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COMPARATIVE PHYSIOLOGY OF 
NUTRITION AND DIGESTION

Animals obtain their nutrition from the consumption of other organisms.
Depending on their diet, animals can be classified into the following categories:
plant eaters (herbivores), meat eaters (carnivores), and those that eat both plants
and animals (omnivores).

Herbivores are animals whose primary food source is plant-based. Examples of
herbivores, include vertebrates like deer, koalas, and some bird species, as well asherbivores, include vertebrates like deer, koalas, and some bird species, as well as
invertebrates such as crickets and caterpillars.
Carnivores are animals that eat other animals. The word carnivore is derived
from Latin and literally means “meat eater.” Wild cats such as lions, tigers are
examples of vertebrate carnivores, as are snakes and sharks, while invertebrate
carnivores include sea stars, spiders, and ladybugs
Omnivores are animals that eat both plant- and animal-derived food. In Latin,
omnivore means to eat everything. Humans, bears, and chickens are example of
vertebrate omnivores; invertebrate omnivores include cockroaches and crayfish.



Invertebrate Digestive Systems

Animals have evolved different types of digestive systems to aid in the digestion of the
different foods they consume.
 The simplest example is that of a gastrovascular cavity and is found in organisms with
only one opening for digestion. Platyhelminthes (flatworms), Ctenophora (comb jellies), and
Cnidaria (coral, jelly fish, and sea anemones) use this type of digestion. Gastrovascular
cavities are typically a blind tube or cavity with only one opening, the “mouth”, which also
serves as an “anus”.
 Ingested material enters the mouth and passes through a hollow, tubular cavity. Cells
within the cavity secrete digestive enzymes that break down the food. The food particles arewithin the cavity secrete digestive enzymes that break down the food. The food particles are
engulfed by the cells lining the gastrovascular cavity.
 Earthworms are an example of an animal with an alimentary canal. Once the food is
ingested through the mouth, it passes through the esophagus and is stored in an organ called
the crop; then it passes into the gizzard where it is churned and digested.
 From the gizzard, the food passes through the intestine, the nutrients are absorbed, and the
waste is eliminated as feces, called castings, through the anus.





Vertebrate Digestive Systems
Vertebrates have evolved more complex digestive systems to adapt to their dietary needs.
Some animals have a single stomach, while others have multi-chambered stomachs. Birds
have developed a digestive system adapted to eating unmasticated food.
Monogastric: Single-chambered Stomach
As the word monogastric suggests, this type of digestive system consists of one (“mono”)
stomach chamber (“gastric”). Humans and many animals have a monogastric digestive
system.
 The process of digestion begins with the mouth and the intake of food. The teeth play an
important role in masticating (chewing) or physically breaking down food into smaller
particles.particles.
 The enzymes present in saliva also begin to chemically break down food. The esophagus is
a long tube that connects the mouth to the stomach.
 Using peristalsis, or wave-like smooth muscle contractions, the muscles of the esophagus
push the food towards the stomach. In order to speed up the actions of enzymes in the
stomach, the stomach is an extremely acidic environment. The gastric juices, which include
enzymes in the stomach, act on the food particles and continue the process of digestion.
Further breakdown of food takes place in the small intestine where enzymes produced by the
liver, the small intestine, and the pancreas continue the process of digestion. The nutrients are
absorbed into the blood stream across the epithelial cells lining the walls of the small
intestines. The waste material travels on to the large intestine where water is absorbed and the
drier waste material is compacted into feces; it is stored until it is excreted through the
rectum.



MONOGASTRIC SYSTEM IN HUMAN AND RABBIT



AVIAN DIGESTIVE SYSTEM
 Birds face special challenges when it comes to
obtaining nutrition from food.
 They do not have teeth and so their digestive
system, must be able to process un-masticated
food.
 Birds have evolved a variety of beak types that
reflect the vast variety in their diet, ranging from
seeds and insects to fruits and nuts.
 Because most birds fly, their metabolic rates are
high in order to efficiently process food and keephigh in order to efficiently process food and keep
their body weight low.
 The stomach of birds has two chambers:
the proventriculus, where gastric juices are
produced to digest the food before it enters the
stomach, and the gizzard, where the food is stored,
soaked, and mechanically ground. The undigested
material forms food pellets that are sometimes
regurgitated.
Most of the chemical digestion and absorption
happens in the intestine and the waste is excreted
through the cloaca.



PARTS OF DIGESTIVE SYSTEM

Oral Cavity

 The oral cavity, or mouth, is the point of entry of food into the digestive system.
 The food consumed is broken into smaller particles by mastication, the chewing action of
the teeth..
 The extensive chemical process of digestion begins in the mouth. As food is being
chewed, saliva, produced by the salivary glands, mixes with the food. Saliva contains mucus
that moistens food and buffers the pH of the food.
 Saliva contains an enzyme called salivary amylase that begins the process of converting
starches in the food into a disaccharide called maltose.starches in the food into a disaccharide called maltose.
Another enzyme called lipase is produced by the cells in the tongue. Lipases are a class of
enzymes that can break down triglycerides.
 The lingual lipase begins the breakdown of fat components in the food. The chewing and
wetting action provided by the teeth and saliva prepare the food into a mass called
the bolus for swallowing.
 The tongue helps in swallowing—moving the bolus from the mouth into the pharynx. The
pharynx opens to two passageways: the trachea, which leads to the lungs, and the esophagus,
which leads to the stomach.



Esophagus

The esophagus is a tubular organ that connects the mouth to the stomach. The chewed and
softened food passes through the esophagus after being swallowed.
The smooth muscles of the esophagus undergo a series of wave like movements
called peristalsis that push the food toward the stomach.
The peristalsis wave is unidirectional—it moves food from the mouth to the stomach, and
reverse movement is not possible.
The peristaltic movement of the esophagus is an involuntary reflex; it takes place in
response to the act of swallowing.
A ring-like muscle called a sphincter forms valves in the digestive system. The gastro-A ring-like muscle called a sphincter forms valves in the digestive system. The gastro-
esophageal sphincter is located at the stomach end of the esophagus.
In response to swallowing and the pressure exerted by the bolus of food, this sphincter
opens, and the bolus enters the stomach.
When there is no swallowing action, this sphincter is shut and prevents the contents of the
stomach from traveling up the esophagus.



Stomach

A large part of digestion occurs in the stomach.
 The stomach is a saclike organ that secretes gastric digestive juices. The pH in the
stomach is between 1.5 and 2.5.
 This highly acidic environment is required for the chemical breakdown of food and the
extraction of nutrients. When empty, the stomach is a rather small organ; however, it can
expand to up to 20 times its resting size when filled with food.
 The stomach is also the major site for protein digestion in animals other than ruminants.
Protein digestion is mediated by an enzyme called pepsin in the stomach chamber.
 Pepsin is secreted by the chief cells in the stomach in an inactive form Pepsin is secreted by the chief cells in the stomach in an inactive form
called pepsinogen. Pepsin breaks peptide bonds and cleaves proteins into smaller
polypeptides; it also helps activate more pepsinogen, starting a positive feedback mechanism
that generates more pepsin.
Another cell type—parietal cells—secrete hydrogen and chloride ions, which combine in
the lumen to form hydrochloric acid, the primary acidic component of the stomach juices.
Hydrochloric acid helps to convert the inactive pepsinogen to pepsin.
 The highly acidic environment also kills many microorganisms in the food and, combined
with the action of the enzyme pepsin, results in the hydrolysis of protein in the food.
Chemical digestion is facilitated by the churning action of the stomach.
 Contraction and relaxation of smooth muscles mixes the stomach contents about every 20
minutes. The partially digested food and gastric juice mixture is called chyme.





Small Intestine

 Chyme moves from the stomach to the small intestine.
 The small intestine is the organ where the digestion of protein, fats, and
carbohydrates is completed.
 The small intestine is a long tube-like organ with a highly folded surface containing
finger-like projections called the villi.
 The apical surface of each villus has many microscopic projections called microvilli.
These structures, are lined with epithelial cells on the luminal side and allow for the
nutrients to be absorbed from the digested food and absorbed into the blood stream on
the other side.
 The villi and microvilli, with their many folds, increase the surface area of the
intestine and increase absorption efficiency of the nutrients.
Absorbed nutrients in the blood are carried into the hepatic portal vein, which leads
to the liver.
 There, the liver regulates the distribution of nutrients to the rest of the body and
removes toxic substances, including drugs, alcohol, and some pathogens.



STRUCTURE OF VILLI PRESENT IN SMALL INTESTINE



Large Intestine

 The large intestine, reabsorbs the water from the undigested food material and
processes the waste material.
 The human large intestine is much smaller in length compared to the small intestine but
larger in diameter. It has three parts: the cecum, the colon, and the rectum.
 The cecum joins the ileum to the colon and is the receiving pouch for the waste matter.
The colon is home to many bacteria or “intestinal flora” that aid in the digestive processes.
 The colon can be divided into four regions, the ascending colon, the transverse colon,
the descending colon and the sigmoid colon. The main functions of the colon are to extract
the water and mineral salts from undigested food, and to store waste material. Carnivorous
mammals have a shorter large intestine compared to herbivorous mammals due to theirmammals have a shorter large intestine compared to herbivorous mammals due to their
diet.

Rectum and Anus

 The rectum is the terminal end of the large intestine.
 The primary role of the rectum is to store the feces until defecation. The feces are
propelled using peristaltic movements during elimination. The anus is an opening at the
far-end of the digestive tract and is the exit point for the waste material.
 Two sphincters between the rectum and anus control elimination: the inner sphincter is
involuntary and the outer sphincter is voluntary.
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COMPARATIVE PHYSIOLOGY OF 
EXCRETION

The physiological process by which an organism disposes of its nitrogenous by-
products is called excretion. 

 The meaning of excretion is most easily understood in the context of vertebrate
physiology.

 The animal swallows food (ingestion). In the stomach and intestine some of the food
is broken down into soluble products (digestion) that are absorbed into the body
(assimilation).

 In the body these soluble products undergo further chemical change (metabolism);
some are used by the body for growth, but most provide energy for the various activities
of the body.

Metabolism involves the uptake of oxygen and the elimination of carbon dioxide in
the lungs (respiration). Besides carbon dioxide, compounds of nitrogen arise from
metabolism and are eliminated, chiefly by the kidney, in the urine (excretion).

 Food not digested is eliminated through the anus (defecation).

 These processes are characteristic of animals in general, but not of plants. A green
plant takes in carbon dioxide from the atmosphere and nitrogen (as nitrate) from the soil.

 It uses the energy of sunlight to build these nutrients into the materials required for
growth and in the process gives out oxygen (see photosynthesis).



Excretory Mechanism in different 
Organisms

1) OSMOTIC PRESSURE
Molecules of a solute (e.g., salt, sugar) in water tend to move by diffusion from
a region where they are in high concentration to one where they are in low
concentration, and molecules of water tend to move in the opposite direction.
 If a porous membrane is placed between these regions, the movements of
molecules may be variously restricted depending upon their size in relation to the
size of the submicroscopic pores in the membrane.
 The passage of water molecules from pure water through such a membrane into The passage of water molecules from pure water through such a membrane into
a solution containing molecules that are too large to pass is called osmosis, a
process that takes place spontaneously and does not require energy.
 This process can be reversed by applying hydrostatic pressure to the solution, a
process that does require energy.
 The level of hydrostatic pressure at which there is no net movement of water in
either direction across the membrane is called the osmotic pressure of that
particular solution; the greater the concentration of dissolved molecules in the
solution the greater is its osmotic pressure and the greater the force needed to
remove water from it.



2) INVERTEBRATE EXCRETORY SYSTEM 

 Invertebrates in general conform to the principles applying to all animals,
namely, that aquatic forms get rid of ammonia by diffusion through the surface of
the body; terrestrial forms convert ammonia to uric acid.
 This implies that in aquatic forms the excretory organ is principally of
importance for the composition of their body fluids. Normally, the body fluids of
marine invertebrates have the same concentration as seawater; they usually differ,
however, in the proportions of ions, with relatively more potassium and less
magnesium than seawater.
 Furthermore, their urine normally has the same concentration as seawater, but
correspondingly it contains less potassium and more magnesium. In freshwater
invertebrates the urine is commonly, though not invariably, more dilute than theinvertebrates the urine is commonly, though not invariably, more dilute than the
body fluids.
 By producing dilute urine a freshwater invertebrate conserves the salt content of
its body while eliminating the water that enters its body by osmosis through its
water-permeable surface.
The excretory organs of other invertebrates are of diverse evolutionary origin.
This is not to say, however, that each invertebrate phylum has evolved its own
particular type of excretory organ; rather, there appear to be five main types of
invertebrate excretory organ: contractile vacuole, nephridium, renal gland, coxal
gland, and malpighian tubule.



DIFFERENT EXCRETORY 
STRUCTURES

CONTRACTILE VACUOLE

Some protozoan animals possess an organelle having the form of an internal sac,
or vacuole, which enlarges by the accumulation of a clear fluid and then discharges
its contents to the exterior.
The cycle of filling and emptying may be repeated as frequently as every half
minute. The chief role of the contractile vacuole appears to be in osmotic
regulation, not in nitrogen excretion.regulation, not in nitrogen excretion.
Contractile vacuoles occur more frequently and are more active in freshwater
species than in closely related marine species.
In fresh water, the concentration of dissolved substances in the cell is greater than
in the external medium, and the cell takes in water by osmosis.
 If the contractile vacuole is put out of action, the cell increases in volume. If the
concentration of salts in the medium increases—which would have the effect of
decreasing the rate of osmosis—the rate of output by the contractile vacuole
diminishes.
The fluid eliminated by the vacuole is more dilute than the cytoplasm.



THE NEPHRIDIA OF ANNELIDS, NEMERTINES, FLATWORMS, AND ROTIFERS

 The word nephridium applies in its strict sense only to the excretory organs of annelids, but it may
usefully be extended to include the excretory organs of other phyla having similar characteristics.
Annelids are segmented animals that typically contain a pair of nephridia on each segment.
 Each nephridium has the form of a very fine tubule, often of considerable length; one end usually
opens into the body cavity and the other to the exterior. In some annelids, however, the tubule does not
open into the body cavity but ends internally in a cluster of cells of a special type known as solenocytes,
or flame cells.
 The possession of solenocytes by some annelids is one of the characteristics that allies them with
other nonsegmented phyla that have no true body cavity. They also have a system of tubules opening at
the surface and ending internally in flame cells embedded among the other cells of the body.
 In most cases, there is no regular arrangement of the various parts of the system. Animals belonging to
all of these phyla are primarily aquatic, and, in the few cases known, the main excretory product isall of these phyla are primarily aquatic, and, in the few cases known, the main excretory product is
ammonia.
 How much of it leaves the body by the nephridia and how much through the body surface is not
known.
 The nephridium of the earthworm is longer and more complex than that of marine annelids, four
regions being distinguishable. Body fluid enters the nephridium via an internal opening called
the nephridiostome.
As the fluid passes along the tubule, probably driven by cilia, its composition is modified. In the two
lower regions of the tubule the fluid becomes progressively more dilute, presumably as a result of the
reabsorption of salts.
 Finally, a very dilute urine passes into the bladder (an enlarged portion of the tubule) and then to the
exterior through the external opening, or nephridiopore. The rate of urine flow for an earthworm may be
as much as 60 percent of its body weight in a period of 24 hours.



THE RENAL GLANDS OF MOLLUSKS
 The anatomical form of the renal gland varies from one class of mollusks to another, but a
common plan is clearly evident. The renal gland is a relatively wide tube opening from a sac
(the pericardium) surrounding the heart, at one end, and to the mantle cavity (effectively to
the exterior) at the other.
 There is a single pair of renal glands; in some forms one member of the pair may be
reduced or absent. Clams have the simplest arrangement; the region nearest to the
pericardium has glandular walls and gives way to a nonglandular, wider tube that extends to
the urinary opening.
 The vast majority of mollusks are aquatic and excrete nitrogen in the form of ammonia.
In octopuses, however, nitrogen is excreted as ammonium chloride, which is quite strongly
concentrated in the urine.concentrated in the urine.
 Terrestrial snails and slugs excrete uric acid but may also excrete ammonia when living in
moist surroundings.
 In all mollusks so far investigated the primary process in urine production appears to
be filtration of the blood. This may take place through the wall of the heart into the
pericardium, or from blood vessels that supply the glandular part of the renal gland.
 The composition of the primary urine may be altered by reabsorption or secretion, or
both. In freshwater mollusks salts are reabsorbed in the glandular tube and in the wide
tubule, and the final urine is more dilute than the blood. The rate of urine flow is high, up to
45 percent of the body weight per day in the freshwater mussel. In marine mollusks the urine
has the same concentration as the blood, but (in the few cases examined) its ionic
composition is different.



THE COXAL GLANDS OF AQUATIC ARTHROPODS
 Coxal glands are tubular organs, each opening on the basal region (coxa) of a limb. Since
arthropods are segmented animals, it is reasonable to suppose that the ancestral arthropod had
a pair of such glands in every segment of the body.
 In modern crustaceans there is, as a rule, only a single pair of glands, and in higher
crustaceans these open at the bases of the antennae. Each antennal gland is a compact organ
formed of a single tubule folded upon itself.
When unraveled the tubule is seen to comprise three or four easily recognizable regions.
The tubule arises internally as a small sac, the coelomic sac, which opens into a wider region,
the labyrinth, having complex infoldings of its walls.
 The labyrinth opens either directly into the bladder, as in marine lobsters and crabs, or into
a narrow part of the tubule, the canal, which in turn opens into the bladder, as in freshwater
crayfishes.crayfishes.
 The coelomic sac, well supplied with blood vessels, gives evidence that the primary
process in urine production is filtration of the blood through the wall of the coelomic sac in a
manner analogous to filtration in the glomerulus and Bowman’s capsule of the
vertebrate kidney.
 In freshwater crayfishes the urine has the same concentration as far as the end of the
labyrinth; from that point on reabsorption takes place in the canal and the urine leaves the
body as a very dilute solution. The addition of the canal to the system demonstrates one way
crustaceans have adapted to life in fresh water.
 In contrast to the rate of urine flow in a freshwater crayfish (about 5 percent of the body
weight per day), that of the freshwater crab is 100 times less (about 0.05 percent).



THE MALPIGHIAN TUBULES OF INSECTS

Although some terrestrial arthropods (e.g., land crabs, ticks) retain the coxal glands of their
aquatic ancestors, others, the insects, have evolved an entirely different type of excretory
system.
 The malpighian tubules, which vary in number from two in some species to more than 100
in others, end blindly in the body cavity (which is a blood space) and open not directly to the
exterior but to the alimentary canal at the junction between midgut and hindgut.
 The primary urine issuing from the malpighian tubules has to pass through
the rectum before it leaves the insect’s body, and in the rectum its composition is markedly
changed.
 The insect excretory system therefore comprises the malpighian tubules and the rectum The insect excretory system therefore comprises the malpighian tubules and the rectum
acting together. The malpighian tubules are bathed in the insect’s blood, but since they are
not rigid it is impossible for any hydrostatic pressure to be developed across their walls, such
as could bring about filtration.
 The primary urine is formed by a process of secretion in the following way: Potassium
ions are actively transported from the blood into the cavity of the tubule and are necessarily
followed by negatively charged ions so as to maintain electroneutrality.
 In turn, water follows the ions, probably by osmosis, and various other substances—
sugars, amino acids, and urate ions—also enter the primary urine by diffusion from the
blood. The activity of the excretory system in insects is under hormonal control.



VERTEBRATE EXCRETORY SYSTEMS
 The kidney and its associated ducts are the excretory system of the mammal, and, as
already noted, most of the nitrogenous waste arising in the mammalian body is excreted
as urea. Other nitrogenous compounds regularly present in the urine in smaller amounts are
uric acid (or the closely related compound allantoin) and creatinine; both of these arise mainly
as by-products of the renewal and repair of tissues.
 In birds, reptiles, and amphibians the kidneys are compact organs, as they are in mammals,
but in fishes they are narrow bands of tissue running the length of the body (see below
under Evolution of the vertebrate excretory system).
 In amphibians, as in mammals, the main excretory product is urea. In birds and reptiles it is
uric acid. In most fishes the main excretory product is ammonia.
 The mammalian kidney is a compact organ with two distinct regions: cortex and medulla. The mammalian kidney is a compact organ with two distinct regions: cortex and medulla.
The functional unit of the kidney is the nephron. Each nephron is a tubular structure
consisting of four regions. It arises in the cortex as a small vesicle about one-fifth of a
millimetre (0.008 inch) in diameter, known as Bowman’s capsule, into which projects a tuft of
capillary blood vessels, the glomerulus.
 Bowman’s capsule is continuous with the proximal convoluted tubule, which also lies in
the cortex. Following the proximal convoluted tubule is the loop of Henle, which descends
into the medulla and then runs straight up again to the cortex where it continues as the distal
convoluted tubule.
A collecting tubule, into which several nephrons open, courses through the medulla to open
a wide cavity, the pelvis of the kidney. From the pelvis the ureter leads to the bladder, and
from the bladder the urethra leads out of the body.
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