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LABORATORY EXERCISE

ANIMAL BIOLOGY - A Systems Approach

Pre-laboratory Assignment


Read the lab exercise to locate the particular sections in your textbook that you will need to solve today’s problems.  Review sections in your text to gain some insight into the larger concepts of support and locomotion (Section 38.3), digestion (Section 42.1), respiration (Sections 41.1 and 41.2) and circulation (Section 39.1).

Introduction


Just as last week, do not put your backpack on the table at your normal seat!  You will again move from station to station throughout the lab to solve a series of problems.  Each station represents a particular problem that various organisms have had to solve to survive.  It’s up to you to figure out how the different types of animals have been able to succeed.

Station # 1 - Support and Movement


Problem 1 - Skeletons:  Hydrostatic, Internal or External?.  Give the function of a skeleton (see Section 38.3 in your textbook).  Last week you contrasted the skeletons of a frog, a bird, a rat, and a human to see which bones had been modified for particular life styles.  This week we want to take a somewhat broader view and ask you to determine the function of a skeletal system and to contrast different ways of achieving the same goal.



At this station you will find a member of the jellyfish class (Phylum Cnidaria, Class Scyphozoa - Section 26.5), an arthropod (Phylum Arthropoda, Class Insecta - Section 26.14), and a vertebrate (Phylum Chordata, Class Mammalia - Section 38.5).  List each with the type of skeletal system that it represents.  Describe how each works and give the advantages and disadvantages of each system.






Type


How it works

Advantages/Disadvantages

Jellyfish

Grasshopper

Rat


Problem 2 - Leverage and Joints:  movement.  Here you have a human skeleton.  By this time you should have realized that both muscles and skeletons are required for movement.  The skeleton provides the rigid resistance while the muscle provides the force to move the body part through a particular arc or range of motion.  Of course, there must be a joint between the two sites of a muscle’s attachment or it would contract without moving anything.  Your text (Section 38.5) describes three types of joints based on the type of bridging connective tissue.  We, however, are going to recognize four fundamentally simple mechanical joints.  On the table next to the skeleton are a series of mechanical joints.  Find the comparable joint in the human skeleton (see Sections 38.5 and 38.6 in your textbook) and describe how each works.

JOINT TYPE



Location


Function

Hinge Joint

Ball and Socket Joint

Saddle Joint

Gliding Joint

Station # 2 - Digestion 


Problem 1 - The Digestive System;  all guts, no glory!  Different species have evolved to fill different niches and show adaptations to those niches (remember last week’s lab?).  At this station you will find the skulls of a mammalian carnivore, an omnivore and a herbivore.  You should be able to identify these dietary specializations by the shape of the teeth.  You and your laboratory partner should select one of these organisms as your test animal.  You will then move station by station through the digestive system determining the function of each structure and how it should be constructed to match your organism.  The first step in playing “Build A Gut” is to look at the mouth, pharynx and esophagus.  Give the function of each (Section 42.1):

mouth -

pharynx -

esophagus - 

Given the structure of the teeth, what type of organism did you pick? ________________.  The function of the teeth is grinding and tearing food to increase the surface area.  Obviously the more difficult the food is to digest the finer it should be chopped by the teeth so that there is more surface area on which the digestive enzymes can work.  Based on the structure of the teeth of your organism, will the food be chopped into large, medium or fine pieces (remember that this says something about overall digestibility)? __________________.


Problem 2 - The stomach.  What are the functions of the stomach?  (see Section 42.2)



1.



2.



3.

Of the two stomachs shown here, which is more likely to be appropriate for your organism?  _______.  Explain why you think this is the appropriate stomach type.


Problem 3.  Small Intestines.  What are the functions of the small intestines?  (see Section 42.3)


One of the “magic” answers in biology is “expands surface area for digestion.”  The small intestines represent a classical example of this principle.  Describe three different ways to expand the surface area of the small intestine to enhance digestion (see Section 42.4).

1.

2.

3.


Each of the three organisms that you had to choose from had different dietary requirements.  Those different food items are broken down by different enzymes.  Using Table 42.1 on p. 720 of your text, speculate on which groups of enzymes would be necessary for your chosen organism.


Problem 4 - the colon.  What are the functions of the large intestines or colon?  (see Section 42.5)

What is the function of bulk in this system?  Will the statements in the text about bulk apply to your chosen organism?  Why or why not?

Locate all the parts of the digestive system and the accessory glands on the rat dissection.

Station # 3 - Respiration and Circulation.  The fundamental nature of respiration (Section 41.1) is inextricably linked with that of the circulatory system (Section 39.1) and the digestive system (Section 42.1).  Since we have already examined the digestive system, we will focus on the gaseous exchange connection which serves to get oxygen to the mitochondria in the cells and to carry away waste compounds like CO2.  Why do the mitochondria need this oxygen?  (see p. 124 - Overview of Aerobic Respiration in your text and label the oxygenation diagram in your manual).


Problem 1.  Gills vs. Lungs vs. Air Sacs.  A fish and a bird are at this station.  You will serve as the comparative mammal.  You certainly recognize that a fundamental difference between a fish and yourself is that a fish breathes underwater while you breath in the air.  This creates problems for the fish since water is much more dense than air.  It also holds less oxygen.  A fast running, cool mountain stream may reach 10.29 ml of O2 per liter at STP.  By contrast, the air that you are breathing right now has approximately 210 ml O2 per liter.  To add to the fishes difficulties, increased temperature, stagnation, and salinity significantly reduce the amount of oxygen.  Both you and the fish need expanded surface area for effective gas exchange.  How do the two of you meet this need?  (see Sections 41.2 and 41.3).


Problem 2.  Still contrasting the fish and yourself, speculate on how the fish manages to be active in an environment that has so much less oxygen available than your own.  HINT:  look for the phrase “countercurrent flow!”


Problem 3.  Now for the bird.  You understand how much energy is required for a bird to defeat the force of gravity and fly.  Everything about the bird’s body is designed either to increase energy or decrease weight.  They eat high energy foods like seeds and fruits; their bones are fused and hollow; hens’ teeth are rare because they cost too much in terms of weight.  If a bird is that much more metabolically active than you, it is reasonable to assume that the bird must get more oxygen to its tissues.  Using Figure 41.8 on page 699 of your text, explain how this might be achieved.

Station 3.  Circulation - “You’ve gotta have heart” sung with melodic overtones.


Problem 1.  How does the heart work?  Label the parts of the heart on the diagram in your lab manual.  Indicate the pathways of blood flow.  Now look at the heart on the table.  No, contrary to popular opinion, this was not ripped from the body of a student who questioned the value of this exercise.  This is a pig’s heart which has been plastinated for durability and to reduce the number of specimens required for laboratories.  You have already plotted the path of blood flow and labeled the parts of the heart from Section 39.4 in your text but things are never as simple in reality as they are diagramtically.  We want you to look at the actual heart and see if you can determine the route of blood flow based on the actual construction of the heart.  Clues will be present in the thickness of the ventricular walls and in the direction of blood vessels entering and leaving the heart.


Problem 2.  One of the first ways that a physician or a nurse will evaluate your heart function is to take your blood pressure.  What do the systolic and diastolic pressures tell us?  (see Section 39.5).  

Use your partner and the instruction on the table to take your partner’s blood pressure.  Then have them take yours.  How far off from the norm are you and your partner?  How could your blood pressure be controlled if it were abnormal at this time?

Your blood pressure                    /                           Your partner’s blood pressure                  /

Expected norm (from your text)                     /

natural control mechanisms:

