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The dipnoans, or lungfish, are an ancient group of fish of uncertain relationships but highly distinctive characteristics. They first appeared in the early Devonian and have several living representatives. They are not numbered among the earliest of fishes that appeared in the Ordovician and the Silurian, but they are a part of the enormous radiation of fish groups that took place during the Devonian. 

Links between the dipnoans and tetrapods have been discussed almost continuously since living lungfish were first described over a hundred years ago, but this argument sheds little light on the origins of the lungfish, or on their relationships with other groups of fish (Miles, 1977). Lungfish are osteichthyans, and usually classified within this large group with the living coelacanth and other related fish as sarcopterygians, or lobe finned fishes. Apart from their obvious links with other lobe finned fishes, fossil and living, some structural characters of living lungfish, such as the cartilaginous skull of the Australian species, suggest links with elasmobranchs (Jarvik, 1980), and evidence derived from the development of lungfish, such as the formation and structure of the scales, indicate close relationships with actinopterygians or other early osteichthyans (Zylberberg, 1988). Other characters, like the unusual forms of dentine in the tooth plates, suggest few close relationships with other fish groups or with tetrapods (Kemp, 2003). It is most probable that this exceptionally bradytelic group diverged early in the Devonian from basal types of bony fish. 

The dipnoans reached a peak of diversity and distribution late in the Devonian and during the Carboniferous. Early Devonian lungfish are already distinctive in their dentition (Denison, 1974) and in the unusual pattern of the skull roofing bones, though similar in body form to some crossopterygians like Osteolepis (Miles 1977). Initially, lungfish were marine, and it is unlikely that they could, or did, breathe air, because they lived in deep water. 

During the Carboniferous, several unusual forms appeared, and most species adopted a freshwater lifestyle. Lungfish declined in diversity during the Mesozoic, but not in geographic distribution, at least until the Cretaceous when they disappeared from the Northern Hemisphere. Lungfish continued to be a prominent component of fossil faunas in Gondwana, and are still found in Africa, South America and Australia, in specific freshwater environments. 

Although evidence regarding the origin of lungfish in relation to other groups of fishes is tenuous and the arguments are often speculative (Miles, 1977), an evolutionary progression within the group can be traced without difficulty. Changes in the morphology and fine structure of the dentition (Kemp, 2001), reduction in number of the skull bones and specific rearrangements of the skull structure (Kemp, 1998), and alterations in the structure of the scales can be followed throughout the history of the group. Major genera of Devonian lungfish had permanent tooth plates arranged in radiating ridges that developed from initially isolated cusps, and this design has been retained in almost all of the descendents of Devonian lungfish. So also have the ultrastructural characteristics of a specialised dentine found only in lungfish. This biomaterial, known as interdenteonal dentine, contains prisms of hydroxyapatite crystals, arranged to prevent propagation of cracks though the tooth plate, a function performed in other vertebrate teeth by enamel or enameloid. Lungfish tooth plates have enamel, but this is a thin and fragile layer, soon removed from the tooth plate by wear. The skulls of Devonian lungfish have a tessera of small superficial bones, fused to an ossified chondrocranium. In their descendents, this has been gradually refined to a simpler pattern, consisting of a few large thick external bones covering a cartilaginous chondrocranium. In the living Australian lungfish, the skull bones can be removed from the underlying cartilage, and the more posterior bones are separated from the underlying chondrocranium by muscles. The chondrocranium of the living African lungfish is partially ossified. In all of the living lungfish, and in some of the fossil species, the upper jaw bone is linked in an unusual way with the skull roof, an arrangement that confers considerable strength and versatility on the jaws. 

The divergence of the two major divisions of living dipnoans, represented by Neoceratodus in Australia, Lepidosiren in South America and the related Protopterus in Africa, can be followed from their common origin in the Mesozoic. The evolutionary progression within the lungfish is not one of degeneration or regression to a basic state. It is a process of refinement, resulting in species that are well adapted for their natural environments. 
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