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SECTION-A (Multiple choice questions) 

     

Q. 1-Answer 

 

(i) d   (ii) c  (iii) c  (iv) d  (v)  a  (vi) b  (vii) b  

(viii) c  (ix) b  (x) c  

 

SECTION –B (Descriptive type questions) 

 

Q. 2- Answer 

Transport of CO2 and O2 

Oxygen diffuses very slowly from one liquid into another. Thus fishes have evolved in 

their red blood cells a gas-carrying device of high efficiency. The red blood cells account for 

99percent of oxygen uptake; the volume of oxygen carried in plasma amounts to less than 

1percent of the total. 

 Hemoglobin is the respiratory pigment of fishes and is in red blood cells. An iron atom 

lies at the centre of each group of the atom that form the pigment called heme, which gives blood 

its red colour its ability to combine with oxygen. Each heme group is enfolded in one of two or 

four chains of amino acid units that collectively constitute the protein part of the molecule, called 

globin. The hemoglobins of most vertebrates have molecular weights near 65,000. It appears that 

habits and habitat, such as a bottom-dwelling versus pelagic existence, have led to lower and 

higher hemoglobin contents of blood respectively. 

Loading and unloading of Oxygen 

In as much as oxygen is taken up, transported, and released by the red blood cells, we 

may speak of the process of loading and unloading oxygen and of the respective tensions at 

which these processes occur. To have adequate measures for comparison, two stages are chosen: 

(1) Tsat - the loading tension of blood; that partial pressure of O2 at which hemoglobin of a 
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particular species is 95 percent saturated with oxygen;(2) T1/2sat - the unloading tension of blood; 

that partial pressure of O2 at which the hemoglobin is 50 percent saturated, or, in other words, the 

oxygen tension at which half the hemoglobin of the blood is in the oxygenated state and half is in 

the unoxygenated state. The half-saturation tension is a measure of the affinity of hemoglobin for 

oxygen. If hemoglobin has a low T1/2sat it has a high affinity and vice versa. 

The oxygen dissociation curve describes the equilibrium of oxygen with hemoglobin. The shape 

of the equilibrium curve is influenced by the degree of interaction of the four polypeptide chains 

and their heme groups. The three-dimensional structure of the chains determines which amino 

acid residues will be at the surface of the molecule and available for subunit aggregation. Lack of 

interaction between hemes leads to hyperbolic curve, whereas with cooperativity between hemes 

the curve tends to be sigmoidal. A hyperbolic curve with high oxygen affinity is characteristic of 

fish that can live in water with a low oxygen concentration. The difference between the Tsat and 

the T1/2sat determines the total amount or oxygen delivered to the tissues. Blood described by a 

sigmoid curve is able to deliver more oxygen to the tissues than when described by a hyperbolic 

curve. 

 
 

As the partial pressure of CO2 increases, higher O
2
 tension is required to reach Tsat and 

the T1/2sat is raised accordingly. This phenomenon, called, after its discoverer, the Bohr effect, is 

more pronounced in fishes and facilitates the unloading of oxygen to tissue cells where the CO2 

tension is relatively high. 
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 Diffusion of O2 and CO2 is quantified by Fick equation 

  Mgas=∆Pgas.Kgas SA/T 

    Where Mgas=Rate of gas diffusion 

     ∆Pgas=Partial Pressure 

     Kgas=Permeation constant 

     SA=Lamellar surface area 

     T=Lamellar thickness 

CO2 is considerably more soluble in water than water than O2. Thus low amount of free CO2 in 

natural waters favors waste gas elimination at the gills by diffusion. CO2 in the venous blood of 

fishes is carried primarily as bicarbonates but also solution in plasma. The change in 

bicarbonates into CO2 and water is catalyzed by the enzyme carbonic anhydrase, found in the 

acidophil cells of the gills, in red blood cells, and in other tissues. 
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Q. 3-Answer 
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Q. 4- Answer 
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Q.5- Answer 
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Q. 6- Answer 

(a) Bony Ridge Scale 

The cycloid and ctenoid scales are also known as the bony ridge scales. They are present 

in majority of the teleostean fishes and are thin, flexible, transparent structures due to the 

absence of the first and the middle layers of other types. These scales exhibit characteristic ridges 

alternating with grooves and generally the ridges are in the form of concentric rings. The central 

part of the scale is called the focus and is the first part to develop. In many species, oblique 

grooves or radii run from the focus towards the margin of the scale. 

 

 

Fig. Cycloid scale 
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Fig. Ctenoid scale 

 

 

The origin and development of both these types of scales are similar. The cycloid scales 

are thin and roughly, rounded in shape, being thicker in the centre and thining out towards the 

margin. They are found in a large number of teleostean fishes having soft rayed fins. They form 

a protective covering over the skin and project diagonally in an imbricating pattern. The ctenoid 

scales are also circular and can be distinguished from the cycloid by having a more or less 

serrated free edge. Moreover, several spines are present on the surface of the posterior area of the 

scale. These scales are found in a large number of fishes with spiny rayed fins. 

(b) Iridocytes 
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(c) 
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Q. 7- Answer 

Blood Supply in swim bladder 

The swim bladder receives its blood from branches of the coeliaco-mesenteric artery or directly 

from the posterior branches of the dorsal aorta. The venous blood is then drained into a vessel 

that joins the hepatic portal system, while in some species the air bladder vein joins the posterior 

cardinal vein. The gas bladder also shows differences in its degree of vascularity in various 

teleosts and in the formation of ‘red bodies’ or ‘red glands’. In some species (Clupeidae and 

Salmonidae), the capillaries are uniformly distributed all over the surface of the bladder and do 

not form a ‘retia mirabila’, while in other Physostomes as carps (Cyprinus, Labeo, Tor tor) the 

blood vessels are arranged in a fan-like manner and are concentrated at one or more points on the 

inner surface of the bladder, forming red masses of various shapes called the ‘red bodies’. These 

are essentially retia mirabilia consisting of numerous arterial and venous capillaries, running 

parallel to one another and carrying blood to and from the gas gland. They constitute the wonder 

net of capillaries which do not communicate until they rich the epithelium of the gas bladder. In 
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the physostomous fishes, this structure is more primitive, being covered with a simple flat 

epithelium and is called red body. In the Physoclistous fishes

thick glandular folded epithelium and 

 

 

 

 

 

 

 

                        

                    Fig: Blood Supply of the swim bladder of a Physoclistous teleost

 

Gas Supply in swim bladder 

The anterior part of the swim bladder, whether open or closed, is specialized for gas secretion, 

while absorption of gas into the blood takes place in the posterior region of the physoclistous 

forms. In more specialised physoclisti, such as the Mugil, Balistes

region becomes converted into an ‘oval’ whose opening is guarded sphincter and dilated by 

muscles. A small area in the anterior region becomes specialized for secreting gas and is called 

the red body or red gland. 

In several species belonging to the Syngnathidae, Gadi

bladder is closed and divided into two chambers by a constriction. In these fishes gas gland for 

secreting gas is found in the anterior chamber, while the posterior chamber becomes

for gas diffusion. But in the Cyprinidae, the gas bladder is divided into two chambers and has 

pneumatic duct.  Here, the gas gland is confined to the posterior chamber.
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physostomous fishes, this structure is more primitive, being covered with a simple flat 

epithelium and is called red body. In the Physoclistous fishes, the capillaries are covered with a 

thick glandular folded epithelium and it is called the red gland.  

Fig: Blood Supply of the swim bladder of a Physoclistous teleost

anterior part of the swim bladder, whether open or closed, is specialized for gas secretion, 

while absorption of gas into the blood takes place in the posterior region of the physoclistous 

physoclisti, such as the Mugil, Balistes and gadus, the posterior 

region becomes converted into an ‘oval’ whose opening is guarded sphincter and dilated by 

muscles. A small area in the anterior region becomes specialized for secreting gas and is called 

es belonging to the Syngnathidae, Gadiidae, Labridae and Triglidae, the gas 

bladder is closed and divided into two chambers by a constriction. In these fishes gas gland for 

secreting gas is found in the anterior chamber, while the posterior chamber becomes

for gas diffusion. But in the Cyprinidae, the gas bladder is divided into two chambers and has 

pneumatic duct.  Here, the gas gland is confined to the posterior chamber. 
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Fig: Blood Supply of the swim bladder of a Physoclistous teleost. 

anterior part of the swim bladder, whether open or closed, is specialized for gas secretion, 

while absorption of gas into the blood takes place in the posterior region of the physoclistous 

and gadus, the posterior 

region becomes converted into an ‘oval’ whose opening is guarded sphincter and dilated by 

muscles. A small area in the anterior region becomes specialized for secreting gas and is called 

idae, Labridae and Triglidae, the gas 

bladder is closed and divided into two chambers by a constriction. In these fishes gas gland for 

secreting gas is found in the anterior chamber, while the posterior chamber becomes thin walled 

for gas diffusion. But in the Cyprinidae, the gas bladder is divided into two chambers and has 
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                 Fig: Swim bladder of a deep sea fish showing 

 

Q. 8- Answer 

Closed circulatory systems have the blood closed at all times within vessels of different size and 

wall thickness. In this type of system, blood is pumped by a heart through vessels, and does not 

normally fill body cavities. Example: Vertebrates, and a few invertebrates, have a closed 

circulatory system. 

The open circulatory system is common to molluscs and arthropods. Open circulatory systems 

(evolved in crustaceans, insects, mollusks and other invertebrates) pump b

with the blood diffusing back to the circulatory system between cells. Blood is pumped by a 

heart into the body cavities, where tissues are surrounded by the blood.

 

Working of heart in Teleost: 

The venous blood flowing continuously to

by pushing apart the semilunar valves. During this, the pockets of the valves also become full of 

the blood and pressure due to contraction of the auricle cause the valves to swell and adhere with 

each other, thus preventing the backward flow of blood. The blood now flows from auricle to 
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Fig: Swim bladder of a deep sea fish showing gas secreting complex.

Closed circulatory systems have the blood closed at all times within vessels of different size and 

wall thickness. In this type of system, blood is pumped by a heart through vessels, and does not 

. Example: Vertebrates, and a few invertebrates, have a closed 

The open circulatory system is common to molluscs and arthropods. Open circulatory systems 

(evolved in crustaceans, insects, mollusks and other invertebrates) pump blood into a hemocoel 

with the blood diffusing back to the circulatory system between cells. Blood is pumped by a 

heart into the body cavities, where tissues are surrounded by the blood. 

The venous blood flowing continuously towards heart reaches the sinuses and passes into auricle 

lunar valves. During this, the pockets of the valves also become full of 

the blood and pressure due to contraction of the auricle cause the valves to swell and adhere with 

h other, thus preventing the backward flow of blood. The blood now flows from auricle to 
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gas secreting complex. 

Closed circulatory systems have the blood closed at all times within vessels of different size and 

wall thickness. In this type of system, blood is pumped by a heart through vessels, and does not 

. Example: Vertebrates, and a few invertebrates, have a closed 

The open circulatory system is common to molluscs and arthropods. Open circulatory systems 

lood into a hemocoel 

with the blood diffusing back to the circulatory system between cells. Blood is pumped by a 

wards heart reaches the sinuses and passes into auricle 

lunar valves. During this, the pockets of the valves also become full of 

the blood and pressure due to contraction of the auricle cause the valves to swell and adhere with 

h other, thus preventing the backward flow of blood. The blood now flows from auricle to 
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ventricle by pushing apart the four auriculo

is full, the valves also received the blood, so that they bulge out 

to effectively close the opening and thus, prevent the backward flow of the blood. The blood, 

now, pushes aside the ventriculo bulber valves, to enter the bulbus. Here again, the increased 

pressure inside the bulbus causes 

flow of the blood, which passes forward into the ventral aorta. A schematic diagram of heart of a 

carp (Tor tor) showing blood flow is given below: 

 

 

Fig: (A) Heart of a carp (Tor tor) (B) 

of heart.  
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ventricle by pushing apart the four auriculo-ventriculer valves. As soon as the ventricular cavity 

is full, the valves also received the blood, so that they bulge out and adhere with each other so as 

to effectively close the opening and thus, prevent the backward flow of the blood. The blood, 

now, pushes aside the ventriculo bulber valves, to enter the bulbus. Here again, the increased 

pressure inside the bulbus causes the valves to swell and close the passage, preventing backward 

flow of the blood, which passes forward into the ventral aorta. A schematic diagram of heart of a 

carp (Tor tor) showing blood flow is given below:  

Fig: (A) Heart of a carp (Tor tor) (B) The same dissected to show internal structure and working 
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