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DIPNOI
Introduction:The group of bony fishes belonging to class Dipnoi is generally known as “Lung Fishes”The name Dipnoi is given due to the presence of two internal nostrils. Its an interesting group of fishes showing affinities to both teleosts and amphibians. They evlved in middle Devonian period flourished in the Permian and Triassic periods. They are represented now by three surviving genera which are discontinuously distributed in wiodely separated tropical ndsub tropical habitats
Geographical Distribution: The three surviving genera of lung fishes are Neoceratodus, Protopterus and Lepidosiren. All they are inhabitants of river. But Protopterus lives in large lakes too. They all breathe air. 
· Neoceratodus is found only in the Burnett and Mary rivers of Queens-land in Australia, so commonly called as ‘Burnett Salmon’ or Australian lungfish.

· Protopterus lives in large lakes and rivers of tropical Africa. It is commonly called as Nile lungfish’ or African lung fish. 

· Lepidosiren is found in river Amazon and Paraguay basin in South America. It is commonly called as ‘Amazon lungfish’ or South American lungfish.
Key Characters of Dipnoi:
· Body is large, elongated and fish like
· Body is covered with overlapping thin cycloid scales.

· Almost acutely lobed paired fins are present. Fins are of ‘archipterygial type each having an axis with two rows of radials
· Presence of a single dorsal fin.

· Paired fins are fleshy biserial.
· Tail diphycercal.Dorsal anal and tail fins are continuous.
· Two pairs of nostrils present (anterior and posterior).A pair of internal nostrils opening into the mouth is present.
· Dentition is characteristic in having large dental platesfused to the jaw bones.they are not replaceable.Both, maxilla and premaxilla absent
· Mouth lies on the ventral surface of the head.

· Teeth absent.

· Presence of cloaca.

· Presence of lung.
· Spiracles are absent.

· An operculum and a slit likewbranchial opening are present on either side
· Heart three chambered (two auricles and one ventricle).

· Notochord is unconstricted and lack the centra.

· Autostylic jaw suspension, i.e. palatoquadrate fused to cranium.

Endoskeleton:

Skeleton is largely cartilaginous
Digestive System:

· Mouth is located on the ventral surface of the head. 

· The pharynx leads into the oesophagus. 

· Oesophagus is followed by a sac like stomach. The intestine is tubular. The rectum opens into a small cloaca. 

· Spiral valve present.

· The liver is a large bilobed gland and gall bladder lies between its two lobes. 

· Well-developed pancreas is present but embedded in the wall of intestine. Caecum is an outgrowth before cloaca.
Respiration:

· Respiration is both aquatic as well as aerial.

· In Protopterus six branchial arches with five gill slits are present, but only the fourth and fifth arches bear gill filaments.

· In Neoceratodus, only four pairs of gills are found and each branchial arch bears a double row of gill filaments. The fifth arch is gillless. 

· In Protopterus, the gill filaments are not active for aquatic respiration.

· Air bladder is highly vascular and acts as lungs.

· Protopterus and Lepidosiren have a pair of ‘Lungs’ but in Neoceratodus it is single.

· Their main function is attributed to the excretion of metabolic CO2. It depends more on aerial respiration and may die if prevented from reaching the surface to inhale atmospheric air. Internally, the cavity of each lung opens into small chamber called the alveoli, which in turn open into still smaller sacculi.

Blood Vascular System:
· Heart lies enclosed in pericardium behind the gills.

· The heart of the lung fishes (except Neoceratodus) is incompletely divided into two, the right and the left part. 

· Deoxygenated blood from the body enters the right chamber via the sinus venosus, but oxygenated blood coming from the air bladder (used as lungs) enters the left atrium.

· Blood from the atrium comes into the ventricle, where mixing of two distinct streams is prevented to a greater extent by the interventricular septum.

· The mixing is further prevented in conus by its spiral valve, so that the two streams of blood, one oxygenated and the other deoxygenated leave the heart separately.

· Former stream is sent to the posterior gill region and swim bladder whereas the latter stream goes to the dorsal aorta. Pulmonary veins open directly into the kidney viz. in Protopterus.
Nervous System:

· Salient features of nervous system in Dipnoans are as follows:

· Large and well developed olfactory lobes.

· Olfactory lobes are connected with cerebral hemispheres by olfactory stalks.

· A pair of well-developed cerebral hemisphere is present.

· Cerebellum is small and the optic lobes are fused to from a single oval body.

· A pineal body is present.

Urinogenital System:

· The excretory system in Dipnoans is on the elasmobranch pattern. 

· It consists of a pair of mesonephric kidneys, which discharge into the cloaca through the ureters. In the male, a pair of elongated testes is located adjacent to the kidneys.

· The anterior part of the testis serves for spermatogenesis and the posterior part acts as a vesicular seminalis. 

· Vasa deferentia of both the sides join to open into the cloaca. Mullarian ducts are also present.

· In the female a pair of ovaries are present adjacent to the mesonephric kidneys. 

· A pair of oviducts open by funnel like apertures into the abdominal cavity and join at their hinder ends before opening into the cloaca.

Affinities of Dipnoi:

Dipnoi is a remarkable group of fishes that shows affinities with the bony fishes, holocephalians as well as with the amphibians.
Relationship with fishes: Though Dipnoi represents a somewhat specialized group yet they possess typical fsh like characters such as 

1. Notochord is persistent

2. Vertebrae lack centra

3. Skull shows little ossification and several investing bones

4. 4-6 branchial arches are present

5. Largely ossified and slender dermal finrays present

6. Overlapping cycloid scales cover the body

7. Diphycercal tail fin is present

8. Gills present

9. Lateral line sense organs are present

Although lung fishes possess the above fish like characters yet their relative position amont the bony fish is controversial because they shoe affinities with elasmobranchs

Affinities with Elasmobranchs

Similrities:

1. Persistent notochord with cartilaginous sheath is present

2. Conusarteriosus is similar

3. Spiral valve present

4. Similarity in female reproductive system

5. Diencepalon is identical

6. Uriniferous tubules are without nephrostomes

Dissimilarities: 

1. Presence of lungs
2. Ossified endoskeleton

3. Different jaw suspension

This rule out the any direct relationship between the Dipnoi and Elasmobranchs

Affinities with Elasmobranchii:

Lung-fishes resemble the cartilaginous fishes (elasmobranchs) in the following primitive characters:

(i) Spiral valve in the intestine.

(ii) Similar conusarteriosus.

(iii) No nephrostome in the kidney tubules.

(iv) Similar diencephalon.

(v) Similar female reproductive system.

(vi) Each gill-arch with 2 efferent arteries.

The above similarities are not sufficient enough to establish any relationship. The main differences from elasmobranchs are presence of diphycercal tail, opercula and lungs, absence of claspers and external fertilisation.

3. Affinities with Holocephali:
According to Jarvik (1964, 1967), dipnoans and holocephalians resemble remarkably with each other as follows:

(i) Teeth fused into dental plates on jaws.

(ii) Gills covered by operculum.

(iii) Operculo-gular membranes of both sides fused.

(iv) Jaw suspension autostylic.

(v) Lack of stomach. Intestine with a spiral valve.

(vi) Excurrent nostrils opening into the mouth cavity.

(vii) Similar kidneys, gonads and ducts.

(viii) Each gill-arch with 2 efferent arteries.

(ix) Similar cranial nerves.

Despite such similarities it is extremely difficult to establish any relationship between dipnoans and holocephalians. The main differences from holocephalians are presence of lungs, absence of claspers and external fertilisation.

4. Affinities with Actinopterygii:
Lung-fishes resemble subclass Actinopterygii in the following characters:

(i) Blunt snout.

(ii) Body covered with cycloid scales.

(iii) Powerful palatine and splenial teeth.

(iv) Presence of inferior jugular veins.

(v) Presence of swim-bladder (air-bladder).

(vi) Presence of operculum over gills.

However, the Actinopterygii belong to a separate evolutionary line. They have thin, broad fins modified for swimming, and the external nostrils never penetrate into the mouth. Most of them are small in size, have reduced snout, large eyes, single separate dorsal fin and a homocercal caudal fin.

5. Affinities with Crossopterygii:
The two orders Dipnoi and Crossopterygii were included under the subclass Sarcopterygii by Romer (1959). Instead of specialising for aquatic habitats (as did the Actinopterygii) they have adapted for semiaquatic existence.

They show many close similarities as follows:

(i) Powerful leg-like lobate fins.

(ii) Caudal fin diphycercal.

(iii) Presence of cosmine covering the cycloid scales.

(iv) Presence of blunt snout with ventral nostrils.

(v) Presence of powerful palatine and splenial bones.

(vi) Vertebral column reaching up to the end of caudal fin.

(vii) Paired inferior jugular veins are present.

(viii) Presence of air-bladder (swim-bladder) although modified into lungs with good pulmonary circulation.

(ix) Presence of operculum.

(x) Contractile conusarteriosus.

(xi) Larval forms in some cases with external gills as accessory respiratory organs.

Besides, the fossil crossopterygians (rhipidistians such as Devonian Osteolepis) and fossil dipnoans (such as Devonian Dipterus) show even closer affinity in:

(i) Similar body shapes and sizes (20 to 70 cm).

(ii) Separate 2 dorsal, 1 anal and 1 heterocercal caudal fin supported by dermal bony rays.

(iii) Paired fins somewhat lobate with a fleshy scaly central axis. Pectoral fins placed high.

(iv) Presence of internal nostrils.

(v) Cycloid scales modified from cosmoid type.

(vi) Similar skull bones.

(vii) No vertebral centra.

(viii) Similar opercular and gular bones.

(ix) Comparable lower jaw.

(x) Similar lateral line sensory system.

(xi) Presence of swim-bladder (air-bladder) functioning as the lung.

(xii) Intestine contains spiral valves.

(xiii) Conusarteriosus is contractile.

(xiv) External gills are present in the larvae.
This led to the belief that the dipnoans are degenerate descendants of the crossopterygians, which the early dipnoans closely resembled. But Jarvik (1968) and others throw doubt upon this belief. According to them, certain structures are more specialised in dipnoans than the crossopterygians.

Their basic differences are in structural organisation of food crushing apparatus, fin skeleton, vertebral column, visceral skeleton, neural endocranium, snout, division of heart, atrium, blood supply of swim-bladder, etc.

Affinities with Amphibia:

Lung-fishes (dipnoans) resemble the amphibians in several features, such as:

(i) Semiaquatic and marshy habitat.

(ii) Skin glands multicellular.

(iii) Presence of dermal scales in Gymnophiona.

(iv) Internal nostrils piercing roof of mouth cavity.

(v) Presence of vomerine teeth.

(vi) Lungs capable of pulmonary respiration. A pulmonary artery and a pulmonary vein are present.

(vii) Spiracles lacking.

(viii) Auricle and sinus venosus partially divided into right and left halves.

(ix) Conusarteriosus spirally twisted and divided into two by a longitudinal partition.

(x) Pericardium is thin-walled.

(xi) Ventral aorta short.

(xii) Presence of anterior abdominal vein, posterior vena cava.

(xiii) Jaw suspension autostylic.

(xiv) Brain similar in structure of cerebrum and cerebellum.

(xv) Sperms carried through excretory part of mesonephric kidney.

(xvi) Similar structure and development.

(xvii) Larval stages possess external gills and sucker.

The close similarities led early workers to conclude that lung-fishes (dipnoans) gave rise to Amphibians, a view no longer held now-a-days. According to Dolo, these similarities probably were due to convergent evolution and have possibly from adaptive modifications on account of similar habits and habitat. On the other hand, lung-fishes have many specialised features by which they differ from amphibians.

These are as follows:

(i) Lobate fins instead of limbs for locomotion.

(ii) Fin skeleton not like that of primitive tetrapods.

(iii) Skull mainly cartilaginous with little ossification.

(iv) Presence of characteristic tooth-plates instead of teeth.

(v) Maxillae and premaxillae absent.

(vi) Some anterior vertebrae fused with skull.

(vii) Lungs located dorsal to gut.

(viii) Urinary bladder develops from dorsal wall of cloaca in Dipnoi but from ventral wall in Amphibia.

6. Phylogeny and Significance of Dipnoi:

The origin, evolution and affinities of Dipnoi are still an unsolved problem due to diverse opinions. They combine characteristics in which they resemble almost all the other groups of fishes as well as Amphibia. Fossil primitive Dipnoi (e.g., Dipterus), shows greater similarity with fossil crossopterygians (e.g., Osteolepis), than do their living members.

During the course of their evolution, the modem Dipnoi has undergone several changes or specialisations which are as follows:

(i) Anterior dorsal fin was reduced and eventually lost.

(ii) Remaining median fins elongated and fused so that originally heterocercal tail became symmetrically diphycercal.

(iii) Reduction in number of dermal plates or bones of skull and operculum.

(iv) Thick bony cosmoid scales modified into thin cycloid scales.

(v) Extensive sheet of cosmine covering head and body was lost.

(vi) Fusion of conical teeth to form characteristic crushing tooth-plates with ridges to feed effectively upon shell fish.

(vii) Air-bladder became functional lungs not unlike those of higher vertebrates.
Evidence indicates that Dipnoi are degenerate descendants of Crossopterygii which early dipnoans resembled. Romer (1945) thought that Dipnoi and rhipidistianCrossopterygii had a common ancestor.

On the other hand close similarity between Dipnoi and Amphibia led early workers to conclude that dipnoans gave rise to amphibians, a view no longer held now. However, it is universally accepted that Amphibia have originated either directly from RhipidistianCrossopterygii or from some common ancestor.
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Fig. 17.1. Showing discontinuous distribution of three living genera of lung fishes (Dipnoi).
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