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Unit 3: Digestive System

Brief account of alimentary canal and digestive glands
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6.4 DIGESTIVE SYSTEM IN NON-MAMMALIAN
VERTEBRATES |

The development of extracellular digestion in an alimentary canal was an important
evolutionary innovation. It freed many aniymals from feeding continuously, for they
could not quickly ingest a few large chunks of food rather than slowly obtaining many
particles small enough to enter cells and undergo intracellular digestion. The overall
tubular organization of lalimentary canal is efficient because it allows food to travel in
one direction, passing through different regions of digestive specialization. Thus both
acid and alkaline phases occur in the tract of Vertebrates, and both are active and at
the same time provide different types of digestive action. In general, alimentary canals
have four major divisians, the functions of which are (1) receiving, (2) conducting and
storage, (3) digestive and absorbing nutrients and (4) absorbing water and defecating.
Representative alimentary canal from different non-mammalian vertebrate classes are
discussed in the following sections.

(1) Fishes
(a) Cartilaginous fishes

The digestive system of cartilaginous fishes comprises alimentary canal, glands of
alimentary canal and physiology of digestion (Fig. 6.15).
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Fig. 6.15 : Scoliodon. Digestive tract,



The alimentary canal of Scoliodon consists of mouth, buccal cavity, pharynx, Digestive System
oesophagous, stomach, intestine and rectum. Mouth is a ventral crescentric opening
which leads into a spacious dorso-ventrally compressed buccal cavity. The buccal
cavity is lined with a thick mucous membrane raised ventrally into a thick fold to form
the so called tongue which is non-muscular and non-glandular. The mucous membrane
is rough due to the presence of dermal denticles. Teeth are oblique and have sharp
more or less compressed cusps, the edges of which are smooth and non-serrated. Teeth
are all alike in shape, homodont, and are borne in several parallel rows on the inner
margin of the upper and lower jaws. Teeth are used to catch prey and prevent its
escape but not to crush or masticate it. Though there are several rows of teeth
(polyphyodont) yet only one row functions at a time and the old row is replaced by the
new one. There are no glands in the buccal cavity comparable to the salivary glands of
higher vertebrates.

The buccal cavity opens into pharynx on either side of which lie the internal openings
of the spiracle and five gill-pouches. The spiracle is vestigial represented by an
inconspicuous oval pit and the gill pouches are large. The cavity of pharynx is Jined
with mucous membrane containing numerous dermal denticles. The pharynx narrows
posteriorly to form the short oesophagus. The ocsophagus has thick muscular walls
with an internal lining of mucous membrane raised into longitudinal folds.

The oesophagus widens posteriorily to form a large muscular stomach. The stomach is
bent on itself and forms a J-shaped organ, the long proximal limb called the cardiac
stomach while the short distal limb is called the pyloric stomach. At the junction of
cardiac and pyloric limbs there is a blind outgrowth, the blind sac. The inner mucous
lining of the cardiac stomach is also thrown into prominent longitudinal folds that end
in the depression of the blind sac. At the end of pyloric stomach there is a muscular
bursa entiana. The opening of pyloric stomach into the bursa entiana is guarded by a
circular band of muscle fibres called the pyloric valve.

The bursa entiana contiues into the intestine. The intestine is a wide tube running
straight backward into the abdominal cavity and opening posteriorily into the rectum.
The internal surface of the intestine is increased by a characteristic fold of the mucous
membrane, the spiral valve, having one edge attached to the inner wall of the intestine
and the other rolled up longitudinally on itself into a spiral, making an anti-clock wise
spiral of about two and a half turns. In a transverse section the spiral valve looks like a
watch spring. The spiral valve serves not only to increase the extent of the absorptive
surface of the intestine but also prevents rapid flow of food through the intestine.

The rectum is the last part of the alimentary canal. The tubular rectat (Caecal) gland
opens dorsally into the rectum. The rectum leads into cloaca into which the alimentary
canal as well as the urinogenital ducts open. The glands of alimentary canal comprise
liver, pancreas and rectal glands.

Scoliodon is a carnivorous animal and feeds on other fishes, but diet also includes rock
crabs, lobsters and spider crabs. The teeth of Scoliodon only prevent the cscape of prey
from the mouth and do not perform the function of mastication. Since there are no
salivary glands in the mouth there is no digestion in the buccal cavity. The wall of the
pharynx possesses numerous mucous glands. The secretion of these glands has no
digestive function but simply helps in lubricating the passage of food. The oesophagus
also has no digestive function. Digestion starts only in the cardiac stomach. The
mucous membrane of cardiac stomach secretes gastric juice that contains pepsin and
hydrochloric acid which convert proteins into proteoses and peptones. The gastric juice
is not able to digest chitin. The pancreas secretes trypsin, amylopsin and lipases. Bile
and pancreatic juices act upon semi-digested food as it enters intestine. Bile makes the
food alkaline and helps the action of pancreatic juices. Trypsin acts on the remaining
protecins, amylopsin converts starch into sugar and lipase turns fats into fatty acids. The
digested food is absorbed in the intestine and spiral-valve.

(b) Bony fishes

The digestive organs vary much in structure. The mouth, which is placed at, or ncar,
the anterior end of the head, usvally has the form of a transverse slit, and can
sometimes be extended forward by means of the movable supporting bones of the
upper and lower jaws. Some fishes are toothless but in most instances teeth are present,




Animal Diversity-H mnay be developed on the pre-maxilla, palatine, pterygoid, prevomer, parasphenoid,
dentary, basihyal and bones of the branchial arches. It is characteristic of most
Teleostei with the excqption of Isospondyli that the maxilla is edentulous (toothless)
and does not enter into the gape. The tecth may be cither simply embedded in the
mucous membrane and can be detatched when the bones are macerated or boiled or
they may be implanted in sockets of the bone, or ankylosed to it. They are formed of
some varicty of dentine and are often capped with enamel. Their succession is
perpetual, i.e., injured or worn out teeth are replaced at all ages.

In a very large majority of tcleost species the teeth are small, conical, and recurved,
suitable for preventing the struggling prey from slipping out of the mouth, but quite
unfitted for either tearing or crushing. In some fishes such as the pike, the teeth are
hinged backwards so as to offer no resistance to the passage of the prey towards the
gullet, but effectually barrmg reverse movement. In many deep sea fishes the tecth are
of immense size and constitute a very formidable armature of the jaws. A number of
instances occur in which there is a marked differentiation of the teeth, those in front of
the jaws being pointed or chisel-edged and adapted for seizing, while the back teeth
have spherical surfacés adapted for crushing.

In some bony fishes alimentary canal shows little differentiation into regions, but as a

rule, gullet, stomach, duodenum, ileum and rectum are morc or less clearly

distinguishable histologically. The stomach is V-shaped but its cardiac region may be *
prolonged into a blind pouch (Fig. 6.16). This is often very distensible, allowing some

of the deep-sea Teledstci to swallow fishes as large as themselves. In many genera of

several families stomach is entirely absent. This is also the case in the Holocephall and

is no doubt a secondary and adaptive condition.
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Fig. 6.16 : Digestive tract of a Teleost fish (bass).

Globe fishes can inflate the gullet with air or water, as a result of which they can float
upside down. A spiral valve is very well developed in Polypterus and Sturgeons,
vestigial in Lepiso?teus and Amia, and absent or vestigial in all Teleostei, except
possibly in Chirocentrus (Isospondyli). A trace occurs in the herring. Liver is usually
large. A pancreas Jnay be present as a compact gland, as in Chondrichthyes or may be
widely diffused between layers of the mesentery, or in part surrounded by the liver.
Pyloric Caeca are/commonly present, and vary in number from a single one to two
hundred. Anus is always distinct from, and in front of, the urinogenital aperture.

Amphibians

The mouth opening is a wide slit. Teeth, which are ankylosed to the bones, are present
upon the premaxillae, maxillae and vomers, sometimes on dentaries, palatine and
parasphenoid. They are absent in Pipa and some toads. Tongue is immovable in
Urodele, absent in Aglossa, movable and free behind in other Anura, in which it is
used as a prehensile organ. Salivary glands are not present. In many malc Anura the
lining of the buccal cavity is produced into sacs, the vocal sacs, which act as
resonators. In Rhinoderma they are used as nurseries for the young. Oesophagus,
stomach, small intestine and rectum are present.

44




Digestive system of frog mainly consists of food catching organs, the alimentary canal Digestive System
and the digestive glands. In the alimentary canal maceration, digestion and absorption

occur while digestive glands secrete enzymes that help in digestion of the ingested

food.

The alimentary canal of frog is a coiled tube extending from one end of the body to
the other. It consists of buccal cavity, pharynx, oesophagus, stoinach and intestine.
Mouth leads into a wide and broad cavity called buccal cavity lying between the two
jaws, the upper and the lower one. The buccal cavity in its roof near the vomerine
teeth has two openings, the internal nares connecting with the nostrils through which
respiratory gases pass to and from the buccal cavity during respiration.

The pharynx leads into a broad tubular part of the alimentary canal called ocsophagus.
This part of alimentary canal is very short duc to the absence of neck. But the
oesophagus is highly distensible as its inner lining is thrown into a large number of
longitudinal folds that allow its expansion during the passage of the ingested food to
the stomacl. The stomach comprises two parts, the anterior ¢xpanded cardiac part and
the posterier siort narrow pyloric part. The stomach opens into a long tubular part the
intestine consisting of two parts the small and large intestine. The small intestine leads
to a short, broad colon or large intestine called rectum. The hind end of the rectum is
called the cloaca (Fig. 6.17) and possesses a median ventral appendage, the urinary
bladder. The urinary and generative ducts open into cloaca. The cloaca opens to the
exterior by the anus. The digestive glands such as Liver and Pancreas are present and
the liver has a gall bladder.
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Fig. 6.17 : Digestive tract of an Amphibian (frog).

Reptiles

Teeth are usually present on the premaxillae, maxillae and dentary, and {requently on
the palatine and pterygoid. They are continually rcplaced, and are pleurodont, acrodont,
or thecodont. They are conical or hooked and are adapted for prehension not for
mastication except in some extinct forms. In Chelonia teeth are absent, being replaced
by the horny epidermal beak-like covering of jaws,

The alimentary canal of a lizard Uromayeix is a long and convoluted tube. It can be
divided into mouth, buccal cavity, pharynx, oesophagus, stomach, duodenum, ileum or
small intestine, colon or large intestine, rectum and cloaca. The mouth opening is a




Animal Diversity-1I wide gape bounded by the upper and lower immovable and muscular lips. The mouth
opens into the buccal cavity which has a well developed muscular tongue on its fioor.
Tongue is attached to the floor of the buccal cavity along the median ventral line. The
tongue is long, bifid:and protrusible having voluntary muscles, taste buds and mucous
glands. In the upper jaw teeth are present on premaxillae and maxillae. Whereas in the
lower jaw the dentary bears teeth. The teeth of (romastix are pleurodont which means
teeth are attached to' the outer border of the bones of jaw.

The pharynx lies posterier to the tongue. The lining of the pharynx is thrown into
longitudinal folds. The pharynx leads posteriorly into the oesophagus. It is capable of
great distension and it opens into long cylindrical sac like structure the stomach which
is wider than the oe$ophagus. It has thick muscular walls and lies in the left half of the
body and is curved having the appearance of U-shape. The stomach is differentiated
into two parts; the anterior part is known as Cardiac stomach which lies dorsal to the
left tube of the liver, and the posterior part is known as pyloric stomach lying slightly
to the right side. The wall of the stomach is much thicker than that of the oesophagus
and of the intestine. Numerous well developed longitudinal folds of mucous membrane
are seen in the lumen of both Cardiac and Pyloric stomach (Fig. 6.18). Stomach is the
place where digestion occurs. The pyloric wall is in the form of a muscular ring lining
of the inner wall ofl the posterier extremity of the pyloric stomach.
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Fig. 6.18 : Uromustix. A. Alimentary canal, B. Tongue, C. T.S. of pyloric
46 stomach; D. T.S. of cardiac stomach.




The small intestine consists of an anterior duodenum and a posterior ilcum. The Digestive System
duodenum is U-shaped and receives bile and pancreatic ducts. Both duodenum and
ileum show closely set wavy longitudinal folds of mucosa.

Ileum opens into a large intestine which comprises a proximal colon and distal rectum.
The caecum a blind pouch arises from the junction of ileum and colon. Rectun opens
into cloaca that in turn opens to exterior by the cloacal opening. The cloaca consists of
three chambers, the coprodaecum, the urodacum and the proctodaecum. Different
chambers of cloaca serve for reabsorption of water both from faeces and urine. The
digestive glands that are associated with the alimentary canal are gastric glands, liver,
pancreas and intestinal glands.

The salivary glands are usually absent. There is a sub-lingual gland in Chelonia. Both
upper and lower labial glands and palatal and lingual glands arc always present. The
poison glands of snakes are upper labial salivary glands. The alimentary canal presents
no remarkable features. Large intestine is short and often has a small caccum (Fig.
6.18). 1t leads into the cloaca which reccives the urinogenital ducts and in Lacertilia
and Chelonia an allantoic bladder. Anus is a transverse slit in lizards and snakes, a
longitudinal slit or a roundish opening in chelonians and crocodiles.

Birds

Inspite of great differences in the mode of nourishment the avian digestive organs
present a fairly uniform structure; their peculiarities have relation to the power of
flight. The jaws are covered by a hard horny sheath (rhamphotheca) and transformed
into the beak. The rhamphotheca is often composed of several pieces (compound). True
tecth are entirely absent, at least in living birds as opposed to some fossil forms such
as Ichthyornis, Hesperornis, Archacopteryx. While the upper beak is formed by the
fused premaxillae, the maxillae and the nasal bones, the lower corresponds to the two
rami of the lower jaw, the fused extremities of which are known as the Myxa. The
lower edge reaching from the angle of the chin to the extremity is tenned the gonys,
the edge of the upper beak is the culmen (Fig. 6.19), the region between the cye and
the base of the beak which is covered by cera (ceroma) is the lore. The form and
development of the becak vary extremely according to the special mode of subsistence
(Fig. 6.20).
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Fig. 6.19 : Type of Beak in birds.

Tongue which is always movable, lies on the floor of buccal cavity. It consists of
horny or fleshy covering of two cartilages attached to the anterior end of the hyoid
bone and serves for deglutition, and frequently for seizing food. The buccal cavity,
which in pelicans is dilated into a large gular sac supported by the rami of the lower
jaw, receives the secretion of a number of small salivary glands such as sublingual,
sub-maxillaiy and parotid; 1n the woodpecker the sublingual glands arc large and there
is no velum palati. Oesophagus is muscular, longitudinally folded and the length of
which in general depends on the size of the neck. It frequently posscsses — especially
in birds of prey, but also in granivorous birds — a crop like dilation, in which the food
is softened (Fig. 6.19). In pigeons crop bears two small rounded accessory sacs.

The lower end of oesophagus is dilated into a glandular proventriculus, which is
followed by wide muscular stomach called gizzard. While the proventriculus has. as a
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rule, an oval form and is smaller than the gizzard, the latier is provided with muscular
walls, which are weaker (in birds of prey) or stronger (in granivorous birds) according
to the kind of food eaten. In granivorous birds gizzard is well adapted for mechanical
preparation of the softened food material by the possession of two solid plates, which
form the horny internal wall and work against onc another. It contains small stones
which the bird swallpws to aid in the grinding of the food. The first loop of small
intesting which is corresponding to duodenum surrounds the elongated pancreas. The
ducts of prancreas numbering 1 to 3 as well as the usually double bile ducts, open in
this region. A gall bladder is usually present. The beginning of the short, large intestine
is marked by the préscnce of a circular valve, and by the origin of two caeca; it
presents no distinction between colon and rectum, and it passes into the cloaca, into
which the urinogenital apparatus also opens. At its entrance into the cloaca it penetrates
a sphincter-like circular fold. A peculiar glandular sac the bursa Fabricii-opens into the
dorsal wall of the clpaca. There is no urinary bladder in adults.
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Fig. 6.20 : Digestive tract of pigeon.

Cloaca usually presents three fairly well-marked divisions separated by folds. The
anterior of these, dften called the Coprodaeum is the dilated hind end of the
rectum.The lining of coprodacum is, however, different from that of the rectum from
which it is often separated by a fold. The middle chamber is called the Urodacum: it
is smaller than the other two chambers and receives the openings of the arinogenifal
duct. The posterior chamber which opens by the vent, may be termed the Vestibule: it
receives the bursa [Fabricii dorsally. Most birds are without an organ of copulation,
sperm transfer being effected by a slight eversion of the cloaca. In Ratitae (except
Rheu) there is solid grooved penis attached to the ventral wall of the vestibular
division of the cloaca. 1t is very similar to the corresponding organ of chelonea,
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contains erectile tissue and can be extruded or retracted by special muscles. In birds Digestive System
like Rhea and Anser (duck) birds a very similar organ occurs, but its terminal portion
is invaginated during rest and evaginated in erection like the finger of a glove.

SAQ 3

Match the statement given in cclumn B with the chordate group given in column A.
Column A ; 4 Column B

Fish (i) The lining of the buccal cavity is

produced into sacs, the vocal sacs which
act as resonators.

Amphibians (ii) Salivary glands are absent.

Reptiles (iii) In many genera of several families stomach
is entirely absent.

Birds (iv) True teeth are entirely absent.

6.5 DIGESTIVE SYSTEM IN MAMMALIAN
VERTEBRATES

The feeding or trophic, apparatus of a mammal has teeth, jaws, tongue and digestive
system, and is adapted to its particular feeding habits. On the basis of food habits,
mammals arc divided among several trophic or nutritional groups (Fig. 6.14). The three
basic trophic groups are inscctivores, carnivores and herbivores, but many other feeding
specializations have evolved.

Insectivores are small mammais, usually opportunistic feeders, that feed on a variety of
small invertebrates, such as worms, grubs and insects. Examples are shrews, moles,
anteaters, and most bats. Since insectivores eat little fibrous vegetable matter which
requires prolonged fermentation, their intestinal tract tends to be short (Fig. 6.21). The
insectivorous is not a sharply distinguished category since carnivores and omnivores
often include insects in their diet. Even many rodents which are considered herbivores,
may have a mixed diet of insect larvae, seeds and fruits.

Stomach .
Intestine

Duodenum

Rectum

Anus

Fig. 6.21 : Digestive System of an insectivore showing short intestine no caecum.

Herbivorous mammals which feed on grasses and other vegetation form two main
groups; the browsers and grazers, such as the ungulates, hooved mammals including
horses, deer, antelope, cattle, sheep and goats, and the gnawers such as the rodents
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which include rabbits and hares. In herbivores, the canines are either reduced in size or
may be absent, while the molars that are adapted for grinding, are broad and usually
high-crowned. Rodents have sharp chisel-shaped incisors which grow throughout life
and must be worn away to keep pace with their continuous growth (Fig. 6.12). If the
incisors do not grow continuously, the cutting surface of the teeth will get eroded soon
by its excessive use due its continuous gnawing habit.

Herbivorous mammals have a number of interesting adaptations for dealing with their
fibrous diet of plant food. Cellulose, the structural carbohydrate of plants, is potentially
nutritious foodstuff, composed of long chains of glucose units. However, glucose
molecules in cellulose: are linked by a type of chemical bond that few enzymes can
attack. No vertebrate synthesizes cellulose splitting enzymes. Instead, the herbivores
harbour a microfiora of anaerobic bacteria and protozoa in the gut. These bacteria and
protozoa breakdown and metabolize celiulose, .releasing a variety of fatty acids, sugars,
and starches which the host can absorb and use.

In some of the herbivores like horses, zebras, rabbits, hares, elephants and many
rodents, gut has a spacious side pocket or diverticulum, called a'caecum that serves as
a fermentation chamber and absorptive area (Fig. 6.22 & 6.23). Hares, rabbits and
some rodents often eat their faecal pellets (coprophagy) giving the food a second pass
through the fermentating action of the intestinal bacteria. The coprophagy also provides
an opportunity for the animal to obtain vitamins produced by the bacteria lodged in the
caecum.

Ruminants like cattle; bison, buffalo, goats, antelopes, sheep, deer, giraffes etc. have a
huge four chambered 'stomach (Fig. 6.23). When a ruminant feeds, grass passes down
the oesophagus to the rumen, where it is broken down by the rich microflora and then
formed into small balls of cud. At its leisure the ruminant returns the cud to its mouth
where the cud is deliberately chewed at length to crush the fiber. Swallowed again,
food returns to the rumen where it is digested by the cellulolytic bacteria (Fig. 6.24).
The pulp is then passed on to the reticulum, then to omasum and finally to the
abomasum that is true acid stomach, where proteolytic enzymes are secreted and
normal digestion takes place. In general herbivores having large, long digestive tracts
must eat a considerable amount of plant food to survive. A large African elephant

weighing 6 tons must consume 135 to 150 kg. of rough fodder each day to obtain
sufficient nourishment to survive.
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Fig. 6.22 : Digestive System of a ruminant herbivore (deer) showing four-chambered
stomach with large rumen, and long sized small and large intestines.
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Fig. 6.23 : Digestive System of a non-ruminant herbivore (rabbit) showing simple stomach
and a large caecum.

Carnivorous mammals feed mainly on herbivores. This group includes foxes, dogs,
weasels, wolverines, cats, lions, tigers etc. Carnivores are well equipped with biting and
piercing tecth and powerful clawed limbs for killing the prey. Since their protein diet is
easily digested than is the woody food of herbivores, their digestive tract is shorter and
the caecum is small or absent (Fig. 6.25). Carnivores eat separate meals and have much
more leisure time for play and exploration. '

Generally carnivores lead more active life than do the herbivores. Since a carnivore
must find and catch its prey, there is a premium on speed and intelligence; many
carnivores, such as cats are known for their stealth and cunningness in hunting prey.
This has lead to a selection of herbivores capable either of defending themselves or of
detecting and escaping carnivores. Thus for the herbivores, there has been a premium
on keen senses and agility. Some herbivores, however, survive by virtue of their sheer
size e.g. clephants or by defensive group behaviour for example North American musk
oXen.

Omnivorous mammals live on both plants and animals for food. Examples are pigs,.
racoons, rats, bears and most primates including human beings. Many carnivore forins
also eat fruits, berries and grasses when hard pressed. The fox which usually feeds on
mice, small rodents and birds, eats frozen apples, beech nuts, and corn when its natural
food is scarce. For most mammals, searching for food and eating occupy most of their
active life. Some migratc to regions where food is in plenty, while others- hibernate and
sleep during the winter months. But there arc many provident mammals wlich build up
food stores during period of plenty. This habbit is most pronounced in rodents such as
squirrels, chipmunks, gophers and certain mice.

The mouth in mamnals is bounded by fleshy lips. On the floor of the mouth is
situated a tongue which is usually well developed, but varies in size and shape in
different orders. In some herbivorous animals it can be curled around grass and thus
helps pull it into the mouth. Its surface is covered with papillae of different kinds.
These are sometimes horny, serving either grinding of food, or for the dressing of the
hairy coat. Thus the tongue and lip margins in many mammals are equipped with
raised processes which can be moved up and down along the interspaces of the teeth
{and on the surfaces of the teeth) in a cleansing action. In association with the papillae
of the tongue there are special end organs of taste (taste buds) which are often
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arranged in zones. The sense of taste differs profoundly among various groups. The
roof of the mouth is formed in front by the hard palate, consisting of the horizontal
palatine plates of the maxillary and palatine bones covered with mucous membrane
bearing palatal folds. Behind the hard palate there is a backward projection of the soft
muscular fold of the soft palate which divides the cavity of the pharynx into two upper
and lower chambers. In some forms the soft palate also bears taste buds. In Primates a
free-hanging uvula and soft palate are raised to close off the nasopharynx and prevent
the entrance of food thereto. In front of the opening, leading from the lower division of
the pharynx into the larynx., is a cartilaginous plate called epiglottis a primitive form
of which is found in certain lower vertebrates like frogs. The epiglottis, anatomically
part of the larynx, assists the reflex swallowing mechanism by preventing food from
entering trachea.

(a) Swallow

Oesophagus

Floating plant
material

(c) Remasticate

Fig. 6.24 : Foregut férmentation in the bovine stomach. (4) In ruminants, food is clipped,
rolled into a bolus, mixed with saliva, and swallowed. (b) Contractions spread
through rumen and reticulum in cycles that circulate and mix the bolus.
Contents separate into fluid and particulate material. Floating, fibrous plant
material and a pocket of gas forms during fermentation. (¢) Poorly masticated
boli of plant material are regurgitated and rechewed later to break down fibrous
cell walls mechanically and expose further plant tissue to cellulases. Respiratory
inhalation, without opening the trachea, produces negative pressure around the
oesophagus to draw some of this peorly masticated material into the oesophagus
through the gastroesophageal sphincter. Peristaltic waves moving forward in the
wall of the oesophagus carry the bolus into the mouth for rechewing. (d) The
omasum @ransports reduced bolus from the reticulum to the abomasum in two
phases. First, relaxation of omasal walls produces negative pressure that draws
fine particulate material from the reticulum into its own lumen. Next,
confraction of the omasum forces these particulates into the abomasum, the
stomach region rich in gastric glands. Thus, the abomasum is the first true part
of the stomach.

The oesophagus is a simple, straight tube down which food is propelled bv peristaltic
contractions of the muscular walls, which like the act of swallowing or deglutition, are
reflex and involuntary. The oppositle action, retroperistalsis enables ruminants to
regurgitate stomach content for more leisurely mastication, and many other animals to
expel injurious substances accidentally swallowed. Retroperistalsis in man is sometimes
used by spiritualist’ fakers to regurgitate in dimly lit seances ‘ectoplasm’ i.¢.,
previously swallowed filmy cloth or other material.




Qesophagus

Stomach

Caecum

Anus
Fig. 6.25 : Digestive system of a carnivore showing short intestine and colon, small ceacum,

The stomach varics greatly in different mammalian orders. In majority of mammals it is
relatively simple sac as in rabbit (Fig. 6.26). But in certain groups it is complicated by
the development of internal folds, and may be divided by constrictions into scveral
functionally different chambers. Such complication reaches its extreme in the
Ruminantia especially in the Tylopoda and cetacea. In a typical ruminant (Fig.6.27)
such as sheep or ox stomach is divided into 4 chambers — the rumen (or punch), the
reticulum, psalterium and the abomasum (or rennet stomach). The epithelium of both
rumen and reticulum is highly reminiscent of that of the oesophagus.

Oesophagus cesophageal
\ (cardiac) sphincter

Duodenum

Pyloric

SphiﬂC[CT Pyloric

antrum

Fig. 6.26 : Monogastric stomach showing major parts of the mammalian stomach.

The oesophagus opens into the rumen close to its junction with the reticulum. The
rumen is much larger than the rest. Its mucous membrane is beset with numerous short
villi. The reticulum, which is much smaller than the mamen, has its mucous membrane
raised up into a number of anastomosing ridges. These are capable of closing together
in such a way as to convert the groove into a canal. The mucous membrane of
psalterium is raised up into numerous longitudinal leaf-like folds. The abomasum,
smaller than the rumen but larger than the reticulum, has a smooth vascular and
glandular mucous membrane, Ruminants swallow herbage without mastication. The
habit enables timid herbivores to snatch and swallow at intervals food that can be
digested later in safer circumstances. It has arisen, with convergent specialisations in
the grazing Quokka Wallaby (Fig. 6.28).

Digestive System




Animal Diversity-II Oesophagus /
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Fig. 6.27 : Digastric stomach, A. Sheep stomach characteristic of the Ruminidae, has two
divisions made up of four chambers. The rumen and reticalum make up the
fermentative division. The vmasum and abomasum (true stomach) make up the
digestive division. B. A four chambered stomach where cellulose is digested by
symbiotic microorganism in the multichambered stomach of a cow. Food first
enters the rumen and reticulum where digestion begins. Periodically food is
regurgitated, chewed more and reswallowed. Many products of digestion are
absorbed from the rumen, but rest of the food, together with some of bacteria
which multiply in rumen and reticulum, pass through omasum to abomasum
where protein digestion begins.

In ruminants food is swallowed, saturated by copious salivation and passes into rumen
and reticulum; where it lics until, having finished feeding, the animal begins ruminating
or chewing the cud. In this process, the sodden (soaked through) food is returned in
rounded holuses from the rumen to the mouth. It now undergoes mastication. When
fully masticated it is swallowed again in a semi-fluid condition and, passes along the
groove into the reticulum or over the unmasticated food contained in the latter
chamber, to strain between the leaves of the psalterium (Omasum) and to enter the
abomasum. In some ruminants psalterium is absent. In the rumen and reticulum of
deer, cattle, sheep etc., there exists a dense population of protozoa and bacteria which
attack and break down cellulose which forms the major part of the diet. Fermentation
produces acetic, butyric and propionic acids which are neutralized by sodium
bicarbonate secreted in the saliva. Absorption takes place in the mumen and liberated
gases ¢.g., methane and CO, are regurgitated.
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Digestive System
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Duodenum
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Epthelium’
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Columnar slpithelium

(8)

Oesophageal Groove

Fig. 6.28 : Marsupialis Digestion. A, Digestive system of Kangaroo; B, A ruminant like
digestion has arisen by parallel evolution in the grazing marsupials (e.g. the
Quokka, Sefonix brachyurus) alibough stomach is not divided into four
compartments like that of eutherian mammals. In Sefonix oesophagus leads into
a putative rumen ( I }. An oesophageal groove, by-passing the extensive
sacculated main fermentative region (of tubular glands), passes through an area
of stratified squamous epithelium like that of the rumen, reticulum and omasum
of sheep. Region III may be analogous to the abomasum; the functions of Tl and
IV are still unknown. These and other complexities ave associated with the
possession of a dense bacterial population (demonstrably concerned with fatty
acid production) and a very small caecum.

Food residues fluid and micro-organisms move down the alimentary canal. In the
Omasum fluid is absorbed. In the abomasum, the protozoa and probably the bacteria,
are destroyed by secreted HCL The abomasum also produces digestive enzymes and
further absorption takes place in the small intestine. In ruminants caeccum is relatively
small; in Georgian tumes those of sheep were prepared for use as condoms. In
ruminants the coion too, is comparatively unimportani: but in non-ruminant herbivores
such as horses both caecum and colen are enormous. All material passing from ilcu
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as eight gallons. In horses caecum has fluid storing and digestive functions. The large
colon in horses is principally absorptive in function although some bacterial but not
enzymatic digestion occurs therein. ‘

In camels stomach is not so complicated as in the more typical ruminants. There is no
distinct psalterium, and the rumen is devoid of villi. Both rumen and reticulum have
connected with them a number of pouch like diverticula, the openings of which are
capable of being closed by sphincter muscles. In cetacea stomach is also divided into
compartments. In porpoises (sea animals like a dolphin or a small whale) oesophagus
opens into a spacious rumen, the cardiac compartment of the stomach, which has a
smooth, thick, mucous membrane. This is followed by a second median chamber of
considerably smaller dimensions. This has a glandular mucous membrane, which is
thrown into a number of complex folds. A long and narrow third or pyloric,
compartment follows upon this, terminating in a constricted pyloric aperture. Beyond
this beginning of the:small intestine is dilated into a bulb.

A caecum, situated at the junction of large and small intestine is usually present, but
varies greatly in extent in the different orders and families. In general, it is much larger
in vegetarian than in carnivorous forms. Among herbivores it is those that have a
simple stomach such:as the rabbit, that have the largest caecum (Fig. 6.23). The
hyraxes differ from the rest of the class in the possession of four definite caeca, of
which there is a posterior pair, each carrying a vermiform appendix. The caecum is
simple in monotremes, absent in sloths, some cetaceans and in a few carnivorans. It
is relatively enormous (about 250 cm. long) in the marsupial Koala, Phascolarcios .
(which eats mostly eucalyptus leaves), next relatively largest in two other marsupials
(Trichosurus.,.Didelphys) and big in all phalangers. [n Man and a few other animals
(civets, some rodents, monkeys) the distal end of the caecum has degenerated into an
appendix vermiformis (Fig. 6.29). The proportion of vegetable material ingested is not,
however, the only factor governing the size of the caecum.

Oesophagus

Liver

Stomach

Gall bladder

Ducdenum

Large intestine Pancreas

Small intestine

Caecum

L’..‘/ Rectum

vFig. 6.29 : Digestive tract of man.




The Prototherians resemble, reptiles, birds and Amphibia and differ from most
mammals in the retention of a cloaca. Into this not only rectum but the urinary and the
genital ducts open. In marsupials a common sphincter muscle surrounds both anal and
urinogenital apertures. In female there is a definite cloaca. In nearly all eutherians the
apertures are distinct, and separated from one another by a considerable space the
perinacum.

Associated with the alimentary canal is the liver. It consists of two parts or main
divisions (i.e. right and left) completely separted from one another by a fissure termed
the umbilical, owing to its marking the position of the foetal umbilical vein. When a
gall-bladder is present, as in the case of majority of mammals, it is attached to, or
embedded in, the right central lobe. A gall bladder is absent in the perissodactyles, the
hyracoids and some rodents. However, it is present in fruit-bats (Epomophorus).

SAQ 4
Tick out (V') the correct answer in the box.

i) Which organ in herbivores serves as a fermentation chamber and provides
*  absorptive area ?

(@) Liver
(b) Gall bladder
(c) Pancreas

(d Caecum

HiNjuIn

(i) In which mammals stomach is divided into 4 chambers ?

(a) carnivores
(b) rmminants
(c) rodents

(d) insectivores

HINININ

(i)  In which mammal caecum has fluid storing and digestive fucntions ?

(@ Kangaroo |:|
(b) Lion |:|
(c) Horse |:|
(d Man |:|

(iv)  In which mammals the distal end of the caecum has degenerated into an
appendix vermiformis ?

(@) Horse []
® Man []
() Cow []
(d) Sheep |:|

Digestive System
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Unit 4: Respiratory System

Brief account of gills, lungs, air sacs and swim bladder
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UNIT 7 RESPIRATORY SYSTEM

Structure

7.1 Introduction
Objectives

7.2 Respiratory System of Aquatic Vertebrates
Respiration in Amphioxus
Respiration in Cyclostomes
Respiration in Fishes
Accessory Respiratory Organs in Fishes
Respiration in Aquatic Amphibians
7.3 Respiration in Terrestrial Vertcbrates
Fishes with Lungs
Respiration in Amphibians
Respiration in Reptiles
Respiration in Birds
Respiration in Mammals
7.4 Voice Apparatus Syrinx
7.5 Summary
7.6 Terminal Questions
7.7 Answers

7.1 INTRODUCTION

Every living cell in a living organism consumes oxygen. Oxidation of substances within
the cells results in the liberation of heat and energy and in the production of carbon
dioxide. Carbon dioxide, the end product of respiratory metabolism is continuously
removed from the body. The exchange of oxygen and carbon dioxide between an
organism and its environment is known as respiration.

In vertebrates blood serves to transport oxygen and carbon dioxide. Haemogiobin, the
respiratory piginent present in the blood of all vertebrates binds to oxygen and
transports it from the respiratory structures to the cells and tissues. In vertebrates,
haemoglobin is confined to the red blood corpuscles (RBC) or erythrocytes. RBCs and
blood plasma play important role in the transport of the carbon dioxide. The process by
which oxygen is obtained from the environment by the respiratory structures and its
subsequent transport to the cells and tissues can be referred to as external respiration.
The utilization of oxygen for oxidation of nutrients in cells and tissues may be termed
as internal respiration. Internal respiration has been treated extensively in LSE-01
(Cell Biology) and LSE-05 (Physiclogy) courses. In this unit you will study respiratory
structures that facilitate external respiration.

Objectives

After reading this unit you should be able to :

® describe the various water and air breathing respiratory structuzes of vertebrates,
® cxplain the mechanisms involved in the excliange of gases,

®  describe accessory respiratory organs for air breathing in fishes and buccal
respiration in frog,

@  describe the functions of pharynx, trachea, bronchi and alveoh.

7.2 RESPIRATORY SYSTEM OF AQUATIC
VERTEBRATES

External respiration is facilitated by the respiratory organs, the gills or lungs and in
some cases the skin. For the respiratory organs to function efficiently they must have :

1. a large surface area provided with ample capillary network that has an
access to the environment.



2. a thin and moist membrance surface that facilitates passage of gases. Respiratory System

3. a provision for renewing the supply of oxygen-containing medium, namely,
air or water that comes in contact with respiratory surface and for removing
carbon dioxide that is released from the surface.

With a few exceptions organs of respiration in vertebrates are formed in association
with pharynx. However, a certain fish, the loach has developed a peculiar habit of
swallowing air, passing the air bubble through the intestine, voiding it at thc anus.
Oxygen is absorbed en route by blood vessels in the richly vascular intestine.

In water breathing animals gills are the main respiratory organs. Gills are composed of
numerous gill filaments or gill lamellae, which are thin walled extensions of epithelial
surface. Each gill contains a vascular network. Blood is brought extremcly close to the
surface, thus facilitating ready exchange of gases.

Gills are of two types : (i) external gills and (ii) internal gills.

External gills (Fig.7.1) develop from the integument covering the outer surfaces of
visceral arches. They are usually branched; filamentous structures derived from
ecotoderm. Internal gills (Fig.7.2) are composed of a series of paraliel gill lamellae
although in some forms they may be filamentous. They may be borne on both sides of
the interbranchial septa but in some cases are present on one side alone. A series of
lamellae on one side of an interbranchial septum is terimed a half-gill or hemibranch.
Two hemibranchs are jointed with interbranchial septum to form a complete gill or
holobranch. It is generally assuined that internal gills are derived from endodernn,
although the exact origin is not clear. In some animals both exicrnal and internal gills
are present.

LEAL

\

The functioning of external gills poses no problem since the filamenis are in direct external gill

contact with water containing dissolved oxygen. When internal gills are used in
respiration, water containing dissolved oxygen enters through the mouth and passes
through the intcrnal gill slits into the gill clefts. As the water passes over the gill
lamellae. oxygen is taken from the water and carbon dioxide is released. The water
then passes through the external gills slits to the outside.
Fig.7.1: External gills of a
salamander larva.

Fig. 7.2 : Operculum of a bony fish removed to show internal gills.

SAQ 1
Indicate whether the following statemerits are true or false ;

1. Exiernal respitation would mean utilisation of oxygen for oxidation of
nutrients in ceils and tissues. T/F

2. Cne of the criteria for efficient functioming of the respiratory organs is that the
respiratory suiface shouid be thin and moist to facilitate exchange of gases. T/F

3. Internal gills develop from the integument covering the outer surface of
visceral archcs. T/F

4. Holobranch refers to a series of lamellae on one side of an interbranchial
septum. T/F
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Among hagfishes in Myxine six pairs of internal gills slits and gill pouches are present.
However, only a single pair of external openings exists. A series of long tubes coming
from the gill pouches unite to form a common duct on each side that opens to the
exterior (Fig.7.5).

The external aperture is located near the midventral line at some distance from the
anterior end. This may be of advantage to the animal when it is feeding, or boring its
way into the body of a fish in order to devour the soft internal organs. In myxines, an
oesophageo-cutancous duct connects the oesophagus with the common duct on the left
side. It lies posterior to the last gill pouch on that side and is similar to a gill cleft but
lacks gills. In hagfish of the genus Bdellostoma the number of gill clefts varies from 6-
7 upto 13-14 pairs. The gills clefts connect internally with pharynx and not with a
blind pouch of the type found in the lamprey; and externally- they open separately.

7.2.3 Respiration in Fishes

A series of skeletogenous visceral arches encircles the pharynx of fishes and of
tetrapods. In fishes these arches primarily support the gills. They are located between
the gill clefis, one behind the other at the bases of the interbranchial septa. The first
arch is called maudibular arch; and the second, hyoid arch. The remaining visceral
arches are referred to by numbers (3,4,5,6, etc.). The first gill pouch or cleft lies
between mandibular and hyoid arches and is ofien referred to as the hyomandibular
cleft. In fishes it is either modified to form a spiracle or is closed altogether. The
arrangement of gill arches and gills in elasmobranchs and bony fishes is shown in
Fig. 7.6.

Spiracle

Mandibular arch g_
S N Mandibular arch—E>

Interbranchial septum
: Hyoid arch : '
Hy.md archm }_'0' arc Holobranch
Gill raker Demibranch y
Branchial Arch1 s Branchial Arch 1 y

Holobranch
Branchial Arch If

Branchial Arch 11 ==

Branchial Arch 111

Branchial Arch 1l 3=Z8R B ranchial Arch IV S
Branchial Arch IV N\ Branchial Arch V

C
Branchial Arch V f},\—;\

Fig. 7.6 : Arrangement of gill arches and gills in (a) an elasmorbranch and (b) a teleost.

Gills develop in close association with paired lateral pouches of pharynx, extend
towards the surface of the body and open to the exterior. Each gill pouch thus has an
internal branchial aperture that opens into pharynx and an external branchial aperture
that opens to the outside. The relationship between the pharynx and branchial chamber
is shown in Fig.7.7. The successive gill pouches are separated by interbranchial septa.
Branchial filaments containing blood vessels line gill pouches. The water passing
through the gill chamber bathes the vascularised filaments facilitating respiratory
exchange of gases.

gill pouches

Respiratory. System

Pharynx

external gill
aperture

Fig. 7.5 :Diagram showing the
relation of gill pouches
of the hagfish to the
pharynx and to the
single pair of gill
apertures.
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elongation of the hyoid arch, protects the gills in the branchial chamber which thus Respiratory System
opens to the outside through a single gill aperture. In fishes having an operculum, a

branchiostegal membrane supported by bony branchiostegal rays usually extends for the

inner surface of the operculum to the body wall. Raising the opercula and closing the

branchiostegal folds bring about gill respiration in these fishes. As the water passes

over the gills emerging through the opercular slit oxygen is taken up and carbon

dioxide is liberated. Respiration in fishes thus involves a series of muscular contractions

in the wall of pharynx and mouth, bringing about a flow of water. The act of

inspiration causes water to enter the mouth and pharynx, and expiration results in its

expulsion.
\ Gill raker Gill arch

Gill arch __

Afferent artery

Efferent artery
Gill ray — Afferent artery £ “ Remnant septum
Hemibranch

Fig. 7.9 : Types of gill in fishes (a) elasmobranch (b) teleost.

In most elasmobranchs and in a few other fishes (Acipenser, Polydon, Polypterus), the
first gill pouch has become modified and opens to the outside by means of a spiracle.
Rudimentary gill lamellaec may be located on the anterior wall of the spiracle. Since
blood supply to these lamellae consists of oxygenated blood, they do not perform a
respiratory function and the term false gill or pseudobranch is applied to them. The
spiracles generally open on the top of the head and in some species they are provided
with valves. '

In most bony fishes, a true hemibranch, receiving non-oxygenated blood is lacking on
the posterior side of the hyoid arch. Instead a modified opercular gill or a
pseudobranch, receiving oxygenated blood may be present. Opercular gills of this type
are found in Amia, the Dipnoi and many teleosts, The lamellac of pseudobranch are
shown to contain many receptors and ionocytes (chloride secreting cells). The receptors
respond to changes in blood including partial pressures of oxygen and carbon dioxide,
pH and osmotic pressure. The organ, thus, is comparable to the carotid body of
mammals. Most elasmobranchs have five pairs of clefts in addition to the spiracles.
One form, Hexanchus, has six and another Heptanchus has seven clefts. Heptanchus
also has the largest number of gill clefts of any gnathostome, -Chimaeras have four
pairs of clefts but the spiracle is absent and the last cleft is closed. Polypterus,
Acipenser and Polydon like most elasmobranchs have five pairs of clefts. Dipnoi which
lack spiracles, also show variation in the number of clefts. MNeoceratodus and
Protopterus have five pairs of clefts, but Lepidosiren have only four.

The presence of external gills is rare among fishes. In Polypterus a single pair of
external integumentary gills is present in the region of the hyoid arch. Larval Dipnoi
possess four pairs of external cutaneous gills located on the visceral arches. Most fishes
die soon after being exposed to air, even though their gills are kept moist. Lack of
water in the branchial chambers as well as the accumulation of mucus causes the gills
to stick to each other. With the result the exposed respiratory surface is decreased and
the exchange of gases is no longer adequate. Fresh-water fishes face the problem of -
their environment getting dried up and to overcome this problem, in addition to gills,
they have evolved accessory organs for breathing air. In the following subsection you
will briefly learn about the accessory respiratory structures of certain fresh water fishes.

SAQ 2
Fill in the blanks with suitable words.
1. is the major respiratory organ of Amphioxus.

2. The number of pairs of gill pouches present in lampreys is and in
myxines is 05




Hyomandibular arch ~ Air chamber

Buccal cavity

Gill First Branchial arch

e Fig. 7.11 : The accessory respiratory organ of Ophiocephalus.

In Clarias, the catfish, the highly branched and vascularised paired accessory
respiratory organs are the outgrowths of the gill cavity. The arboriform or dendriform
organs (Fig.7.12) as they are called, are more specifically derived from the upper parts
of the second and fourth branchial arches.

Air chamber

Dendriform organ

First branchial arch  Foyrth branchial arch
Fig. 7.12 : The arboriform accessory respiratory organ of Clarias.

In Amphinous the air chambers (Fig.7.13) arise as saccular outgrowths of dorsal wall of
the pharynx extending as far as the third branchial arch. The walls of the sacs are

folded and vascular. The sacs communicate with pharynx by an opening through which

air is drawn in. The air exits through the gill slits and opercular opening. The gill
filaments of the first gill arches are highly reduced.

Buccal cavity  Gills (reduced)
Fig. 7.13 : The air chamber in Amphipnous.

In Saccobranchus there is a pair of tubular sacs that arise as outgrowths of gill
chambers extending upto the middle of the tail region (Fig.7.14). The folds in these
tubes form a sort of air chamber that communicates with the buccal cavity by a slit.

Respiratory System
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The first and the last are not perforated and only 2, 3, 4 actually connect to the
outside. In certain urodeles all the gill slits persist throughout adult life. in Siren
(7.15a) all the three clefis remain functional. Necturus (7.15b), Typhlorolge and
Proteus possess only two pairs of clefts. In Amphiuma only one pair persists. In
hellbender, Crypfobranchus alleganiensis, when the external gills disappear, the edges
of the operculum fuse to the throat except on the dorsal side, leaving an opening on
either side.

Structures analogous to gills may develop in reptiles, birds and mammals. In reptiles
five pairs of pharyngeal pouches are formed during embryonic life and in birds and
mammals only four develop. In the latter groups a fifth one may also develop, but it
remains rudimentary and attached to the fourth pair. The pouches do not break through
to the outside, but very occasionally, they nay do so. If the pharyngeal pouches fail to
become obliterated in the normal manner, they may lead to the formation of branchial
cysts and fistulae. ' '

Fig. 7.15 : a. Siren and b. Necturus with external gills.

In the latter condition, there is an opening in the neck region, which communicates
with pharynx. In such cases perforated gill clefts have failed to disappear. In fact, gills
do not develop in association with the pharyngeal pouches of reptiles, birds and
mammals. Some transitory structures that appear for a short time during development
as outgrowths of gill pouches in chick embryvos and the zmbrycs of certain turties may
possibly be homologous gills. It is certain that thev have no respiratery function.

SAQ 4

Choose the cotrect answer from the alternatives provided.

1. Most larval amphibians have external gills/internal gills of integumentary type.
2. The internal gills appear appear/disappear at the time of metamorphosis.

3. In a few taillesss amphibians/uradzies, gilis persist throughout adﬁ]t fife.

4. In Proteus only two/three gills clefts remain functional.

\EL

Gills develop/do not develop in association with the pharyngeal pouches of
reptiles, birds and mammals.

7.3 RESPIRATORY SYSTEM IN TERRESTRIAL
VERTEBRATES

In air breathing animals the main respiratory organ is lung. Embryologicaliy, the
diverticulum that grows out ventrally from the fioor of the pharynx posterior tc the last
gill pouch develops into lungs. The diverticulum divide. into twe haives, the lung buds,
which are destined to give rise to the bronchi, and the lungs proper. The lung Luds
grow posteriorly, invested by an envelope of mesoderm, until thev reach their finat
destination in the body. They may branch to varying degrees, depending upor: the
species. The original unpaired duct, which connects the lungs to the pharynx, scrves to
carry air back and forth and is known, in 1nost cases, as windpspe or trachea. 'n most
salientian amphibians the duct is so short as to be practically nonexistent. The trachea
at its lower end divides into twe bronchi which lead directiy 10 the lungs.

Respiratory System
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like cricoid, a pair of small arytenoids and a pair of small prearvicnoids. This chamber Respiratory System
corresponds to the larynx and the trachea of the human body; but the two regions are

short and are not differentiated in frog. The laryngo-tracheal chamber opens in front

into the buccal cavity through glottis. The buccal cavity itself communicates to the

exterior by the mouth as well as the external nostrils. The air passes in and out of the

buccal cavity via the external nostrils.

Therc are two processes involved in pulmonary respiration. One, the drawing in of the
air into lungs — the inspiration and two, the forcing out of air from lungs — the
cxpiration. Inspiration occurs in two stages (Fig.7.18). In the first stage, the cxternal
nostrils are kept open and the mouth is tightly kept closed. The lowering of the floor
of the buccal cavity causes an increase in buccal space. This in turn leads to the
rushing of air from outside into buccal space through external nostrils. The buccal
cavity thus functions as a suction pump. Essentially in the first stage the air is drawn
mto the buccal cavity from outside. In the sccond stage, the valvular external nostrils
as well as the mouth are kept closed. The floor of the buccal cavity is raiscd. The air
in the buccal cavity is under pressure; but the pressure is insufficient to open the
mouth or the pharynx. The air enters the larvngo-iracheal chamber through the glottis.
The elastic wall of the lungs causes the dilation of lungs allowing the entry of air.
Exchange of gases takes place in the alveoli of the lungs. During expiration, the clastic
wall of the lungs recoil expelling the air contained in theni. The air arrives at the
buccal cavity and from there moves outside through the external nostrils,

I'resh air enters nostrils

Fresh air stored in oropharynx Stale air expelled Nostrils closed

Gilottis open Lungs filled trom

“ oropharysx

Lungs cmptied

a. Inspiration begins b. Expiration proceeds c¢. Inspiration completed

Fig. 7.18 : Stages in inspiration of frog (a} first stage (c) sccond stage (b) expiration.

7.3.2 Respiration in Reptiles

In Sphenodon and snakes lungs remain as simple sacs. The posterior third of the lining
of the snake lung is septate and is filled with stored air. In higher lizards, crocodilians
and turtles, the septa arc so constructed that there are numerous large chambers, each
with a multitude of individual subchambers (Fig.7.19). The trachea bifurcates to form
two bronchi, and froin each bronchus arise numerous bronchioles, which lead to the air
chambers. Lungs are spongy because of the numerous pockets of the trapped air.
Volume of lungs is relatively larger than in mammals but the surface arca is somectimes
100 times smaller in proportion to body weight. The purpose of the large volume is to
provide a reservoir of air, useful in diving species for holding breath when startled and
so remaining still. In aquatic forms lungs are often provided with smooth avascularised
air sacs. They are useful for maintaining buoyancy.

The lfeft tung in limbless lizards and in snakes is rudimentary or absent altogether
except in occasional forms such as black snakes. In puffing adder an enormous
diverticulum of the left lung extends into the neck region. Inflation of the diverticulum
causes the neck to spread characteristically, and inflation of the lungs causes the body
to swell. In the spotted king snake, the lung and its bronchus extend fully two-thirds
the length of the body.

The oxygen requirement of reptiles is relatively low, Their standard metabotic rate is
only 10 to 20 percent of that in homeotherms. Most reptiles are therefore incapable of

sustained activity. Their movements are in short bursts during which their muscles
-1




invade most parts of the body; (ii) the anastomosing of the air ducts within the lungs Respiratory System
so that no passage terminates blindly within the lungs and (iii) the isolation of lungs in

pleural cavities. The air sacs are blind thin walled, distensible diverticula of the lungs

that invade most parts of the body (Fig.7.20).

Cervical sac

Interclavicular sac

Posterior thoracic sac Abdominal sac

Fig. 7.20 : The Jungs and air sacs of a bird. The main bronchus runs through the lung and
has connections to air sacs and lung,

The glottis leads into the larynx, the walls of which are supported by paired arytenoid
and cricoid cartilage. The larynx is followed by a long trachea, which is supported by
complete rings formed of ossified cartilage. The trachea divides into two bronchi, - Larynx
which by a peculiar system of branching gives rise to lungs and air sacs. The primary
bronchus of each side enters the medioventral side of the lung and is dilated into a
vesicle. From there it continues as mesobronchus into the distal end of the lung (Fig.
7.21). The mesobronchus gives rise to secondary bronchi that are variously termed as
ectobronchus, endobronchus, laterobronchus and dorsibronchus depending on their
position. The secondary bronchi further branch and give rise to tertiary bronchi or
parabronchi which divide and subdivide into a system of bronchioles. The bronchioles
form a system of air capillaries that are surrounded by blood capilaries. These are the
sites at which the exchange of gases takes place. The tertiary broncni are connected
with one another and are responsible for the circulation of pure air in the lungs.
Structures known as ‘recurrent bronchi’, which arise as outgrowths of air sacs, connect
the lungs with the air sacs.

Lungs are small spongy inelastic organs. The thin walled air sacs are divided into two
sets of chambers, the posterior inspirgtory char'nbe.rs and the ar.uerior expirato'ry Fig 7.21 : The respiratory system
chambers. The abdominal and posterior thoracic air sacs constitute the posterior of a bird. .
chambers and they are filled with air rushing into them through primary bronchus. The

anterior thoracic, median interclavicular and cervical air sacs constitute the anterior set

of air sacs. These air sacs continue as spaces in the bones. During inspiration some of

the air passes directly to the posterior sacs. Another part passes into secondary and

tertiary bronchi and into the air sacs indirectly. During expiration the air again passcs

through the tertiaries and secondaries and then into anterior sacs and trachea (Fig.

7.22). The posterior sacs contain 4% CO, and 17% O, and in the anterior sacs it is 7

and 14% respectively. The blood vessels are so arranged that the air richest in oxygen

meets the blood just before it leaves the lungs. Thus a system of cross currents allows

the blood to become fully oxygenated (Fig.7.23).

The lungs of birds are capable of little expansion, as they are attached to the ribs and
thoracic vertebrae. The raising of the sternum when the animal is at rest, and lowering
of the backbone when the animal is in flight diminishes the size of the body cavity,
leading to the forcing of the air outside (expiration). Thus expiration is an active
process in birds. Inspiration is a process, brought about by the rebounding of the
muscles to their original size, causing an increase in the size of the body cavity.
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7.3.2 Respiration in Mammals

Mammals have a pair of lungs enclosed in a thoracic cavity. The bony framework of
the thoracic cavity is formed of thoracic vertebrae, ribs and sternum. The lungs of the
mammals are multichambered and usually divided into lobes. Usually the right side has
more lobes than the left side. Man has three right and two left lobes (Fig.7.24). Rabbits
have three lobes on each side, but the right posterior lobe is subdivided. Cats have
three left fobes and four right ones, and several are subdivided. The lungs of whales,
sea cows, elephants, and perissodactyls lack lobes. In monotremes and rats only the

right lung is lobed.
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Fig.7.24 : The "human lungs.

The air from outside passes through the external nostrils and nasal passages into
pharynx. From the pharynx it passes through the glottis into trachea. The trachea is a
long tube that traverses the neck and lies ventral to gullet. The anterior past of the
terachea is enlarged to from the voice box or larynx. The larynx has its walls
supported by four cartilagenous plates. The thyroid cartilage supports the ventral and
lateral walls of cartilage; the lower part of the trachea is supported by the ring-like
cricoid; and a pair of arytenoids supports the dorsal part. The vocal cords are located
inside the larynx and the vibrations of the vocal cords results in the production of the
sound. The trachea bifurcates into two primary bronchi. Each primary bronchus enters
into lungs and branches into secondary and tertiary bronchi, and finally into
bronchioles. Terminal bronchioles lead into thin walled delicate alveolar ducts, the
walls of which are evaginated to form clusters of alveoli.

Each lung is enclosed in plenral cavity formed by two thin layers of walls. There is an
outer parietal layer lining the cavity of the thorax and an inner visceral layer forming
an investment to the lung. The parietal layer is reflected ventrally and is continuous -
with the visceral layer. The reflected layer of the parictal layer is continuous with
pericardium (Fig. 7.25a and b). The cavity of thorax is thus divided into pleural
cavities that enclose lungs and the pericardial cavity that contains heart. The space

between the two lungs is the mediastinum.

Larynx
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Pleural cavity

Spinal cord
Vertebra’
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Heart ¥ Body wall
Mediastinum /. Heart
; : Mediastinum
Pericardium Sternum

(a) -

!(b)

Fig 725 - {a) The resniratorv oreans of 2 rabbit (b) Transverse section throuch thorax.

Respiratory System
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Many tetrapods are voiceless in a true sense. This is particularly true of salamanders Respiratory System
and apodans among the amphibians and of the great majority of reptiles, although

certain of these forms can make hissing or roaring noises by a violent expulsion of air

through the glottis. In frogs, toads, a few lizards and notably mammals larynx is a

vocal organ. Voice production is accomplished through the presence of a pair of vocal

cords, ridges containing an elastic tissue, which are stretched across the larynx. The

two cords can be set’in vibration by the passage of a current of expired air between

them. :

In birds larynx is present, but lacks vocal cords, and voice production takes place in a
special organ called the syrinx. This is strucutre somewhat comparable to the larynx,
but situated farther down the air passage typically at the point on which the trachea
divides into the two major bronchi.

Epiglottis
Greater horn

of hyoid

Hyoid b
Superior horn of yoid bone

hyoid cartilege i-Thyrohyoid ligament

Cricothyroid ligament

Tracheal ring

Fig. 7.26 : Human larynx-frontal view.

7.4.2 Syrinx

At the bronchial bifurcation is a small or large syrinx, a special voice box found only Trachea

in birds (Fig. 7.27). There are three types of syrinx : bronchotracheal, tracheal, and

broncheal. In the bronchotracheal type of syrinx the last several tracheal rings support

the walls of an expanded resonating chamber (tympanus), into which project TN \
membranous folds of the lining of the syrinx. A bony structure bearing a semilunar | o= -‘)" Syrinx
membrance may be present within the chamber. When air is expelled from the lungs 7/

and the striated syringeal muscles are contracted, the membranes become taut and bird ~ Pessulus

calls and songs are produced. The bronchotracheal syrinx may be median or
asymmetrical.

The other two types of syringes are simpler. In the tracheal syrinx the- lateral portions — Left bronchus

of the last several tracheal rings are absent and the resulting membranous wall vibrates
and thereby produces the sound. In the broncheal syrinx, the membrane between two

bronclheal cartilages becomes folded inte the lumen of the bronchus. When the Fig. 7.27 : The voice box of a
cartilages are drawn together vibrations of the simple vocal cord produces sound. bird.
SAQ 6

Fill in the blanks with suitable words.

1) Larynx is an enlarged at the beginning of trachea and it was is
supported by

ii) Among amphibians __ and are voiceless.
i) In birds larynx is present but lacks

Iv) Syrinx is situated at the and is found onily in

v) Vibration of produces sound.




AIlr sac

Air sacs are spaces within an organism where there is the constant presence of air.
Among modern animals, birds possess the most air sacs (9—11), with their extinct
dinosaurian relatives showing a great increase in the pneumatization (presence of
air) in their bones. Theropods, like Aerosteon, have many air sacs in the body that
are not just in bones, and they can be identified as the more primitive form of
modern bird airways. Sauropods are well known for the amount of air pockets in
their bones (especially vertebra), although one theropod, Deinocheirus, shows a
rivalling amount of air pockets.

Functions

Exhalation

Birds' lungs obtain fresh air during both exhalation and inhalation, because the air sacs do all the
"pumping" and the lungs simply absorb oxygen.

From about 1870 onwards scientists have generally agreed that the post-cranial
skeletons of many dinosaurs contained many air-filled cavities (postcranial skeletal
pneumaticity), especially in the vertebrae. Pneumatization of the skull (such as
paranasal sinuses) is found in both synapsids and archosaurs, but postcranial
pneumatization is found only in birds, non-avian saurischian dinosaurs, and
pterosaurs.

For a long time these cavities were regarded simply as weight-saving devices, but
Bakker proposed that they were connected to air sacs like those that make birds'
respiratory systems the most efficient of all animals'.


https://en.wikipedia.org/wiki/File:BirdRespiration.svg

John Ruben et al. (1997, 1999, 2003, 2004) disputed this and suggested that
dinosaurs had a "tidal" respiratory system (in and out) powered by a crocodile-like
hepatic piston mechanism — muscles attached mainly to the pubis pull the liver
backwards, which makes the lungs expand to inhale; when these muscles relax, the
lungs return to their previous size and shape, and the animal exhales. They also
presented this as a reason for doubting that birds descended from dinosaurs.

Critics have claimed that, without avian air sacs, modest improvements in a few
aspects of a modern reptile's circulatory and respiratory systems would enable the
reptile to achieve 50% to 70% of the oxygen flow of a mammal of similar size, and
that lack of avian air sacs would not prevent the development of endothermy. Very
few formal rebuttals have been published in scientific journals of Ruben ef al.’s
claim that dinosaurs could not have had avian-style air sacs; but one points out that
the Sinosauropteryx fossil on which they based much of their argument was
severely flattened and therefore it was impossible to tell whether the liver was the
right shape to act as part of a hepatic piston mechanism. Some recent papers
simply note without further comment that Ruben et al. argued against the presence
of air sacs in dinosaurs.

Function

Exhalation

Birds' lungs obtain fresh air during both exhalation and inhalation, because the air
sacs do all the "pumping" and the lungs simply absorb oxygen.


https://en.wikipedia.org/wiki/File:BirdRespiration.svg

Functions

From about 1870 onwards scientists have generally agreed that the post-cranial
skeletons of many dinosaurs contained many air-filled cavities (postcranial skeletal
pneumaticity), especially in the vertebrae. Pneumatization of the skull (such as
paranasal sinuses) is found in both synapsids and archosaurs, but postcranial
pneumatization is found only in birds, non-avian saurischian dinosaurs, and
pterosaurs.

For a long time these cavities were regarded simply as weight-saving devices, but
Bakker proposed that they were connected to air sacs like those that make birds'
respiratory systems the most efficient of all animals'.

John Ruben et al. (1997, 1999, 2003, 2004) disputed this and suggested that
dinosaurs had a "tidal" respiratory system (in and out) powered by a crocodile-like
hepatic piston mechanism — muscles attached mainly to the pubis pull the liver
backwards, which makes the lungs expand to inhale; when these muscles relax, the
lungs return to their previous size and shape, and the animal exhales. They also
presented this as a reason for doubting that birds descended from dinosaurs.

Critics have claimed that, without avian air sacs, modest improvements in a few
aspects of a modern reptile's circulatory and respiratory systems would enable the
reptile to achieve 50% to 70% of the oxygen flow of a mammal of similar size, and
that lack of avian air sacs would not prevent the development of endothermy. Very
few formal rebuttals have been published in scientific journals of Ruben et al.’s
claim that dinosaurs could not have had avian-style air sacs; but one points out that
the Sinosauropteryx fossil on which they based much of their argument was
severely flattened and therefore it was impossible to tell whether the liver was the
right shape to act as part of a hepatic piston mechanism. Some recent papers
simply note without further comment that Ruben et al. argued against the presence
of air sacs in dinosaurs.

Evidence

Researchers have presented evidence and arguments for air sacs in sauropods,
"prosauropods", coelurosaurs, ceratosaurs, and the theropods Aerosteon and
Coelophysis.

In advanced sauropods ("neosauropods") the vertebrae of the lower back and hip
regions show signs of air sacs. In early sauropods only the cervical (neck)
vertebrae show these features. If the developmental sequence found in bird



embryos is a guide, air sacs actually evolved before the channels in the skeleton
that accommodate them in later forms.

Comparison between the air sacs of Majungasaurus and a bird

Evidence of air sacs has also been found in theropods. Studies indicate that fossils
of coelurosaurs, ceratosaurs, and the theropods Coelophysis and Aerosteon exhibit
evidence of air sacs. Coelophysis, from the late Triassic, is one of the earliest
dinosaurs whose fossils show evidence of channels for air sacs. Aerosteon, a Late
Cretaceous allosaur, had the most bird-like air sacs found so far.

Early sauropodomorphs, including the group traditionally called "prosauropods",
may also have had air sacs. Although possible pneumatic indentations have been
found in Plateosaurus and Thecodontosaurus, the indentations are very small. One
study in 2007 concluded that prosauropods likely had abdominal and cervical air
sacs, based on the evidence for them in sister taxa (theropods and sauropods). The
study concluded that it was impossible to determine whether prosauropods had a
bird-like flow-through lung, but that the air sacs were almost certainly present.!'®
A further indication for the presence of air sacs and their use in lung ventilation
comes from a reconstruction of the air exchange volume (the volume of air
exchanged with each breath) of Plateosaurus, which when expressed as a ratio of
air volume per body weight at 29 ml/kg is similar to values of geese and other
birds, and much higher than typical mammalian values.

So far no evidence of air sacs has been found in ornithischian dinosaurs. But this
does not imply that ornithischians could not have had metabolic rates comparable
to those of mammals, since mammals also do not have air sacs.

Development

Three explanations have been suggested for the development of air sacs in
dinosaurs:


https://en.wikipedia.org/wiki/File:Dino_bird_h.jpg

o Increase in respiratory capacity. This is probably the most common
hypothesis, and fits well with the idea that many dinosaurs had fairly high
metabolic rates.

« Improving balance and maneuvrability by lowering the center of gravity and
reducing rotational inertia. However this does not explain the expansion of
air sacs in the quadrupedal sauropods.

« As acooling mechanism. It seems that air sacs and feathers evolved at about
the same time in coelurosaurs. If feathers retained heat, their owners would
have required a means of dissipating excess heat. This idea is plausible but
needs further empirical support.

Calculations of the volumes of various parts of the sauropod Apatosaurus’
respiratory system support the evidence of bird-like air sacs in sauropods:

o Assuming that Apatosaurus, like dinosaurs' nearest surviving relatives
crocodilians and birds, did not have a diaphragm, the dead-space volume of
a 30-ton specimen would be about 184 liters. This is the total volume of the
mouth, trachea and air tubes. If the animal exhales less than this, stale air is
not expelled and is sucked back into the lungs on the following inhalation.

« [Estimates of its tidal volume — the amount of air moved into or out of the
lungs in a single breath — depend on the type of respiratory system the
animal had: 904 liters if avian; 225 liters if mammalian; 19 liters if reptilian.

On this basis, Apatosaurus could not have had a reptilian respiratory system, as its
tidal volume would have been less than its dead-space volume, so that stale air was
not expelled but was sucked back into the lungs. Likewise, a mammalian system
would only provide to the lungs about 225 — 184 =41 liters of fresh, oxygenated
air on each breath. Apatosaurus must therefore have had either a system unknown
in the modern world or one like birds', with multiple air sacs and a flow-through
lung. Furthermore, an avian system would only need a lung volume of about
600 liters while a mammalian one would have required about 2,950 liters, which
would exceed the estimated 1,700 liters of space available in a 30-ton Apatosaurus’
chest.

Dinosaur respiratory systems with bird-like air sacs may have been capable of
sustaining higher activity levels than mammals of similar size and build can
sustain. In addition to providing a very efficient supply of oxygen, the rapid
airflow would have been an effective cooling mechanism, which is essential for
animals that are active but too large to get rid of all the excess heat through their
skins.



The palaeontologist Peter Ward has argued that the evolution of the air sac system,
which first appears in the very earliest dinosaurs, may have been in response to the
very low (11%) atmospheric oxygen of the Carnian and Norian ages of the Triassic
Period.

The uncinate processes are the small white spurs about halfway along the ribs. The
rest of this diagram shows the air sacs and other parts of a bird's respiratory
system:1 cervical air sac, 2 clavicular air sac, 3 cranial thoracal air sac, 4 caudal
thoracal air sac, 5 abdominal air sac (5' diverticulus into pelvic girdle), 6 lung, 7
trachea


https://en.wikipedia.org/wiki/File:Airsacs-bird.jpg

Swim Bladder

The swim bladder, gas bladder, fish maw, or air bladder is an internal gas-filled
organ that contributes to the ability of many bony fish (but not cartilaginous fish)
to control their buoyancy, and thus to stay at their current water depth without
having to waste energy in swimming. Also, the dorsal position of the swim bladder
means the center of mass is below the center of volume, allowing it to act as a
stabilizing agent. Additionally, the swim bladder functions as a resonating
chamber, to produce or receive sound.

The swim bladder is evolutionarily homologous to the lungs. Charles Darwin
remarked upon this in On the Origin of Species. Darwin reasoned that the lung in
air-breathing vertebrates had derived from a more primitive swim bladder.

In the embryonic stages, some species, such as redlip blenny, have lost the swim
bladder again, mostly bottom dwellers like the weather fish. Other fish—Ilike the
opah and the pomfret—use their pectoral fins to swim and balance the weight of
the head to keep a horizontal position. The normally bottom dwelling sea robin can
use their pectoral fins to produce lift while swimming.

The gas/tissue interface at the swim bladder produces a strong reflection of sound,
which is used in sonar equipment to find fish.

Cartilaginous fish, such as sharks and rays, do not have swim bladders. Some of
them can control their depth only by swimming (using dynamic lift); others store
fats or oils with density less than that of seawater to produce a neutral or near
neutral buoyancy, which does not change with depth.

Internal positioning of  the swim  bladder of a  bleak
S: anterior, S": posterior portion of the air bladder
ce: cesophagus; 1: air passage of the air bladder.


https://en.wikipedia.org/wiki/File:Air_bladder_in_a_bleak.jpg

Structure and function
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Swim bladder from a bony (teleost) fish

How gas is pumped into the swim bladder using counter-current exchange.

The swim bladder normally consists of two gas-filled sacs located in the dorsal
portion of the fish, although in a few primitive species, there is only a single sac. It
has flexible walls that contract or expand according to the ambient pressure. The
walls of the bladder contain very few blood vessels and are lined with guanine
crystals, which make them impermeable to gases. By adjusting the gas pressurising
organ using the gas gland or oval window the fish can obtain neutral buoyancy and
ascend and descend to a large range of depths. Due to the dorsal position it gives

the fish lateral stability.


https://en.wikipedia.org/wiki/File:Oste023c_labelled.png
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In physostomous swim bladders, a connection is retained between the swim
bladder and the gut, the pneumatic duct, allowing the fish to fill up the swim
bladder by "gulping" air. Excess gas can be removed in a similar manner.

In more derived varieties of fish (the physoclisti) the connection to the digestive
tract is lost. In early life stages, these fish must rise to the surface to fill up their
swim bladders; in later stages, the pneumatic duct disappears, and the gas gland
has to introduce gas (usually oxygen) to the bladder to increase its volume and thus
increase buoyancy. In order to introduce gas into the bladder, the gas gland
excretes lactic acid and produces carbon dioxide. The resulting acidity causes the
hemoglobin of the blood to lose its oxygen (Root effect) which then diffuses partly
into the swim bladder. The blood flowing back to the body first enters a rete
mirabile where virtually all the excess carbon dioxide and oxygen produced in the
gas gland diffuses back to the arteries supplying the gas gland. Thus a very high
gas pressure of oxygen can be obtained, which can even account for the presence
of gas in the swim bladders of deep sea fish like the eel, requiring a pressure of
hundreds of bars. Elsewhere, at a similar structure known as the oval window, the
bladder is in contact with blood and the oxygen can diffuse back out again.
Together with oxygen, other gases are salted out in the swim bladder which
accounts for the high pressures of other gases as well.

The combination of gases in the bladder varies. In shallow water fish, the ratios
closely approximate that of the atmosphere, while deep sea fish tend to have higher
percentages of oxygen. For instance, the eel Synaphobranchus has been observed
to have 75.1% oxygen, 20.5% nitrogen, 3.1% carbon dioxide, and 0.4% argon in
its swim bladder.

Physoclist swim bladders have one important disadvantage: they prohibit fast
rising, as the bladder would burst. Physostomes can "burp" out gas, though this
complicates the process of re-submergence.

The swim bladder in some species, mainly fresh water fishes (common carp,
catfish, bowfin) is interconnected with the inner ear of the fish. They are connected
by four bones called the Weberian ossicles from the Weberian apparatus. These
bones can carry the vibrations to the saccule and the lagena (anatomy). They are
suited for detecting sound and vibrations due to its low density in comparison to
the density of the fish's body tissues. This increases the ability of sound detection.
The swim bladder can radiate the pressure of sound which help increase its
sensitivity and expand its hearing. In some deep sea fishes like the Antimora, the
swim bladder maybe also connected to the macula of saccule in order for the inner



ear to receive a sensation from the sound pressure. In red-bellied piranha, the swim
bladder may play an important role in sound production as a resonator. The sounds
created by piranhas are generated through rapid contractions of the sonic muscles
and is associated with the swim bladder.

Teleosts are thought to lack a sense of absolute hydrostatic pressure, which could
be used to determine absolute depth. However, it has been suggested that teleosts
may be able to determine their depth by sensing the rate of change of swim-bladder
volume.

Evolution

Swim bladders are evolutionarily closely related (i.e., homologous) to lungs.
Traditional wisdom has long held that the first lungs, simple sacs connected to the
gut that allowed the organism to gulp air under oxygen-poor conditions, evolved
into the lungs of today's terrestrial vertebrates and some fish (e.g., lungfish, gar,
and bichir) and into the swim bladders of the ray-finned fish. In 1997, Farmer
proposed that lungs evolved to supply the heart with oxygen. In fish, blood
circulates from the gills to the skeletal muscle, and only then to the heart. During
intense exercise, the oxygen in the blood gets used by the skeletal muscle before
the blood reaches the heart. Primitive lungs gave an advantage by supplying the
heart with oxygenated blood via the cardiac shunt. This theory is robustly
supported by the fossil record, the ecology of extant air-breathing fishes, and the
physiology of extant fishes. In embryonal development, both lung and swim
bladder originate as an out pocketing from the gut; in the case of swim bladders,
this connection to the gut continues to exist as the pneumatic duct in the more
"primitive" ray-finned fish, and is lost in some of the more derived teleost orders.
There are no animals which have both lungs and a swim bladder.

The cartilaginous fish (e.g., sharks and rays) split from the other fishes about 420
million years ago, and lack both lungs and swim bladders, suggesting that these
structures evolved after that split. Correspondingly, these fish also have both
heterocercal and stiff, wing-like pectoral fins which provide the necessary lift
needed due to the lack of swim bladders. Teleost fish with swim bladders have
neutral buoyancy, and have no need for this lift.

Sonar reflectivity

The swim bladder of a fish can strongly reflect sound of an appropriate frequency.
Strong reflection happens if the frequency is tuned to the volume resonance of the



swim bladder. This can be calculated by knowing a number of properties of the
fish, notably the volume of the swim bladder, although the well-accepted method
for doing so requires correction factors for gas-bearing zooplankton where the
radius of the swim bladder is less than about 0.05 m. This is important, since sonar
scattering is used to estimate the biomass of commercially- and environmentally-
important fish species.

Deep scattering layer

Sonar operators, using the newly developed sonar technology during World War 11,
were puzzled by what appeared to be a false sea floor 300—-500 metres deep at day,
and less deep at night. This turned out to be due to millions of marine organisms,
most particularly small mesopelagic fish, with swim bladders that reflected the
sonar. These organisms migrate up into shallower water at dusk to feed on
plankton. The layer is deeper when the moon is out, and can become shallower
when clouds obscure the moon.

Most mesopelagic fish make daily vertical migrations, moving at night into the
epipelagic zone, often following similar migrations of zooplankton, and returning
to the depths for safety during the day. These vertical migrations often occur over
large vertical distances, and are undertaken with the assistance of a swim bladder.
The swim bladder is inflated when the fish wants to move up, and, given the high
pressures in the mesoplegic zone, this requires significant energy. As the fish
ascends, the pressure in the swim bladder must adjust to prevent it from bursting.
When the fish wants to return to the depths, the swimbladder is deflated. Some
mesopelagic fishes make daily migrations through the thermocline, where the
temperature changes between 10 and 20 °C, thus displaying considerable tolerance
for temperature change.

Sampling via deep trawling indicates that lanternfish account for as much as 65%
of all deep sea fish biomass. Indeed, lanternfish are among the most widely
distributed, populous, and diverse of all vertebrates, playing an important
ecological role as prey for larger organisms. The estimated global biomass of
lanternfish 1s 550-660 million metric tonnes, several times the entire world
fisheries catch. Lanternfish also account for much of the biomass responsible for
the deep scattering layer of the world's oceans. Sonar reflects off the millions of
lanternfish swim bladders, giving the appearance of a false bottom.
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