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Some necessary technical terms are introduced with regard to the main

morphological structures of the sulcus that can be found in the teleos-

tean otoliths. Most of these named structures do not implicate monophy-
letic origin by any means, as they can obviously have originated within

different lineages. Nevertheless, phylogenetical discussion of higher taxa

within the Teleostei can be based on these structures. The important role

of the Myctophiformes, with regard to the evolution and origin of the

Acanthopterygii and Paracanthopterygii, is a special purpose of this

paper. Other problems, such as the Atherinomorpha and the relationship
of Gadiformes and Ophidioidei, are discussed. The limits of phylogenetic

studies based on otoliths are pointed out (possibilities of numerous ana-

logies because of a not very complex morphology, loss of advanced

features because of different types of reductions).
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THE IMPORTANCEOF OTOLITHS

Fossil

The advantages of otoliths are, that they are the only identifiable isolated remains of Teleoste-

ans so far and that they are millions of times more common in the fossil record than complete

fish-skeletons. Except for the European Tertiaries our knowledge of fossil otoliths is still in a be-

ginning stage of discovery and description. Nevertheless they turn out to be of interest for the

following further investigations:

Regional biostratigraphy

First steps in this field have been done by Brzobohatý (Neogene, Paratethys), Gaemers and

Schwarzhans (Oligocene and Neogene, North Sea Basin) and Nolf (Paleogene, Belgian Basin and

Paris Basin). Certain groups (Gadidae in the Neogene and Ophidioidei in the Paleogene) contain a

number of short living species and quite well known lineages on which these studies are based.

Paleogeography

These investigations are becoming exceedingly important as our knowledge of oversea fossil

faunas is increasing. A first regional work has been done by Brzobohaty (Neogene, Paratethys).

Recent

A good estimation on the number of living teleostean species would be placed somewhere be-

tween 30.000 and 50.000. In the ten largest private and institutional collections about a tenth to a

fifth of these are represented by otoliths. It is an unpleasant misproportion that of only about

1.000 recent species otoliths have been figured and quite often in an incorrect or even misleading

way. However, that is the most necessary work to be done, as all studies on recent or fossil material

should be based on a proper zoological background. An example of how this can be done is shown

by Karrer's marvellous work on Moridae otoliths. A better co-operation between otolith specialists

and a better exchange of recent material will be necessary.

In the past several small attempts have been published on phylogenetic relationships based on

otoliths by Hecht, Karrer, Nolf, Schwarzhans, Stinton and Weiler. All of them realized that otoliths

are conservative enough in their characters to allow phylogenetic interpretations on the level of

species, genera and families. In the higher hierarchy, however, this becomes somewhat problem-

atical. The most conservative and consequently the most important structure for these purposes is

the sulcus (fig. 1); this has also been the opinion of most previous workers.

THE MORPHOLOGICALSTRUCTURES

Purely empirically I would like to make the following statements on the value of certain oto-

lith structures.

On the species level such characters as small differences in the outline, sculpture (on the margins

or outside), L:H and L:T ratios are the most important, whereas other characteristics usually are

constant.

On the somewhat higher genus or family level other characters, such as small differences in the

sulcus margins, the outline in general, curvatures, cristae and larger structures on the outside

(tubercles and ridges) are of increasing importance.

For higher taxa there is more or less only one useful character left, concerning the principal
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Fig. 1. Orientation and explanation of the

morphological structures of a teleostean

otolith(right sagitta).

Fig. 2. Explanation of the new morpholo-

gical term pseudocolliculum with two

examples (colliculi are hatched, pseudocol-

liculum is dotted).

Fig. 3. Explanation of the six principal

types of sulcus openings (colliculi are hatch-

ed). Right sagittas.

Fig. 4. Explanation of the four principal

types of sulcus margins, including four im-

portant variations (colliculi are hatched).
Right sagittas.



170

structure of the sulcus, unless one likes to use parallelisms as evidence (Personally I think that

parallelisms are too dangerous and dubious to be of any use for phylogenetical purposes).

This statement had a very general character and it will turn out in several cases that some of the

more changing characters are in fact more constant than usual and thus can be used for the next

higher unit.

In literature principal sulcus structures have only been used circumscriptive or in the normal

sense of being 'similar' or 'dissimilar'. To avoid this kind of discussion I like to introduce two sorts

of easy technical terms; so, one has at least well-defined terms to deal with. But first I have to intro-

duce an additional morphological term, the pseudocolliculum (fig. 2), a collicular crest, found either

beneath the caudal colliculum (for example in some Myctophidae and Beryciformes) or in the lower

part of the collum (in a number of Gadiformes).

There are three principal sulcus structures to consider. The first is the number of colliculi. The

sulcus can be filled with one undivided colliculum, either as a primitive character or a secondary,

when formerly divided colliculi are fused together again. The division into a ostial and a caudal col-

liculum is an apomorph character, that originated gradually and was obviously realized in at least

three different lineages.

Secondly the opening of the sulcus is an important feature. We are able to recognize six prin-

cipal possibilities (fig. 3):

Ostial: the ostium is open towards the anterior margin. The cauda is closed. This is, generally

spoken, a plesiomorph character (examples: Elopidae, Osteoglossomorpha, Salmoniformes, most

Myctophiformes, a number of Acanthopterygii).

Pseudo-ostial: the opening of the ostium towards the anterior margin is reduced. The cauda is

closed. The opening may become either indistinctive (Pterothrissidae), or only an ostial channel is

left (most Congridae and many Sciaenidae), quite commonly evolving from an ostial opening and

sometimes leading to a medial sulcus position, if reduction continues.

Medial: the sulcus does not open to any margin. This usually coincides with a very reduced sul-

cus and may evolve from an ostial or pseudo-ostial sulcus (some Congroidei, Gobioidei, a number of

Pleuronectiformes) or rather rarely from a pseudobiostial sulcus (Macruroides, Squalogadus, Typh-

lonus, all Macrouridae).

Pseudobiostial: the sulcus ends indistinctly very near to the anterior and posterior margins

(most Paracanthopterygii, Alepisauroidei and few Ophidioidei). This is an apomorph feature, which

occurs only in two or three lineages.

Biostial: the sulcus has clear openings to the anterior and posterior margins. This very apomorph

character is only known so far in three lineages (most of the Zeiformes, Tetraodontiformes and

Macrorhamphosidae).

Caudal: the cauda is open towards the posterior margin. The ostium is closed or indistinctly

open towards the anterior margin. This character is only known from the Moriformes s.s. (within

Paracanthopterygii).

Last but not least the general outline of the sulcus is important. We distinguish four catagories

(fig. 4):

Fig. 5. Possible phylogenetic meaning and evolution of the sulcus structures, modified after Green-

wood et al., 1966.



171

Fig. 5
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Archaesulcoid: no clear division into ostium and Cauda exists. Both have more or less the same

height. A small lace at the ventral margin might be present. An ostial, archaesulcoid sulcus with un-

divided colliculi is beyond any doubt the most plesiomorph type of sulcus to be found in the Tele-

ostei, realized in the Osteoglossomorpha, Clupeomorpha, most Anguilloidei, Nothacanthiformes and

few Salmoniformes and also in the jurassic Leptolepis.

Heterosulcoid: ostium and cauda are clearly distinguishable. A lace at the collum is at least pres-

ent at the ventral margin. The ostium is enlarged, whereas the more slender cauda bends downwards

towards its end. This feature is quite commonly found within the Perciformes s.l. (Sciaenidae, Po-

madasyidae, Serranidae, Sparidae and many more, also Polymixiidae and Holocentridae, but not

Myripristiidae). In some cases the ostium is enlarged, but the cauda is straight, primary or secondary

by reduction of the caudal bent. That can be called O-heterosulcoid and is found in Pterothrissidae,

many Protacanthopterygii, most Beryciformes s.l. and a number of 'primitive' or 'reduced' Perci-

formes s.l. (Atherinidae, Apogonidae, most Gobioidei, many plesiomorph 'Pleuronectiformes').

More rarely we find a not enlarged ostium combined with a bent cauda, which I call C-heterosul-

coid. This is found in some Elopiformes (Elopidae and Albulidae), many Aulopoidei and (as a slight

tendency) in the Cyprinodontiformes and Galaxiiformes. These specialisations of the sulcus seem to

have taken place in each of the three possibilities several times.

Homosulcoid: ostium and cauda are clearly distinguishable. A lace at the collum is present. Os-

tium and cauda look more or less symmetrical. This is found within the Alepisauroidei, the Zenioni-

dae (ex Zeiformes) and all Paracanthopterygii unless their colliculi are fused together again. This

apomorph character seems to have taken place only twice, one group only containing the small

family Zenionidae.

Incisive: this character is due to the development of one colliculum towards a ridge-like crest in

the middle of the sulcus. This may be either the ostial colliculum (O-incisive - all Ostariophysi and

Chanos), or the caudal colliculum (C-incisive - Moriformes ex Paracanthopterygii). Both apomorph

characters seem to have developed only once.

With these technical terms we are able to bring some order into the vast number of teleostean

otoliths. With the combination of the numberof colliculi, the sulcus opening and the sulcus margin

we are able to deal with surveyable groups. Nevertheless, the screen is too coarse to allow most of

the possible combinations to have derived monophyletically (fig. 5). In special cases much more

detailed investigation is needed, thus showing that the morphology of otoliths is not enough com-

plex to allow more than tentative suggestions for the phylogeny of higher (than family-level) taxa in

the teleosteans. A number of surprising analogies must be expected (an example is Zeiformes - Te-

traodontiformes). On the other hand, they are surely an important additional expedient for the

systematics and might well help to clear the relationship of quite a number of problematic taxa.

GENERAL EVOLUTIONARYTRENDS

With the above introduced technical terms we are able to deal with those apomorph features,

which are due to certain specializations: the sulcus is becoming more complex. But there are also

many otoliths in which these features are very reduced. In the final stages, otoliths may become so

similar to each other, because of the lack of distinctive features, that it is almost impossible to de-

cide from which apomorphies they might have originated, unless the group in question contains at

least one plesiomorph type of otolith. In some cases this plesiomorph type does not occur, for
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example the Lophiiformes and Beloniformes. In other cases, viz. the Zeiformes, Tetraodontiformes

and Pleuronectiformes it is present, and there are also cases, where its occurrence is doubtful as in

the Ophidioidei.

In general we can state that the mode of life is somehow affecting the morphology of the oto-

liths. Thus bentonic living fishes tend te develop thick, more or less unsculptured otoliths. The

sulcus tends to reduce the opening towards a medial position and the colliculi are quite commonly

fusing together. The sulcus is often flattening out. The margins of the sulcus may be reduced to a

totally indistinctive oval shape. More pelagic living fishes tend to develop thin, strongly sculptured

otoliths (these two features are obviously affected most easily). The sulcus tends to become very

deep, so that the margins of the colliculi are almost disappearing (naturally they are still present as

they mark the very points where the nerves touch the surface of the otolith). The margins of the

sulcus will equalize and in some cases the sulcus breaks through to the posterior end of the otolith,

thus forming a biostial opening.

There are a numberof exceptions, of course, but this possibility and not yet known other possi-

ble influences should be kept in mind.

PHYLOGENETIC STUDIES

The study of otoliths has already yielded a number of certain lineages based on good synapo-

morphies. Some of the best examples are: the evolution of the Zeiformes via Grammicolepidae,

Oreosomatidae, Capros, Antigonia out of a typical O-heterosulcoid Berycoidei-type of otolith, prob-

ably near the Trachithyidae (evolution of a strong biostial sulcus; Parazenidae and Zenionidae are

certainly to be excluded of the Zeiformes); the Tetraodontiformes via Ballistoidei very likely out of

the Acanthuroidei (another case of evolution of a strong biostial sulcus); the line

Chanos,

Gonorhynchus.

Ostariophysi (evolution of an O-incisive sulcus, already realized in Chanos); the much re-

duced features commonly found in the Pleuronectiformes have in the most plesiomorph genusPset-

todes a typical heterosulcoid otolith, which might originate from some not very advanced Percoidei,

possibly near Micropterus ex Centrarchidae (Micropterus and Psettodes are hardly to distinguish on

the generic level).

Myctophiformes (sensu Greenwood et al., 1966).

The Myctophiformes are thought to be an important group for the origin of the Acanthoptery-

gii as well as of the Paracanthopterygii. When studying the otoliths we can easily recognize three

principal types of otoliths (fig. 6). The most plesiomorph type of sulcus we find within the Aulo-

poidei (aulopid otolith) containing the families Aulopidae, Chlorophthalmidae, Synodidae, Bathy-

pteroidae, Scopelosauridae, Ipnopidae and Harpodontidae. With the exception of one case ( Trachi-

nocephalus ex Synodidae) the colliculi are not yet clearly divided. The opening is ostial or pseudo-

-ostial. The sulcus is more or less archaesulcoid with a trend towards the C-heterosulcoid develop-

ment (some Chlorophthalmidae, Aulopidae and, most distinctive, some advanced Synodidae as

Synodus and Trachinocephalus). The Chlorophthalmidae and Aulopidae show some surprising

similarities with several Elopiformes, such as Elopidae and Megalopidae. Anyhow, all these charac-

ters must be regarded as being very plesiomorph and therefore they don't give any good evidence

with respect to the origin of the Myctophiformes. The Harpodontidae might be most related with

the second group, the Myctophoidei.
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The Myctophoidei (myctophid otolith) only contain the families Myctophidae and Neoscope-

lidae. They still have an archaesulcoid sulcus with a tendency towards an O-heterosulcoid sulcus.

The colliculi are clearly divided. In some Myctophidae a caudal pseudocolliculum is present. All

these characters are commonly found in most Beryciformes (a plesiomorph character-combination

in this group, with a much stronger developed O-heterosulcoid sulcus), thus giving a good argument

for the origin of the Acanthopterygii somewhere out of or near to the Myctophoidei. Otoliths of

the Ctenothrissiformes are not yet known.

A sistergroup to the Myctophoidei could be the Alepisauroidei (sudid otolith), containing the

families Paralepididae, Sudidae, Omosudidae, Evermannellidae and Scopelarchidae (otoliths of the

Anotopteridae and Alepisauridae are not yet known). These otoliths have clearly divided colliculi.

The sulcus is homosulcoid in such a way that the ostium is still larger than the cauda, thus suggest-

ing an ostial, more or less O-heterosulcoid origin near to the Myctophoidei. The presence of a homo-

sulcoid sulcus suggests furthermore that the Paracanthopterygii have originated from somewhere

near to the Alepisauroidei. This would logically mean that the homosulcoid sulcus is a primary

character within the Paracanthopterygii, which matches good with what we find in the Gadiformes,

Percopsiformes and Batrachoidiformes (fig. 7).

Atherinomorpha (sensu Greenwood et al., 1966).

The systematic position and extensiveness of the Atherinomorpha has always been a serious

problem in ichthyological work. Greenwood et al. placed the Sphyraenidae, Mugilidae and Poly-

nemidae within the Perciformes, which is strongly supported by the otolith point of view, as they

all show advanced heterosulcoid otoliths, which is common in that group. The Gasterosteiformes

are problematical, as it is hard to say, whether their O-heterosulcoid sulcus is a primary or reduced

(from true heterosulcoid) character. Anyhow, they quite certainly belong to the Acanthopterygii.

The Atherinidae (including Pseudomugilidae and Melanotaeniidae of some authors) to which the

Atherinomorpha should be reduced (then Atheriniformes) have an ostial, O-heterosulcoid sulcus

in the same way as most Berycoidei and few 'primitive' Perciformes; also their colliculi are divided

(fig. 8).

Fig. 6. The three principal types of otoliths found within

the Myctophiformes s.1. (colliculi are hatched).

Fig. 7. Possible relationship within the Myctophiformes s.1., also showing possible origin of Acan-

thopterygii and Paracanthopterygii based on otoliths (colliculi are hatched).
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Fig. 7
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Entirely different are the Beloniformes and Cyprinodontiformes. The sulcus of the Belonifor-

mes is pseudo-ostial and slightly O-heterosulcoid. There is only one colliculum. Their affinities can

not clearly be pointed out, but they are quite certainly to be separated from the Acanthopterygii.

The cyprinodontiform otoliths have an ostial, more or less archaesulcoid (slight tendency towards

C-heterosulcoid) sulcus. The colliculi are not divided. In this case another constant character seems

to be the outline of the otolith. It is in all known cases triangular, with a strong mediodorsal angle.

All these characters can also be found in the Galaxiiformes (abundant in the freshwater of Australia

and New Zealand, less common in South America). In some Galaxiiformes however a beginning

stage of a division into two colliculi is documented, but nevertheless the otoliths give good evidence

for a close relationship of these two groups. In recent ichthyological work the question has been

asked, whether the Galaxiiformes form a natural group or not. The otoliths strongly support the

view, that they really do (otoliths are known from the Galaxiidae, Lepidogalaxiidae, Retropinnidae,

Haplochitonidae, but still unknown from the Salangidae). The Galaxiiformes may also represent the

connection with the Salmoniformes. The otoliths of the Argentinoidei, Alepocephaloidei and Osme-

roidei have an O-heterosulcoid sulcus and a triangular or pentangular outline in common, in which

the dorsal margin is straight, whereas the ventral margin has a strong medioventral angle. These two

apomorph features exclude all three suborders from being ancestral to any of the Galaxiiformes.

More generalized with respect to the type of sulcus as well as to the outline are the Salmonoidei.

Especially the Umbridae might very well be closely related with the Galaxiiformes - Cyprinodonti-

formes. Thus the relation between Galaxiiformes and Cyprinodontiformes can be compared with

the relation between Marsupialia and Placentalia in the mammals (fig. 9).

Ophidioidei and Gadiformes

For a long time there has been a vivid discussion, concerning the question whether the Ophidi-

oidei are somehow related with the Gadiformes or not. The general appearance of these fishes is

quite similar, but that may easily be due to convergency as a result of their similar mode of life. In

both cases the otoliths show divided colliculi (primary character, in many cases they are fused to-

gether again). In the Gadiformes the sulcus is advanced homosulcoid and the opening pseudobi-

ostial. At least homosulcoidism seems to be a primary, plesiomorph character in all Paracantho-

pterygii. The Ophidioidei however tend to reduce strongly their sulcus features in many different

lineages. It is almost impossible to find otoliths plesiomorph enough to state more than mere sug-

gestions, concerning the question where the Ophidioidei might have originated from. In most cases

the less reduced ophidioid otoliths show a pseudo-ostial or even medial sulcus position. The sulcus

itself is more or less archaesulcoid, but there are some species which strongly suggest that this is a

reduced feature either from a true heterosulcoid or a homosulcoid pattern. This problem can not

be solved beforehand and depends largely on which otoliths we accept as being the most plesio-

morph ones within the Ophidioidei. One suggestion is that the

-

Neobythites - Genypterus - Hoplo-

brotula Dipulus features are the most plesiomorph ones (above mentioned characters), which then

would lead us to an origin somewhere within or near the Acanthopterygii. The other possibility is to

accept Brotula - Sirembo) - Petrotyx as showing the most plesiomorph otolith features. Here we

have in fact a pseudobiostial sulcus opening and the sulcus only differs from being homosulcoid by

a bend-over, very peculiar junction of the colliculi (in Sirembo and most Ophidiinae) unless they are

both fused together again (Petrotyx). Then we could place the Ophidioidei within or near to the

Paracanthopterygii. Both suggestions are quite likely, thus showing the limits of phylogenetical

conclusions based on otoliths. From the otolith point of view, the whole problem turns out to be a

mere believing of what are the connecting synapomorphies. There are of course some parallelisms
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on other otolith features between Ophidioidei and Gadiformes. There is a particular tuberculation

on the outside and a praedorsal lobe of the dorsal margin (common within the Gadiformes, rare

within the Ophidioidei). The last character has also been found in some Congridae, most Apogoni-

dae and a number of Stephanoberycoidei. I have strong objections against regarding them as synapo-

morphies for the relationship between Ophidioidei and Gadiformes. These characters are usually not

constant enough for phylogenetical conclusions on this high systematic level and therefore they

should better be considered to be mere parallelisms.

Another group, the Zoarcidae, is quite often placed near the Gadiformes. They have an ostial,

somewhat reduced heterosulcoid sulcus, which offers no good argument to place them somewhere

near the Paracanthopterygii. They fit well within the Blennioidei, as has been suggested by previous

workers.

ACKNOWLEDGEMENTS

For generously supporting me with recent otolith material I like to thank the following persons:

G. Allen (Perth, West Australia). J. Fitch (Los Angeles, California, U.S.A.), R. McKay (Brisbane,

Queensland, Australia), J. Nielsen (Copenhagen, Denmark), J. Paxton (Sydney, New South Wales,

Australia) and W. Schmidt (Vockenhausen, West Germany).

LITERATURE

Berg, L. S., 1940. Sistema ryb. Moskau - Leningrad, (Trav. Inst. Zool. Akad. Sci. U.R.S.S.) (with an English sum-

mary).

Brzobohaty, R., 1978. Die Fisch-Otohthen aud dem Badenien von Baden-Sooss, NO. - Ann. Naturhistor. Mus. Wien,

81: 163-171.

Chaine, J., 1934 - 1942. Recherches sur les otolithes despoissons. Etude descriptive et comparative de la sagitta des

Teleosteens. - Act. Soc. Linn. Bordeaux, 86: 1 - 254;87: 1 - 242;88: 5 - 246; 89: 1 - 252; 90: 5 - 258; 92: 3 -

133.

Fitch, J. & L. Barker, 1972. The fish family Moridae in the eastern north Pacific with notes on morid otoliths,

caudal skeletons, and the fossil record. - Fishery Bull. 70: 565 - 584.

Fitch, J. & W. Craig, 1964. First record for the Bigeye Tresher (Alopias superciliosus) and Slender Thuna (Allothuna

fallai) from California, with notes on eastern Pacific scombroid otoliths. - California Fish & Game, 50: 195 -

206.

Fitch, J. & D. Gotshall, 1972. First record of the Black Scabbardfish, Aphanopus carbo, from the Pacific Ocean with

notes on other Californian trichiurid fishes. -Bull. Southern California Acad. Sci., 71: 12-18.

Frizzell, D., 1965. Otolith-based genera and lineages of fossil bonefishes (Clupeiformes, Albulidae). - Senckenb.

leth., 46a: 85 -110.

Frizzell, D. & C. Lamber, 1961. New genera and species of myripristid fishes, in the Gulf Coast Cenozoic, known

from otoliths (Pisces, Beryciformes). — Bull. Univ. Missouri Schoolof Mines and Metallurgy, Technical ser., 100:

1 - 25.

Gaemers, P., 1976; New concepts in the evolution of the Gadidae (Vertebrata, Pisces), based on their otoliths. -

Meded. Werkgr. Tert.Kwart. Geol., 13: 3 - 32.

Gaemers, P. & W. Schwarzhans, 1973. Fisch-otolithen aus dem Pliozan von Antwerpen (Belgien) und Ouwerkerk

(Niederlande) und aus dem Plio-Pleistozan der Westerschelde (Niederlande). - Leidse Geol. Meded., 49: 207 -

257.

Greenwood, P., R. Miles & C. Patterson (eds.), 1973. Interrelationships of fishes. London, (Academic Press), 536 pp.



179

Greenwood, P., D. Rosen, S. Weitzman & G. Myers, 1966. Phyletic studies of teleostean fishes, with a provisional

classification of living forms.
- Bull. Amer. Mus. Nat. Hist., 131: 341 - 455.

Hecht, T. & A. Hecht, 1977. A descriptive systematic study of the otoliths of the neopterygean marine fishes of

South Africa, II. The delimitationof teleost orders, some systematic notes and a provisional new phyletic order

sequence. - Trans, roy. Soc. S. Afr.,43: 199 - 218.

Karrer, C., 1971. Die Otolithen der Moridae (Teleostei, Gadiformes) und ihre systematische Bedeutung. - Zool. Jb.

Syst.,98: 153 -204.

Koken, E., 1884. Uber Fisch-Otolithen, insbesondere iiber diejenigen der nord-deutschen Oligozan-Ablagerungen. —

Z. deutsch. geol. Ges., 36: 500
-

565.

Kotthaus, A., 1967 - 1970. Fische des Indischen Ozeans. Ergebnisse der ichthyologischen Untersuchungen wahrend

der Expedition des Forschungsschiffes 'Meteor' in den Indischen Ozean, Oktober 1964 bis Mai 1965. — 'Meteor'

Forsch. - Ergebnisse, (D) 1, (Teil I, Isospondyli und Giganthuroidei); (4) (Teil V, Solenichthyes und Anacanthi-

ni); (5) (Teil VI, Anacanthini2, Berycomorphi und Zeomorphi).

Kotthaus, A., 1972. Die meso- und bathypelagischen Fische der 'Meteor' Rossbreiten Expedition 1970. — 'Meteor'

Forsch.
- Ergebnisse, (D) 11:1-28.

Nolf, D., 1974. De teleostei otolieten uit het Eoceen van het Belgisch Bekken. Reconstructie van de fauna en bio-

stratigrafische toepassing. (Thesis Rijksuniversiteit Gent, unpublished).

Rosen, D. & P. Greenwood, 1970. Origin of the Weberian Apparatus and the relationships of the Ostariophysean and

Gonorhynchyform fishes. - Amer. Mus. Novitates, 2428: 1 -25.

Rosen, D. & C. Patterson, 1969. The structure and relationships of the paracanthopterygian fishes. - Bull. Amer.

Mus. Nat. Hist., 141: 359 - 474.

Sanz Echeverria, J., 1935. Otolitos de los peces gadiformes de Espana. -
Bol. Soc. Esp. Hist. Nat., 35: 245.

Schmidt, W., 1968. Vergleichende morphologische Studie uber die Otolithen mariner Knochenfische. — Arch.

Fischereiwiss., 19: 1 -96.

Schwarzhans, W., 1972. Der Wert von morphologischen Merkmalen der Teleosteer-Otolithen(Sagitta) fur hohere

systematische Rangstufen (mit Beispielen und Problemfragen). - Meded. Werkgr. Tert. Kwart. Geol., 9: 106 -

116.

Schwarzhans, W., 1976. Die fossilen Otolithen der Gattung Bathycongrus (Meer-Aale; Congridae, Pisces). -Sen-

ckenb. leth., 56: 469 - 477.

Stinton, F., 1967; The otoliths of the teleostean fish Antigonia capros and their taxonomic significance. - Bocagi-

ana, Museo Municipal do Funchal, 8:1-7.

Trewavas, E., 1977. The sciaenid fishes (Croakers or Drums) of the Indo-West-Pacific. — Trans, zool. Soc. London,

33: 259-541.

Weiler, W., 1968. Die Otolithen der bathypelagischen Familie Melamphaidae und ihre systematische Bedeutung. —

Senckenb. biol., 49: 223 - 230.

Weiler, W., 1968. Otolithi Piscium. - Foss. Catal. I. Animalia, 117. 's-Gravenhage (E. Westphal), 196 pp.



180

Plate I

Plain numbers show the inside of the otoliths; a) view from dorsal; b) view from anterior.

ELOPIFORMES

Elopidae

Fig. 1. Regan. Recent, off Hawaii. 7.5 x.

Megalopidae

Fig. 2.

Elops hawaiensis

(Broussonet). Recent, east Australia. 16 x.Megalops cyprinoides

MYCTOPHIFORMES

Aulopoidei

Chlorophthalmidae

Fig. 3. Günther. Recent, east Australia, 16 x.

Fig. 4.

Chlorophthalmus nigripinnis

Bonaparte. Recent, Gulf of Mexico. 16 x.

Aulopidae

Fig. 5.

Chlorophthalmus agassizi

Thomson. Recent, Queensland, Australia. 16 x.

Synodontidae

Fig. 6.

Aulopus curtirostris

(Bloch). Recent, West Australia. 6 x.

Fig. 7.

Saurida tumbil

(Richardson). Recent, West Australia. 6 x.

Fig. 8.

Saurida undosquamis

(Lacepède). Recent, West Australia. 16 x.

Fig. 9.

Synodus variegatus

(Ayres). Recent, California. 16 x.

Fig. 10.

Synodus lucioceps

(Bloch & Schneider). Recent, Madagascar. 6 x.

Bathypteroidae

Fig. 11.

Trachinocephalus myops

Bathypterois longifilis Günther. Recent, east Australia. 10 x.

Scopelosauridae

Fig. 12. Scopelosaurus harryi (Mead). Recent, California. 30 x.
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Plate II

Plain numbers show the inside of the otoliths; a) view from dorsal.

MYCTOPHIFORMES

Aulopoidei

Scopelosauridae

Fig. 1. (Kreft & Maul). Recent, South-Atlantic. 7.5 x.

Ipnopidae

Fig. 2.

Scopelosaurus lepidus

sp. Recent, South Australia. 30 x.

Harpodontidae

Fig. 3.

Ipnops

Saville-Kent. Recent, West Australia. 16 x.

Alepisauroidei

Scopelarchidae

Fig. 4.

Harpodon translucens

Bussing & Bussing. Recent, 39° S and 21° W. 16 x.

Otoliths of the genus

Benthalbella macropinna

have much in common with paralepidid otoliths.

Evermannellidae

Otoliths of this family (not represented here) have many features in common with

sudid otoliths, but are somewhat more compressed and almost rectangular in outline.

Sudidae

Fig. 5.

Scopelarchus

Boulenger. Recent, east Australia. 16 x.

Omosudidae

Fig. 6.

Sudis jayakara

Günther. Recent, 07° N and 20° W. 32 x.

Paralepididae

Fig. 7.

Omosudis lowei

Recent, 65° N and 33° W. 16 x.

Schematical drawings of the genera

Paralepis atlanticus

are shown in text-figure

7. Otoliths of

Notolepis Lestidiumand

Parale-

pis

Macroparalepis look somewhat intermediate between those of

Notolepis.and

Myctophoidei

Myctophidae

Fig. 8. (Cocco). Recent, Sicily. 14 x.

Neoscopelidae

Fig. 9.

Diaphus rafinesquei

Matsubara. Recent, east Australia. 10 x.

Fig. 10.

Neoscopelus microchir

Neoscopelus macrolepidotus Johnson. Recent, east Australia. 10 x.

The other neoscopelid genus (not represented here) has otoliths with a

very particular outline and a much reduced medial sulcus with fused colliculi.

Scopelengys
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Plate III

Comparison of Ophidioidei and Gadiformes otoliths.

Ophidioidei

Fig. 1. Günther - Aphyonidae. Recent, Caribbean. 9 x.

Fig. 2.

Aphyonus gelatinosus

(Rendahl) - Carapidae. Recent, east Australia. 20 x.

Fig. 3.

Onuxodon margaretiferae

(Jordan & Bollman) - Ophidiidae. Recent, west. U.S.A. 4 x.

Fig. 4.

Lepophidium prorates

Goode & Bean - Ophidiidae. Recent, Indopacific. 6 x.

Fig. 5.

Neobythites marginatus

Waite - Bythitidae. Recent, West Australia. 14 x.

Fig. 6.

Dipulus caecus

(Alcock) - Ophidiidae. Recent, Indopacific. 6 x.

Fig. 7.

Holcomycteronus pterotus

(Bloch & Schneider) - Ophidiidae. Recent, east Australia. 4 x

Fig. 8.

Genypterus blacodes

Brotula barbata (Bloch & Schneider) - Brotulidae. Recent, tropical east Atlantic. 4 x

Gadiformes

Fig. 9. sp. - Gadidae. Early Pliocene, northern Italy. 4 x.

Fig. 10.

Phycis

Guichenot - Gadidae. Recent, Portugal. 6.5 x.

Fig. 11.

Gadiculus argenteus

(Goode) - Macrouridae. Recent, Gulf of Mexico. 4 x.

Fig. 12.

Coelorhynchus carminatus

sp. - Macrouridae. Recent, Antarctic. 6.5 x.

Fig. 13.

Hymenocephalus

Chalinura leptolepis (Günther) - Macrouridae. Recent, North-Atlantic. 11 x.

Fig. 14. Bathygadus novus (Bassoli) - Macrouridae. Early Pliocene, northern Italy. 4 x.
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