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Environmental Science 120     Name(s):  ___________________________________ 


Lab – Salmon Smolt Dissection 


 


Objective… 
To study the external and internal anatomy of a representative vertebrate (specifically, a smolt). 


 
Introduction… 
Of all vertebrate classes, bony fishes (class Osteichthyes) have both the largest number of species and 
the largest number of individuals overall. They are cosmopolitan, and are found in both marine and 
freshwater habitats. 
 


The skeleton of bony fishes is reinforced by a hard matrix of calcium phosphate just as occurs in humans 
(why they are called bony fishes as opposed to cartilaginous fishes such as sharks). The skin of fishes is 
covered by flattened bony scales. Glands in the skin secrete mucous that helps to reduce drag during 
swimming. A typical bony fish has a lateral line system (a row of tiny pits in the skin) on both sides of the 
body that is sensory in function and help the fish to orient itself within its environment. Bony fish breathe 
by drawing water over their gills that are located in branchial chambers that are covered by a protective 
flap called the operculum.  Movement of the operculum and contraction of muscles surrounding the gill 
chambers allow the fish to breathe while stationary. Most bony fish also have a swim bladder, an air sac 
that helps control the buoyancy of the fish by transferring gases between the swim bladder and the blood. 
 
PART A:  External anatomy 
INSTRUCTIONS… Label all of the following parts on the given handout using the specified letters. 
 
Obtain a smolt and place it in a dissecting tray. Locate the [A] operculum (gill cover) that occurs 
posterior of the eye on the head. Lift up the posterior free edge of the operculum and you will see the gills 
located within the branchial chamber. Water is taken in through the mouth, into the pharynx, and is 
expelled through the gill arches where the water passes over the gill filaments. The blood cells receive 
oxygen by diffusion as they pass through capillary beds that occur in the gill lamellae of these filaments. 
The water exits from under the free edge of the operculum. 
 
Dorsal to the mouth on either side are the [B] anterior incurrent naris and posterior excurrent naris. 
These open into the nasal sac that is the organ of smell. Water enters this sac through the incurrent naris 
and exits by the excurrent naris. This keeps a constant passage of water circulating through the nasal 
sac. Odour particles in the water stimulate the olfactory lining of the sac and trigger the olfactory (smell) 
stimulus that is transmitted to the brain by the olfactory nerve. Posterior to the nares is the large [C] eye. 
Note the iris (coloured ring) and the pupil (central aperture that admits light to back of eye). 
 
Paired fins occur on the ventrolateral surface of the body: the [D] pectoral fins are located just posterior 
to the operculum; farther back is the posterior set of [E] pelvic fins. The pectoral fins are homologous to 
the fore limbs of tetrapods and the pelvic fins are homologous to the hind limbs of tetrapods. During 
swimming, the paired fins function mainly as stabilizers. The pectoral fins may also be used in braking. 
The medial fin (medial = in the midline) situated at the end of the tail is called the [F] caudal fin (often 
referred to as the tail). This fin is always oriented in a vertical plane and is divided into a dorsal lobe and a 
ventral lobe. In bony fish, the caudal fin is always homocercal (i.e., the dorsal and ventral lobes are of 
equal size and shape) making this fin symmetrical on both the dorsal and ventral aspects. The caudal fin 
propels the fish forward through the water. The other medial fins functions mainly as stabilizers. There is 
an [G] anal fin on the ventral midline that occurs just anterior to the caudal fin and just posterior to the 
tail. As well, on the dorsal midline of the body, there is a [H] dorsal fin located about half way down the 
length of the body. The [I] adipose fin is much smaller than the dorsal fin and is located between the 
dorsal fin and the caudal fin. The adipose fin is soft and fleshy because it lacks the dermal rays (skeletal 
supports) that occur in all other fins. Not all families of teleosts have an adipose fin but fish such 
as salmon do have this fin. 







 
Immediately anterior to the anal fin are two body openings on the ventral midline. The anterior opening is 
the [J] anus, through which faecal material from the intestine is expelled. The posterior opening, next to 
the anal fin, is the [K] urogenital pore, through which the eggs of the female, the spermatozoa of the 
male, and the urine of both sexes are expelled. This arrangement, with the urogenital opening posterior to 
the anus, is a peculiar feature of bony fishes.  
 
Along either side of the body, about halfway up the lateral body surface is a faint but distinguishable  
[L] lateral line that extends from the operculum to the base of the caudal fin. This structure is comprised 
of a row of pores that connect to a canal lined with sensory receptors under the skin. The lateral line 
detects vibrations (movement) in the water and enables the fish to orient itself with respect to nearby 
objects.  The whole body surface with the exception of the head and fins is covered with cycloid [M] 
scales that overlap posteriorly. These scales are formed by the dermis of the skin, and are thus covered 
by the epidermis (outer layer of the skin). As the fish grows, the total number of scales remains constant. 
However, a new and larger layer of bone-like tissue – the annual growth ring is formed under the previous 
growth ring of the same scale. This process continues throughout the life of the fish, thus forming a 
layered scale that has the appearance of rings when viewed from above. Similar to a tree, growth occurs 
continuously within each annual ring. Growth during winter is slower due to lower food abundance and 
lower temperatures. It is these seasonal and annual differences that make it possible to count the 
number of years that the fish has lived by counting the growth rings on an individual scale. 
 
PART B: Internal anatomy 
INSTRUCTIONS…Read through and identify the parts with your partner. 
 
Muscles: Skin one side of the fish completely from the mid-dorsal to the mid-ventral line – begin just 
behind the gills and finish in the region of the pelvic fins or beyond. The skin is very firmly attached to the 
underlying muscle so be careful not to remove muscle along with the skin. Delineate the area to be 
skinned by making shallow incisions using a scalpel. The skin can be peeled using your fingers but can 
also be wrapped in paper towel to improve the grip, and then pulled off gently. You might find that it is 
necessary to separate the muscles from the skin using a scalpel as you continue. 
 
Body Cavity and Viscera: Use a scalpel or razor to make a short mid-ventral incision through the body 
wall, just anterior to the pelvic fins. Be careful not to cut too deeply, so that you can avoid damaging any 
internal organs. Now hold your scissors as parallel to the ventral surface as possible (use the tips of the 
scissors only) and cut anteriorly along the mid-ventral line until you reach the gill chambers. Be careful not 
to damage the heart that lies just anterior to the pectoral girdle (between the pectoral fins). You will have 
to cut through the middle of this bony girdle using scissors in order to complete this mid-ventral incision. 
Extend this mid-ventral incision posteriorly through the pelvic girdle (between the pelvic fins) and nearly to 
the anus; do not cut right to the anus. Now you will proceed to remove the body wall to access the body 
cavity and organs (see the diagram on your lab sheet to clarify the following cuts). Just anterior to the 
anus but well posterior to the pelvic fin, make a cut in a dorsal direction up the left side of the body until 
you reach the lateral line. Next, make a similar cut, on the same side of the body, beginning immediately 
posterior to the base of the pectoral fin until you reach the lateral line. Next, make a longitudinal cut (along 
the length of the body) along the lateral line to connect your two previou  incisions, thereby removing all of 
the body wall from the mid-ventral line to the lateral line. The body cavity or coelom will now be exposed 
along with the viscera (organs within the coelom).  You should now locate a large, transparent, colourless, 
balloon-like structure called the swim bladder (air bladder). This structure occupies the whole dorsal 
portion of the coelom for the entire length of the body cavity. The swim bladder is filled with air and will 
collapse if punctured. The entire coelom is lined by a thin, transparent sheet of tissue called the 
peritoneum. The peritoneum that lines the wall of the coelom is the parietal peritoneum whereas that 
covering all the viscera, including the swim bladder, is the visceral peritoneum. The visceral peritoneum is 
continuous with the parietal peritoneum by way of the transparent mesenteries that suspend the viscera 
from the dorsal wall of the coelom. 
 







Digestive system: Note the J-shaped stomach located in the anterioventral part of the coelom. The 
stomach opens by means of a one-way valve, the pylorus, into the intestine. The intestine extends back 
straight through the coelom to the anus. You will notice the presence of many pyloric caecae covering the 
outside of the pyloric part of the stomach. These are diverticula (narrow, blind sacs) that greatly increase 
the secretory area of the stomach. They may be covered by a considerable amount of white adipose 
tissue (fat). Immediately anterior to the stomach is the liver, a brownish organ that connects to the anterior 
end of the intestine by the bile duct. This duct contains a greenish liquid called bile that is produced by the 
liver, stored in the gall bladder, and is released into the intestine to aid in digestion.  The pancreas in most 
bony fish is a diffuse organ. It consists of bits of tissue scattered throughout the adipose tissue that 
surrounds the pyloric caecae. The pancreas will be difficult to identify. 
 
Urogenital system: The kidneys run along the dorsal body wall for the entire length of the coelom and 
can be observed through the transparent swim bladder. The two kidneys lie close together and appear as 
a medial, dark red band. The swim bladder is situated ventral to and immediately against the kidneys. 
The gonad is a long white organ that extends most of the length of the swim bladder and coelom and 
occurs lateral to the swim bladder. This organ is the ovary in the female (producing eggs) and the testis in 
the male fish (producing spermatozoa). It is suspended from the dorsal wall of the coelom by a 
mesentery. As in most bony fishes, fertilization is external. 
 
Circulatory system: The heart is located in the pericardial cavity, just anterior to the liver. Note that the 
pericardial cavity is completely walled off from the rest of the coelom. The coelom is thus divided into two 
compartments: the more anterior pericardial cavity; and, the peritoneal cavity that contains all of the other 
viscera. The heart consists of two chambers, a small dorsal atrium, and a larger ventral ventricle. Dorsal 
to and opening into the atrium is the dark, thin walled sinus venosus that receives unoxygenated blood 
returning from body tissues. This unoxygenated blood passes from the sinus venosus into the atrium and 
from there through the atrioventricular valve and into the ventricle. The ventricle then pumps this blood 
anteriorly through the ventral aorta. From the ventral aorta afferent branchial arteries enter the gills where 
the blood is oxygenated (see the respiratory system below for details). Once oxygenated the blood is 
collected by the efferent branchial arteries. Some of this blood is pumped anteriorly into the head through 
paired carotid arteries; the rest is pumped posteriorly through the dorsal aorta that runs along the dorsal 
midline of the coelom, between the kidneys. Segmented pairs of arteries arise from the dorsal aorta to 
supply blood to the myomeres and other parts of the body wall. 
 
Respiratory system: On one side of the fish, remove the operculum completely by cutting through its 
base at the anterior end using scissors. The gills will now be exposed. Locate the gill arch and the stiff, 
finger-like gill rakers that project from the anterior (inner) border of the arch into the pharynx. Note the 
long, red gill filaments that are arranged in two rows along the posterior or outer border of the gill arch. 
These gill filaments projecting outward and backward into the branchial chamber (the cavity that contains 
the gill filaments and is covered by the operculum). Each gill filament is oriented horizontally and itself is 
comprised of hundreds of gill lamellae that are oriented vertically. Fish have a closed circulatory system, 
and gas exchange with the environment (in this case water) occurs in specialized regions of the body 
called respiratory surfaces. The respiratory surfaces occur in the gills of fish, specifically the gill lamellae. 
The lamellae are comprised of a single layer of epithelial cells that surround a net of blood capillaries. The 
blood becomes oxygenated by diffusion of dissolved oxygen as the water passes over the gill lamellae. 
Remember from last week that common features of respiratory surfaces include: a large surface area to 
facilitate gas exchange; they are very thin to facilitate the process of diffusion (diffusion is effective only 
over short distances); they are moist because gases must be dissolved in water before they can diffuse 
(fish live in water so this is redundant here); and, they are highly vascularized (contain a high density of 
thin-walled blood vessels called capillaries) to facilitate diffusion of gases into blood for circulation. 
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Biology 1017 - LABORATORY 8 
 


LEARNING ABOUT VERTEBRATES 
 
Preparation 
 
Read this exercise before you come to the laboratory.  Understand the following terms: chordate, 
vertebrate, evolution, respiratory system, circulatory system, urogenital system, photoreceptor.   
 
 
Objectives 
 
1.    To study the external and internal anatomy of a representative vertebrate (specifically, a fish) 
2.    To study the structure of a vertebrate eye 
3.    To understand evolutionary trends in animals 
 
 
References 
 
Campbell; N. A. and J. B. Reece. 2008. Biology, 8th ed.  Ch. 34 - Vertebrates; Ch. 50 - Sensory 
and motor mechanisms (Concepts 50.4 and 50.6). 
 
 
Introduction 


 
Vertebrates are a subphylum within the phylum Chordata.  Chordates have a bilateral 


symmetry and are distinguished from most invertebrates in that they have (i) a notochord, (ii) a 
dorsal, hollow nerve cord, (iii) pharyngeal clefts (slits) and (iv) a muscular, postanal tail at some 
point in their lifetime (e.g. as an embryo).  The notochord (from which the name “chordate” is 
derived) is a flexible rod between the digestive tube and the nerve cord, and provides skeletal 
support as the animal develops.  As most vertebrates reach adult stage, the notochord is replaced 
by a more complex jointed skeleton (you will study this more complex skeleton in Lab 9).   The 
dorsal, hollow nerve cord in chordates is very different than in other animal phyla that have a 
solid nerve cord usually located ventrally -- do you remember seeing this in the earthworm?).  
The nerve cord in the chordate embryo develops into the brain and spinal cord.  As well in 
chordates, the pharynx, a region just posterior to the mouth, has openings called pharyngeal slits 
to allow water to exit after entering the mouth to prevent the water from continuing through the 
entire digestive tube.  The pharyngeal slits and structures supporting them develop into gills in 
fish but in other vertebrates (i.e., tetrapods) they develop into part of the lower jaw and inner ear.  
Finally, most chordates have a tail that extends beyond the anus (most invertebrates have the 
digestive tract extending the whole body length).  The chordate tail has skeletal elements and 
muscles, and is used for propulsion in fish and balance in many other vertebrates. 
 


Vertebrates are distinguished from non-vertebrate chordates by features associated with 
larger size and an active lifestyle.  One such feature is a large brain (which is the enlarged 
anterior end of the dorsal, hollow nerve cord) and the concentration of sensory organs in the 
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head.  Another feature is the vertebral column (from which the name “vertebrate” is derived) and 
cranium that surround and protect the nerve cord.  The vertebral column and cranium comprise 
the axial skeleton that serves as the main support structure for the vertebrate body; it makes 
possible large body size and strong, fast movement.  The remaining portion of the skeleton that 
contributes to the appendages is called the appendicular skeleton.  Since both the axial and 
appendicular skeleton are located within the soft tissues of these animals, it is called an 
endoskeleton.  
 


Today, you will study the anatomy of a vertebrate (a fish) and examine various organs 
(including an eye).  You will be asked to make comparisons with invertebrate animals that you 
have studied in earlier labs. 
 
 
A. Dissection of a Vertebrate - a Fish 
 
1. Introduction.  Of all vertebrate classes (cartilaginous fishes, bony fishes, amphibians, reptiles, 
birds, and mammals), bony fishes (class Osteichthyes) have both the largest number of species 
and the largest number of individuals overall.  They are cosmopolitan, and are found in both 
marine and freshwater habitats.  
 


The skeleton of bony fishes is reinforced by a hard matrix of calcium phosphate just as 
occurs in humans (this is why they are called bony fishes as opposed to cartilaginous fishes such 
as sharks).  The skin of fishes is covered by flattened bony scales.  Glands in the skin secrete 
mucous that helps to reduce drag during swimming.  A typical bony fish has a lateral line system 
(a row of tiny pits in the skin) on both sides of the body that is sensory in function and help the 
fish to orient itself within its environment.  Bony fish breathe by drawing water over their gills 
that are located in branchial chambers that are covered by a protective flap called the operculum.  
Movement of the operculum and contraction of muscles surrounding the gill chambers allow the 
fish to breathe while stationary.  Most bony fish also have a swim bladder, an air sac that helps 
control the buoyancy of the fish by transferring gases between the swim bladder and the blood. 
 
2. Procedure (work in pairs).  Your dissection is worth 15% of your mark – please work carefully. 
 
a. External anatomy.  Obtain a fish and place it in a dissecting tray.  Locate the operculum (gill 
cover) that occurs posterior of the eye on the head.  Lift up the posterior free edge of the 
operculum and you will see the gills located within the branchial chamber.  Water is taken in 
through the mouth, into the pharynx, and is expelled through the gill arches where the water 
passes over the gill filaments.  The blood cells receive oxygen by diffusion as they pass through 
capillary beds that occur in the gill lamellae of these filaments.  The water exits from under the 
free edge of the operculum. 
 


Dorsal to the mouth on either side are the anterior incurrent naris and posterior excurrent 
naris.  These open into the nasal sac that is the organ of smell.  Water enters this sac through the 
incurrent naris and exits by the excurrent naris.  This keeps a constant passage of water circulating 
through the nasal sac.  Odour particles in the water stimulate the olfactory lining of the sac and 
trigger the olfactory (smell) stimulus that is transmitted to the brain by the olfactory nerve. 
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Posterior to the nares is the large eye.  Note the iris (coloured ring) and the pupil (central 
aperture that admits light to back of eye). 
 


Identify the various fins to complete question 1 in the laboratory assignment section.  
Paired fins occur on the ventrolateral surface of the body: the pectoral fins are located just 
posterior to the operculum; farther back is the posterior set of pelvic fins.  The pectoral fins are 
homologous to the fore limbs of tetrapods and the pelvic fins are homologous to the hind limbs 
of tetrapods.  During swimming, the paired fins function mainly as stabilizers.  The pectoral fins 
may also be used in braking. 
 


The medial fin (medial = in the midline) situated at the end of the tail is called the caudal 
fin (often referred to as the tail).  This fin is always oriented in a vertical plane and is divided 
into a dorsal lobe and a ventral lobe.  In bony fish, the caudal fin is always homocercal (i.e., the 
dorsal and ventral lobes are of equal size and shape) making this fin symmetrical on both the 
dorsal and ventral aspects.  The caudal fin propels the fish forward through the water. 
 


The other medial fins functions mainly as stabilizers.  There is an anal fin on the ventral 
midline that occurs just anterior to the caudal fin and just posterior to the tail.  As well, on the 
dorsal midline of the body, there is a dorsal fin located about half way down the length of the 
body.  The adipose fin is much smaller than the dorsal fin and is located between the dorsal fin 
and the caudal fin.  The adipose fin is soft and fleshy because it lacks the dermal rays (skeletal 
supports) that occur in all other fins.  Not all families of teleosts have an adipose fin but fish such 
as salmon do have this fin. 
 
 
Laboratory assignment: 
 
1. Label the fins on the drawing of the intact fish on your lab sheet.  
 
 
 


Immediately anterior to the anal fin are two body openings on the ventral midline.  The 
anterior opening is the anus, through which faecal material from the intestine is expelled.  The 
posterior opening, next to the anal fin, is the urogenital pore, through which the eggs of the 
female, the spermatozoa of the male, and the urine of both sexes are expelled.  This arrangement, 
with the urogenital opening posterior to the anus, is a peculiar feature of bony fishes.  In most 
other vertebrates, both the intestine and the urogenital ducts open into a common chamber called 
the cloaca, which opens to the exterior through only one medial opening.  A cloaca is absent in 
placental mammals and the urogenital opening is always located anterior to the anus. 
 


Along either side of the body, about halfway up the lateral body surface is a faint but 
distinguishable lateral line that extends from the operculum to the base of the caudal fin. This 
structure is comprised of a row of pores that connect to a canal lined with sensory receptors 
under the skin.  The lateral line detects vibrations (movement) in the water and enables the fish 
to orient itself with respect to nearby objects. 
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The whole body surface with the exception of the head and fins is covered with cycloid 
scales that overlap posteriorly (Figure 2a).  These scales are formed by the dermis of the skin, 
and are thus covered by the epidermis (outer layer of the skin).  As the fish grows, the total 
number of scales remains constant.  However, a new and larger layer of bone-like tissue – the 
annual growth ring is formed under the previous growth ring of the same scale.  This process 
continues throughout the life of the fish, thus forming a layered scale that has the appearance of 
rings when viewed from above (Figure 2b).  Similar to a tree, growth occurs continuously within 
each annual ring.  Growth during winter is slower due to lower food abundance and lower 
temperatures.  It is these seasonal and annual differences that make it possible to count the 
number of years that the fish has lived by counting the growth rings on an individual scale. 


 
 
 
 
 
 
 
 
 
 
 
 
 
      Anterior end                      Posterior end 
 


Figure 2.  Orientation (A) and structure (B) of cycloid scales.  Image from BIODIDAC. 
 
 
Laboratory assignment: 
 
2. a). Remove one scale from the fish, prepare a wet mount, and examine the scale under a 


compound microscope.  Prepare a drawing to show the growth rings.  (Include a title, 
labels, and the drawing magnification.) 
b). A scale is available on demonstration. Determine the age of the fish that donated this 
scale. 


 
 
 
b. Internal anatomy. 
 
Muscles:  Skin one side of the fish completely from the mid-dorsal to the mid-ventral line – 
begin just behind the gills and finish in the region of the pelvic fins or beyond.  The skin is very 
firmly attached to the underlying muscle so be careful not to remove muscle along with the skin.  
Delineate the area to be skinned by making shallow incisions using a scalpel.  The skin can be 
peeled using your fingers but can also be wrapped in paper towel to improve the grip, and then 
pulled off gently.  You might find that it is necessary to separate the muscles from the skin using 
a scalpel as you continue. 


Annual 
growth rings 


A         B 
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You will notice that the axial musculature of a fish consists of a series of longitudinal 
muscle segments called myomeres, which are separated from one another by a thin layer of 
connective tissue called septa.  Note the zigzag pattern of the myomeres; each is like the letter W 
turned on its side so that the top ends of the W point anteriorly (i.e.,     ), with one half in the 
dorsal midline and the other half in the ventral midline.  Each myomere is made up of muscle 
fibers that run longitudinally from one septum to the next.  Contraction of these fibers pulls 
adjacent septa closer together and thus pulls the portions of the body that are adjacent to the 
region of contraction closer together (i.e., to that side). 
 
 
Body Cavity and Viscera:  Use a scalpel or razor to make a short mid-ventral incision through 
the body wall, just anterior to the pelvic fins.  Be careful not to cut too deeply, so that you can 
avoid damaging any internal organs.  Now hold your scissors as parallel to the ventral surface as 
possible (use the tips of the scissors only) and cut anteriorly along the mid-ventral line until you 
reach the gill chambers.  Be careful not to damage the heart that lies just anterior to the pectoral 
girdle (between the pectoral fins).  You will have to cut through the middle of this bony girdle 
using scissors in order to complete this mid-ventral incision.  Extend this mid-ventral incision 
posteriorly through the pelvic girdle (between the pelvic fins) and nearly to the anus; do not cut 
right to the anus.  Now you will proceed to remove the body wall to access the body cavity and 
organs (see the diagram on your lab sheet to clarify the following cuts).  Just anterior to the anus 
but well posterior to the pelvic fin, make a cut in a dorsal direction up the left side of the body 
until you reach the lateral line.  Next, make a similar cut, on the same side of the body, beginning 
immediately posterior to the base of the pectoral fin until you reach the lateral line.  Next, make a 
longitudinal cut (along the length of the body) along the lateral line to connect your two previous 
incisions, thereby removing all of the body wall from the mid-ventral line to the lateral line.  The 
body cavity or coelom will now be exposed along with the viscera (organs within the coelom). 
 


You should now locate a large, transparent, colourless, balloon-like structure called the 
swim bladder (air bladder).  This structure occupies the whole dorsal portion of the coelom for 
the entire length of the body cavity.  The swim bladder is filled with air and will collapse if 
punctured. 
 


The entire coelom is lined by a thin, transparent sheet of tissue called the peritoneum.  
The peritoneum that lines the wall of the coelom is the parietal peritoneum whereas that covering 
all the viscera, including the swim bladder, is the visceral peritoneum.  The visceral peritoneum 
is continuous with the parietal peritoneum by way of the transparent mesenteries that suspend the 
viscera from the dorsal wall of the coelom. 
 
 
Digestive system:  Note the J-shaped stomach located in the anterioventral part of the coelom.  
The stomach opens by means of a one-way valve, the pylorus, into the intestine.  The intestine 
extends back straight through the coelom to the anus. 
 


You will notice the presence of many pyloric caecae covering the outside of the pyloric 
part of the stomach.  These are diverticula (narrow, blind sacs) that greatly increase the secretory 
area of the stomach.  They may be covered by a considerable amount of white adipose tissue 
(fat). 


W
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Immediately anterior to the stomach is the liver, a brownish organ that connects to the 
anterior end of the intestine by the bile duct.  This duct contains a greenish liquid called bile that 
is produced by the liver, stored in the gall bladder, and is released into the intestine to aid in 
digestion. 
 


The pancreas in most bony fish is a diffuse organ.  It consists of bits of tissue scattered 
throughout the adipose tissue that surrounds the pyloric caecae.  The pancreas will be difficult to 
identify. 
 
 
Urogenital system:  The kidneys run along the dorsal body wall for the entire length of the 
coelom and can be observed through the transparent swim bladder.  The two kidneys lie close 
together and appear as a medial, dark red band.  The swim bladder is situated ventral to and 
immediately against the kidneys. 
 


The gonad is a long white organ that extends most of the length of the swim bladder and 
coelom and occurs lateral to the swim bladder.  This organ is the ovary in the female (producing 
eggs) and the testis in the male fish (producing spermatozoa).  It is suspended from the dorsal 
wall of the coelom by a mesentery.  As in most bony fishes, fertilization is external. 
 
 
Circulatory system:  The heart is located in the pericardial cavity, just anterior to the liver.  
Note that the pericardial cavity is completely walled off from the rest of the coelom.  The coelom 
is thus divided into two compartments: the more anterior pericardial cavity; and, the peritoneal 
cavity that contains all of the other viscera. 
 


The heart consists of two chambers, a small dorsal atrium, and a larger ventral ventricle.  
Dorsal to and opening into the atrium is the dark, thin walled sinus venosus that receives 
unoxygenated blood returning from body tissues.  This unoxygenated blood passes from the 
sinus venosus into the atrium and from there through the atrioventricular valve and into the 
ventricle.  The ventricle then pumps this blood anteriorly through the ventral aorta.  From the 
ventral aorta afferent branchial arteries enter the gills where the blood is oxygenated (see the 
respiratory system below for details).  Once oxygenated the blood is collected by the efferent 
branchial arteries.  Some of this blood is pumped anteriorly into the head through paired carotid 
arteries; the rest is pumped posteriorly through the dorsal aorta that runs along the dorsal midline 
of the coelom, between the kidneys.  Segmented pairs of arteries arise from the dorsal aorta to 
supply blood to the myomeres and other parts of the body wall. 
 
 
Respiratory system: On one side of the fish, remove the operculum completely by cutting 
through its base at the anterior end using scissors.  The gills will now be exposed.  Locate the gill 
arch and the stiff, finger-like gill rakers that project from the anterior (inner) border of the arch 
into the pharynx.  Note the long, red gill filaments that are arranged in two rows along the 
posterior or outer border of the gill arch.  These gill filaments projecting outward and backward 
into the branchial chamber (the cavity that contains the gill filaments and is covered by the 
operculum).  Each gill filament is oriented horizontally and itself is comprised of hundreds of gill 
lamellae that are oriented vertically (See Figure 3).   
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We investigated gas exchange in the earthworm during last week’s laboratory and learned 
that gas exchange is a passive process and occurs exclusively by the process of diffusion.  
Similar to the earthworm, fish have a closed circulatory system, and gas exchange with the 
environment (in this case water) occurs in specialized regions of the body called respiratory 
surfaces.  The respiratory surfaces occur in the gills of fish, specifically the gill lamellae.  The 
lamellae are comprised of a single layer of epithelial cells that surround a net of blood 
capillaries.  The blood becomes oxygenated by diffusion of dissolved oxygen as the water passes 
over the gill lamellae.  Remember from last week that common features of respiratory surfaces 
include: a large surface area to facilitate gas exchange; they are very thin to facilitate the process 
of diffusion (diffusion is effective only over short distances); they are moist because gases must 
be dissolved in water before they can diffuse (fish live in water so this is redundant here); and, 
they are highly vascularized (contain a high density of thin-walled blood vessels called 
capillaries) to facilitate diffusion of gases into blood for circulation. 


   


    
 
Figure 3. Morphology and anatomy of the gills of a bony fish.  Image from BIODIDAC. 
 
 
 
 
Laboratory assignment: 
 
3. Label the diagram of the dissected fish on your lab sheet.  You should have at least 10 


labels (8 of which should be internal anatomy) – NOTE: Fins do not count as labels! 


Gill 
filament 


Gill 
arch Gill 


lamella 
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4. Observe the demonstration that describes counter current exchange to facilitate diffusion 
of oxygen from water and into the gills.  Identify the respiratory surface of fish and 
describe briefly the adaptations that facilitate gas exchange. Be sure to include a brief 
description of how counter current exchange facilitates this process. 


 
5. Complete the Table on your lab sheet to compare and contrast features of Hydra, 


Planaria, a nematode, an earthworm, and a fish.  For each animal, indicate its phylum, 
symmetry, number of embryonic tissues (two or three), type of body cavity 
(acoleomate/pseudocoelomate/coelomate), segmentation (no/yes), and details of the 
circulatory system (no/yes, identify organs), respiratory system (no/yes, identify organs), 
and excretory system (no/yes, identify organs), and skeletal system (no/yes, identify type: 
endoskeleton; exoskeleton; hydrostatic skeleton). 


 
 
 
B.  Dissection of a Vertebrate Eye 
 
1. Introduction.  Many different types of photoreceptors have evolved in animals.  These include 
simple groups of cells that detect only light intensity (e.g. in flatworms) to complex eyes that 
form images (e.g. in squid, insects, and vertebrates).  These are similar in that the various types 
of photoreceptors all contain pigment molecules that absorb light energy.  This absorbed energy 
generates nerve impulses that are processed by the brain and lead to simple behaviours in 
animals such as flatworms or to the formation of images in more complex animals.  Two types of 
image-forming eyes have evolved: compound eyes in insects and crustaceans; and, single-lens 
eyes in molluscs and vertebrates (note: the single-lens eye evolved independently in invertebrates 
and in vertebrates).  The compound eye consists of up to several thousand small light detectors, 
each with its own light-focusing lens.  Many small images are generated by the compound eye, 
which are integrated into an overall image by the brain.  The compound eye is extremely acute at 
detecting movement (it can detect movement that is 6 times faster than what the human eye can 
detect).  The single-lens eye, found in e.g. squids and humans, works in a fashion similar to a 
camera.  The eye has a small opening (the pupil) through which light enters, an adjustable iris 
changes the diameter of the pupil (similar to a camera’s shutter), a single lens behind the pupil 
focuses light onto the retina, which consist of cells with pigment molecules that absorb the light 
energy.  In squids and many fishes, muscles move the lens back and forth to focus the images on 
the retina (similar to a camera’s action).  In contrast, humans and other mammals focus by 
changing the shape of the lens.  You will now examine the anatomy of a vertebrate eye, 
specifically a sheep eye. 
 
 
2. Procedure (work in pairs) 
 
a. External structure.  Obtain an eye and place it in a dissecting tray.   In sheep and other 
vertebrates, the eyes are enclosed within the orbits of the skull and six extrinsic muscles control 
their movements.  The orbits of the skull protect the majority of the eye, while the anterior part is 
protected by the conjunctiva (a thin layer of epithelial cells that produce mucous) and the eyelids.  
Notice the fat that is attached to the eyeball.  The fat provides padding and insulation to further 
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protect the eye.  The sclera (scleroid coat) is the tough, white outer membrane of the eyeball, 
which also provides the eyeball with protection and helps to maintain its shape.  On the anterior 
surface of the eye, the sclera is transparent and is known as the cornea.  When you look at the 
white portion of a person’s eye, what are you looking at?  The optic nerve occurs at the posterior 
of the eye, usually present as a short remnant or stump where it was removed from the skull.  
Note the position of this nerve in relation to the eye.  Is it in the centre of the posterior surface?  
Cut through the remains of the optic nerve at the back of the eyeball being careful not to cut 
through into the eyeball itself.  Isolate the optic nerve by removing the fat that surrounds it or 
observe the cut end at the back of the eyeball.  Notice the thickness of the optic nerve. 
 


b. Internal structure.  Using a sharp scalpel or razor blade, and a pair of scissors, make a 
cross section through the eye.  The cut should be made approximately halfway between the 
anterior and posterior portions of the eye.  Carefully place the anterior portion in such a position 
that the fluids do not leak out.  Observe the posterior portion of the eye and note the large cavity 
filled with a fluid called the vitreous humour.  This fluid has the consistency of tapioca pudding 
and is grey in colour.  Carefully remove the vitreous humour and note the innermost layer of 
tissue.  It may be shriveled and bunched up at one point.  This tissue is the retina and it is the 
functional part of the eye because it contains the photoreceptors. 
 


Look at the inside of the eye where the optic nerve connects to the retina.  Remove the 
retina and note the depression called the optic disk.  A dissecting microscope may be useful to 
observe the optic disk and other parts of the eye as necessary.  What seems to happen to the 
layers of the eye tissue at this point?  This is known as the blind spot because photoreceptors are 
absent - this region of the retina is occupied by the optic nerve.   Hold the drawing of the circle 
and the cross (see Figure 4) about 50 centimetres (about two-thirds of arm’s length) from your 
face with the left eye covered or closed.  Line up the cross with the right eye and, while keeping 
your eye focused on the cross, slowly bring the drawing closer to your face until the circle 
disappears.  Continue to move the drawing closer towards your face until the cross reappears.  
The circle is replaced by a blank white space because the brain simply "fills in" the most likely 
missing information. 


          
 
Figure 4.  Illustration of the blind spot that occurs in our vision.  
 
 


The layer of tissue immediately next to the retina is the pigmented choroid coat.  Use a 
pair of forceps to lift away some of this layer from the outer sclera.  Notice that the choroid coat 
is blue-black in colour.  Of the three layers of tissue (sclera, choroid, and retina), which one 
contributes most to the shape and protection of the eye? 


 
Drain any remaining vitreous humour from the cavity of the anterior portion of the eye 
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and note how far the retina extends anteriorly.  Remove any remaining retinal tissue.  The raised 
portion of the choroid coat that attaches to the lens is called the ciliary body.  It controls the 
shape of the lens as well as the iris.  The iris constitutes the coloured portion of the eye, and the 
light-admitting hole in the choroid coat is called the pupil.  Suspensory ligaments anchor the lens 
to the ciliary body. 
 


Carefully remove the lens and observe that it is quite hard and rubbery.  Why does the 
lens take a biconvex shape?  Immediately anterior to the lens is a ring of tissue.  What name is 
given to the tissue and the hole that is found in the centre?  Observe the fluid that is found in this 
area of the eye.  Compare the colour and viscosity of this aqueous humour to the vitreous 
humour that occurs posterior to the lens. 
 


Looking out from the inside of the eye locate the ciliary muscles that border the iris.  
Gently remove the iris.  What colour is it? 
 
 
 
Laboratory assignment: 
 
6. Identify the structures on the diagram of the eye on your lab sheet. 
 
7. Identify one difference between the compound eye of an insects and the single-lens eye 


that you just dissected. 
 
8. Based on your dissection of the eye, what do you think is the function of the choroid 


coat? (Hint:  What colours would this structure absorb?) 
 
9. What is the role of the iris? 
 
10. Vertebrate eyes contain rod and cone cells.  Rod cells are more sensitive to light but do 


not distinguish colour.  Cone cells can distinguish colour but more light is needed to 
stimulate cones.  In humans, rod cells outnumber cone cells 20 to 1.  Cats have an even 
greater ratio of rod cells to cone cells.  Based on this information, what would you 
hypothesize about the ability to see colours in a nocturnal animal like a cat? 


 
 
 
 
C.  When you are finished using the microscope for the day 
 
1. Turn the light intensity to the lowest setting. 
2. Turn off the power at the back of the microscope. 
3. Turn the revolving nosepiece until the 4X objective is in the optical axis. 
4. Remove the slide from the stage.  Dispose of wet mount preparations at the sink or return 


prepared slides to the center bench. 
5. Open the iris diaphragm completely by turning the lever to the far left of the microscope. 
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6. Unplug the microscope and wrap the power cord around the arm. 
7. Cover the microscope with the dust cover. 
8. Return the microscope to its proper numbered cupboard by carrying it upright and by 


using both hands. 
 
Note:  Failure to complete any of the above steps will result in a deduction of 25% of the value 
of the lab report. 
 
 
 
Laboratory Report 
 


Hand in your lab sheet, your labeled diagrams, and your responses to each question in the 
“Laboratory assignment” sections.
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