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Course Syllabus Biology 2 
Mattayomsuksa 4  Rattanakosinsompote Borworniwet Salaya school, Thailand 

Full course Time:  60 hours      Teacher, facilitator: Sipsang Sukphol 
2nd semester, Academic year 2011 

Name-Surname................................................................................................................ Class......................NO...................... 

Hour Date content 
Score 

Hour Date content 
Score 

full Get Full Get 
1  Chapter 1 : Circulatory system 

Basic circulation (A&H) 
- - 28  Human Excretion 10(1)  

2  Basic circulation 2 10(1)  29  Chapter 6 : Animal Movement  
Animal &Human locomotion  

10(1)  

3  Human heart & Blood vessel 10(1)  30  Bone joints and types of muscle 10(1)  
4  Human blood circulation 10(1)  31  Muscle unit contraction 10(1)  
5  Blood pressure velocity & Area 10(1)  32  Test 4 (27-31) 20(5)  
6  Blood corpuscle/rbc/wbc. 10(1)  33  Chapter 7 : Nervous  system 

Nervous system(NS): Invertebrate 
10(1)  

7  Blood clotting 10(1)  34  Neuron, Types of neuron 10(1)  
8  ABO Blood type & Rh antigen 10(1)  35  Working of NS. & Reflex arc. 10(1)  
9  Lymphatic system 10(1)  36  Memb. Potential & Action Potential 10(1)  
10  Chapter 2 : Immune system 

Immune system / Innate Im. 
-  37  Propagation & Saltatory Conduction 10(1)  

11  Acquired Immunity +Homework 10(1)  38  Chemical & Electrical Synapses 10(1)  
12  Immunity disorder : Allergy etc. 10(1)  39  CNS/PNS 10(1)  
13  Test 1 (1-12) 30(10)  40  Human brain Structure & function 10(1)  
14  Chapter 3 : Respiratory system 

Gas Exchange in animal 
10(1)  41  Human Sense Organs 10(1)  

15  Human respiratory organs 10(1)  42  Laboratory 2 : Sense Organs 10(1)  
16  In & Exhalation mechanism 10(1)  43  Test 5 (33-42) 30(10)  
17  Gas exchange in lungs 10(1)  44  Chapter 8 : Endocrine system 

Endocrine system 
10(1)  

18  Laboratory 1 : Lung Volume 10(1)  45  Conclude Hormone 1 10(1)  
19  Test 2 (13-18) 20(5)  46  Conclude Hormone 2 10(1)  
20  Chapter 4 : Homeostasis 

Homeostasis, Homeo. In plants 
10(1)  47  Conclude Hormone 3 10(1)  

21  Homeostasis, Nephorn 10(1)  48  Pheromone 10(1)  
22  Homeostasis, Acid base 10(1)  49  Chapter 9 : Animal Behavior 

Behavior : Inherited  Behavior 
10(1)  

23  Homeostasis in other animals 10(1)  50  Learning Behavior 10(1)  
24  Human Thermoregulation 10(1)  51  Social Behavior 10(1)  
25  Test 3 (20-24) 20(5)  52  Guess situation 10(1)  
26  Midterm Examination (1-25) 60(10)  53  Individual study 10(1)  
27  Chapter 5 : Excretory system 

Animal Excretion 
10(1)  54  Final Examination (44-54) 60(10)  

     55  summation 100  
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 Biology is a branch of science that study about life.  In this book, I collect the lesson documents from the 
internet and rearrange, I try to search  many document that involved  in your curriculum. Now, it’s complete for using 
in the classroom activities.  I  attached  many worksheets, activities and exercise in this book too. 
 Biology 2 worksheets and Instruction for EIS students by Sipsang Sukphol is the special book that  you  will 
use to study  including  9 chapters of animal and human Physiology. Except digestive system and reproductive system 
which we studied in 1st  semester. Now  you will complete your knowledge about your all body system. 
 To study biology it’s not only in the classroom. Because of time, so you have to use your extra time to 
practice yourself. Try to make concept map and link your concept to spread to another involved one.  
 I hope that this book will help you on preparing your studying before classroom and  you can review you 
lesson whenever and wherever  you want. 
 
 
 
      ‚Do better than the best, today not waiting for tomorrow‛ 
           

Sipsang  Sukphol 
         October  2 th , 2011 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Preface 
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Content 
Hour content Page Hour content Page 

1 Chapter 6 : Circulatory system 
Basic circulation (A&H) 

8 27 Chapter 10 : Excretory system 
Animal Excretion 

67 

2 Basic circulation 2 9 28 Human Excretion 69 
3 Human heart & Blood vessel 10 29 Chapter 11 : Animal Movement  

Animal &Human locomotion  
74 

4 Human blood circulation 12 30 Bone joints and types of muscle 77 
5 Blood pressure velocity & Area 14 31 Muscle unit contraction 79 
6 Blood corpuscle/rbc/wbc. 16 32 Test 4 (27-31) - 
7 Blood clotting 18 33 Chapter 12 : Nervous  system 

Nervous system(NS): Invertebrate 
86 

8 ABO Blood type & Rh antigen 20 34 Neuron, Types of neuron 87 
9 Lymphatic system 22 35 Working of NS. & Reflex arc. 91 
10 Chapter 7 : Immune system 

Immune system / Innate Im. 
27 36 Memb. Potential & Action Potential 92 

11 Acquired Immunity +Homework 29 37 Propagation & Saltatory Conduction 95 
12 Immunity disorder : Allergy etc. 33 38 Chemical & Electrical Synapses 96 
13 Test 1 (1-12) 35 39 CNS/PNS 97 
14 Chapter 8 : Respiratory system 

Gas Exchange in animal 
41 40 Human brain Structure & function 98 

15 Human respiratory organs 43 41 Human Sense Organs 103 
16 In & Exhalation mechanism 45 42 Laboratory 2 : Sense Organs 118 
17 Gas exchange in lungs 47 43 Test 5 (33-42) 120 
18 Laboratory 1 : Lung Volume 49 44 Chapter 13 : Endocrine system 

Endocrine system 
125 

19 Test 2 (13-18) - 45 Conclude Hormone 1 128 
20 Chapter 9 : Homeostasis 

Homeostasis, Homeo. In plants 
56 46 Conclude Hormone 2 132 

21 Homeostasis, Nephorn 57 47 Conclude Hormone 3 133 
22 Homeostasis, Acid base 58 48 Pheromone 133 
23 Homeostasis in other animals 60 49 Chapter 14 : Animal Behavior 

Behavior : Inherited  Behavior 
147 

24 Human Thermoregulation 62 50 Learning Behavior 152 
25 Test 3 (20-24) - 51 Social Behavior 156 
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Biology 2 subjective explanation 
 

  Mattayomsuksa 4  Rattanakosinsompote Borworniwet Salaya school, Thailand 
Full course Time:  60 hours (3Hrs/week) Teacher, facilitator: Sipsang Sukphol 

2nd semester, Academic year 2011 
 

To study  and analyze the Biology of Physiology , Circulatory system, Immune system, Respiratory 
system, Homeostasis, Excretory system, Animal Movement, Nervous  system, Endocrine system, Animal 
Behavior and the speech , for  the knowledge , thinking , understanding , and can communicate the 

things that learned, there is the ability in the making a decision , lead the knowledge for  using in the 
every day life , have a positive on science attitude, morality , the virtue and the popularity that are 
appropriate and announce the knowledge to Thai social and world social in the role of a world citizen. 
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Learning Objectives 
Chapter Learning Objectives 

6 
Circulatory 
System 

1. Explain  and compare the differences of Closed and opened Circulatory system. 
2. Explain about human heart and blood vessel.  
3. Explain blood pressure, velocity and area. 
4. Explain compositions of blood, red blood cell white blood cell  and platelet. 
5. Draw the diagram about ABO blood type transfer and Rh antigen. 
6. Explain Lymphatic system, Lymphatic organ. 

7 
Immune 
System 

7. Compare Anatomic Barriers and Physiological Barriers. 
8. Explain acquired immunity and Innate immunity. 
9. Explain Types of acquired immunity. 
10. Explain function of B-cell and T-cell. 
11. Explain disorder of Immune system. 

     8 
Respiratory 
System 

12. Explain Gas exchange in animal. 
13. Explain human respiratory system. 
14. Compare Inhalation and Exhalation mechanism. 
15. Explain Respiratory volume and lung capacities. 
16. Do experiment about your lung volume and capacities. 

9 
Homeostasis 

17. Explain homeostasis in plant and stomata closing and opening mechanism. 
18. Explain about Acid-base homeostasis mechanism. 
19. Explain human nephron structure and functions. 

10 
Excretory 
System 

20. Explain kidney regulation and functions. 
21. Explain homeostasis in other animal. 
22. Explain Thermoregulation. 

11 
Animal 

Movement 
 

23. Explain  animal and human locomotion. 
24. Explain animal structure and movement. 
25. Explain  human muscular system and skeletal system. 
26. Explain Bone joint and type of muscular cell. 
27. Explain muscle unit contraction. 

12 
Nervous 
system 

28. Explain animal nervous system. 
29. Explain Type and Structure of neuron. 
30. Compare PNS and CNS. 
31. Explain Somatic nervous system and autonomic nervous system. 
32. Explain reflex arc. 
33. Explain membrane potential  action potential and Propagation of action potential. 
34. Explain types of synapse. 
35. Explain Structure of brain and spinal cord. 
36. Compare parasympathetic nervous system and Sympathetic nervous system. 
37. Explain Structure and function of sense organs.  
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Learning Objectives 
Chapter Learning Objectives 

13 
Endorine 
System 

38. Explain  and compare the differences of Exocrine gland and Endocrine gland. 
39. Explain about human hormones.  
40. Conclude source organ, target organs and their function of hormones. 
41. Explain disorders of hormones. 
42. Explain about animal pheromone and human Pheromone 
43. Search data about hormones. 

14 
Animal 

Behaviors 

44. Compare Innate behaviors and Learned behaviors. 
45. Explain Taxis  kinesis reflex  chains of reflexes and Fixed action pattern. 
46. Explain habituation, Imprinting, Conditioning, Trial and Error and Insight 
47. Explain Social behavior , Communications. 
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Chapter 6 : Circulatory System 
Basic circulation (A&H)   (2 hr.) 

1. Read the passages  below and highlight or underline the main Idea (20 Minutes) 

 Let’s see the video clip A41 about open & closed circulatory system. And answer the questions. (30 Minutes) 

1. How many types of circulatory system?  Answer...............................................................................   
2. What do both Closed and Opened circulatory systems have? Answer................................................ 
3. What kind of circulatory system do you can find hemolymp? Answer............................................... 
4. Where is the blood in closed circulatory system? Answer................................................................... 
5. Which is the human circulatory system, opened or Closed?  Answer.................................................. 

 Note summary : My Video teaching  (30 Minutes) 
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________

Closed circulatory system  
Vertebrates, and a few invertebrates; mollusks: 
(squid/octopus) have a closed circulatory 
system. 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.  

          

Open circulatory system  
The open circulatory system is common to mollusks 
(clam/oyster) 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.  
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__________________________________________________________________________
__________________________________________________________________________ 
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________ 

 

  Check your knowledge by write true or false about these sentences. (15 Minutes) 
1. ___ In Arthropod and most squid, Blood bathes the organs directly in an open circulatory system. 
2. ___ A fish heart has three main chambers One ventricle and two atria. 
3. ___ The pulmo-cutaneous circuit and the systemic circuit are found in reptiles. 
4. ___ Arteries carry blood to capillaries. 
5. ___ Crocodile, Bird and human have 4 chambered-hearts. 
6. ___ The fish’s heart pumps only oxygenated blood (oxygen rich blood). 
7. ___ In an open circulatory system blood and interstitial fluid are the same (hemolymph). 
8. ___ Veins return blood from capillaries to the heart. 
9. ___ In frog, The left side of the heart pumps and receives only oxygen-rich blood. 
10. ___In a closed circulatory system blood is confined to vessels and is distinct from the interstitial 
fluid. 
After finish: Exchange with your friend and check the answer and give back for fill your score. 
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 Human heart & Blood vessel  (1 hr)   

1. See picture below and paint blood colors and memorize each structure of heart. (20 Minutes) 
           
 
 
 
 
 
 
 
 
 
 
 
 
                            Compare and think....... you will find the name of valves. 
     
B 
 

Human Blood vessel 

2. Read the passages below and highlight or underline the main Idea (20 Minutes) 
  There are three varieties of blood vessels: arteries, veins, and capillaries. During blood circulation, 
the arteries carry blood away from the heart. The capillaries connect the arteries to veins. Finally, the 
veins carry the blood back to the heart. 
  If you took all of the blood vessels out of an average child, and laid them out in one line, the 
line would be over 60,000 miles long! An adult's’vessels would be closer to 100,000 miles long! 

 

A  C  
B  D  

 Pulmonary artery  
: have valves, carry 
Oxygen poor blood 

 Pulmonary vein  
: no valves, carry 
Oxygen rich blood 
 

http://www.fi.edu/learn/heart/vessels/arteries.html
http://www.fi.edu/learn/heart/vessels/veins.html
http://www.fi.edu/learn/heart/vessels/capillaries.html
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The biggest artery is called............................, The smallest vein is called............................................ 
      The smallest blood vessel is called....................., The biggest vein is.................................................... 

 
 Let’s see the video clip A42 about Types of Blood vessel . And answer the questions. (30 Minutes) 

1. How many types of Blood vessel ?  Answer........................................................................................   
2. What blood vessel does carry blood away from the heart?  Answer................................................ 
3. What blood vessel does connect the arteries to veins? Answer............................................................ 
4. What blood vessel does carry the blood back to the heart? Answer................................................... 
5. What blood vessel does transfer wastes in to the blood ?  Answer.................................................. 

 Math left column and right column by fill the alphabet choice. 
1. walls are only one cell thick  A Left atruim 
2. obtain oxygen rich blood from Pulmonary vein B Left ventricle 
3. include valves that aid the return of blood to the heart C venule 
4. the pulmonary artery and the aorta D Vena cava 
5. Separate  atrium from ventricle  E Right atruim 
6. obtain oxygen poor blood from Vena cava F Left atrium 
7. The thickest wall of the heart’s chamber G Capillary 
8. Receive blood from capillary H Semilunar valves 
9. Send Oxygen poor blood to the heart I veins 
10. Pump blood to the body J AV valves 
 
After finish: Exchange with your friend and check the answer and give back for fill your score. 
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Human blood circulation (1 hr.) 

1. See picture below and paint blood colors and study direction of blood circulation. (15 Minutes) 
 

 
 Let’s see the video clip A43 about Human blood circulation . And answer the questions. (10 Minutes) 

1. After leaving the left ventricle, blood enters directly into the_________________________ 
2. Blood enters the left atrium through the_______________________________________ 
3. Which structure does blood pass through Immediately before it enters the right atrium? 
______________________________________________________________________ 
4. Which structure does blood pass through Immediately before it enters the left ventricle? 
______________________________________________________________________ 
5. Blood from the pulmonary veins enters which heart chamber? ________________ 
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 Note summary : My Video teaching  (15 Minutes) 
__________________________________________________________________________
__________________________________________________________________________ 
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________ 
__________________________________________________________________________
__________________________________________________________________________ 

 Draw the Blood circulation diagram that show about these parts: Superior vena cava  
Inferior vena cava,  Left atrium,  Right atrium,  Left ventricle, Right ventricle, Pulmonary artery  
Pulmonary vein, Aorta, Head & Arms, Body & Legs, Bicuspid Valve, Tricuspid Valve 
Pulmonary semilunar valve, aortic semilunar valve, lung (Label each structure, draw arrow for show the 
direction of blood flow) (15 Minutes) 
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Blood pressure velocity & Area (1 hr) 

1. Read the passages below and highlight or underline the main Idea (20 Minutes) 

 
  Blood pressure (BP) is the pressure exerted by circulating blood upon the walls of blood vessels, and is one 
of the principal vital signs. During each heartbeat, BP varies between a maximum (systolic) and a minimum (diastolic) 
pressure. The mean BP, due to pumping by the heart and resistance to flow in blood vessels, decreases as the 
circulating blood moves away from the heart through arteries. Blood pressure drops most rapidly along the small 
arteries and arterioles, and continues to decrease as the blood moves through the capillaries and back to the heart 
through veins. Gravity, valves in veins, and pumping from contraction of skeletal muscles, are some other influences on 
BP at various  places in the body. 
  The term blood pressure usually refers to the pressure measured at a person's upper arm. It is measured 
on the inside of an elbow at the brachial artery, which is the upper arm's major blood vessel that carries blood away 
from the heart. A person's BP is usually expressed in terms of the systolic pressure over diastolic pressure (mmHg), 
for example 120/80. A sphygmomanometer, a device used for measuring arterial pressure. Blood flow is the volume 
of blood that flows past a certain point in the cardiovascular system during a specified amount of time. The driving 
force behind blood flow is blood pressure. 

  Let’s see the video clip A44 about blood pressure. And answer the questions. (10 Minutes) 

1. On video , the equipments that use for  measure blood pressure are.................................................................................... 
2. The number of heart contract  is ...................................... pressure. 
3. The number of heart relax is ..................................................pressure. 
4. How many different about  systolic pressure and diastolic pressure (on video) ? .......................................................... 
5. Which type of blood vessel  does be measured for blood pressure ? 

................................................................................................................................................................................................................................. 

http://en.wikipedia.org/wiki/Pressure
http://en.wikipedia.org/wiki/Blood
http://en.wikipedia.org/wiki/Blood_vessel
http://en.wikipedia.org/wiki/Vital_signs
http://en.wikipedia.org/wiki/Systole_(medicine)
http://en.wikipedia.org/wiki/Diastolic
http://en.wikipedia.org/wiki/Circulatory_system
http://en.wikipedia.org/wiki/Heart
http://en.wikipedia.org/wiki/Artery
http://en.wikipedia.org/wiki/Arterioles
http://en.wikipedia.org/wiki/Capillary
http://en.wikipedia.org/wiki/Vein
http://en.wikipedia.org/wiki/Arm
http://en.wikipedia.org/wiki/Elbow
http://en.wikipedia.org/wiki/Brachial_artery
http://en.wikipedia.org/wiki/Torr
http://en.wikipedia.org/wiki/Sphygmomanometer
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  See the picture below and fill the answers in the table. (15 min) 

 

 

 

 

 
 

 

 

Type of Blood vessel Artery Vein Capillary 

1. Meaning/limited term     

2. O2  content    
3. size Aorta> Vena cava>  
4. velocity     
5. blood pressure     
6. Total Area diameter    

  Check your knowledge by write true or false about these sentences. (15 Minutes) 
1. ___ Aorta has the highest blood pressure. 
2. ___ Capillaries have the lowest velocity. 
3. ___ Q = Av, where Q is blood flow, A is the total cross-sectional area, and v is the velocity. 
4. ___ The Aorta have the greatest total cross-sectional area. 
5. ___ v = Q/A, so the Vena cava have the lowest velocity. 
6. ___ Vena cava have the lowest blood pressure. 
7. ___ The Healthy adult human  is spoken [in the US] as "one-twenty over eighty". 
8. ___ Arterial pressure is most commonly measured via a sphygmomanometer. 
9. ___ Systolic pressure is peak pressure in the arteries, which occurs near the end of the cardiac 
cycle when the ventricles are contracting. 
10. ___Diastolic pressure is minimum pressure in the arteries, which occurs near the beginning of the 
cardiac cycle when the ventricles are filled with blood. 
After finish: Exchange with your friend and check the answer and give back for fill your score. 

http://en.wikipedia.org/wiki/Sphygmomanometer
http://en.wikipedia.org/wiki/Cardiac_cycle
http://en.wikipedia.org/wiki/Cardiac_cycle
http://en.wikipedia.org/wiki/Ventricle_(heart)
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Blood corpuscle/rbc/wbc. 

        1. See the picture below and highlight or underline the main Idea (20 Minutes) 

 

 ** Granulocyte = have granule in cell   *Agranulocyte = without any granules in cell.    
Note: RBC= matures in about 7 days ,100-120 life span, produced and destroyed at  red bone marrow, spleen, liver. 
WBC= formed in bone marrow. Especially T-cell developed in Thymus. 

Types and functions of white Blood Cell 
Type Life span in blood  function 

Neutrophil ** 7 hours Phagocytosis 
Eosinophi l** 8-12 days Against Parasite 
Basophil ** A few hours Allergy/Inflamatory 
Monocyte* 3 days Immune surveilance 
B-lymphocyte* Memory cell may 

live for years 
Antibody production 

T-lymphocyte* Memory cell may 
live for years 

Cellular Immune  
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 Let’s see the video clip A45 about types of blood and fill the information in the table. (10 Minutes) 

 
Function /Qualification 

blood corpuscle 

Red Blood cell White blood cell Platelate 
   
   
   

 

 Check your knowledge by choose the best answer. (15 Minutes) 
1. Which statement is Not true about red blood cells?   
a) The are biconcave disks that lack nuclei.     b) Their normal life span is about 120 days.   
c) Hemoglobin is a protein that binds oxygen to transport it. d) They are mainly produced in the liver. 
2. Which kind of white blood cell is involved in the production of antibodies?   
a) neutrophils       b) lymphocytes      c) monocytes      d) erythropoietin      e) macrophage 
3. Which type of blood component is involved in the initiation of clotting?   
a) red blood cells     b) white blood cells  c) plasma proteins      d) platelets 
4. Which of the following cells is most closely associated with phagocytosis?   
a) neutrophils     b) plasma cells      c) B cells       d) memory cells       e) platelets 
5. The amount or percentage of water found in human blood is about _____ percent.   
a) 25          b) 50          c) 66          d) 85          e) 92 
6. The fluid component of blood is called.......................   
a) myocardium     b) hemoglobin     c) plasma     d) hemocyanin      e) erythrocytes 
7. Which kind of white blood cell is not granulocyte? (you can answer more than 1.) 
a) neutrophils       b) lymphocytes      c) monocytes      d) eosinophil      e) basophil 
8. Which of proteins can be found in plasma?  (you can answer more than 1.) 
a) fibrinogen       b) Immunoglobulin     c) Antibiotics      d) pepsinogen      e) albumin 
 
After finish: Exchange with your friend and check the answer and give back for fill your score. 

  Fill the missing word in the blanks. 
 Erythrocytes, ________, and platelets all 
develop from a common source. 
 A single population of cells called 
_____________________ cells  
in the red marrow of ____________. 
 Lymphiod stem cell produced _______ 
, that divided in 2 types B-cell &________. 
 
 



 Selected and Edited by Sipsang Sukphol   

Department of Science, RattanakosinSompoteBorworniwetSalaya School Nakornpathom, Thailand 

18 

  Blood clotting (Blood coagglulation) 

          1. See the picture and passage below and highlight or underline the main Idea (20 Minutes) 

          
   The production of a mass of semisolid material at the site of an injury that closes the wound, 
helping to prevent further blood loss and bacterial invasion. The clot is formed by the action of clotting 
factors and platelets. Damage to tissue triggers a series of reactions involving thromboplastin (a 
glycoprotein), calcium ions, phospholipids (from platelets), and clotting factors, which results in the 
conversion of prothrombin in the blood to its enzymically active form thrombin. Thrombin catalyses the 
formation of the insoluble protein fibrin from soluble fibrinogen; the fibrin forms a fibrous network in 
which blood cells become enmeshed, producing a clot. 

 

 Let’s see the video clip A46 about How does blood clot and answer the question. (10 Minutes) 

1. 4 main things that make blood clotting are____________________________________________. 
2. ‚Other cells‛  in the video clip  are_________________________________________________. 
3. The terminal factor that involve about blood clotting is______________________________________. 
4. ‚Temporary plug‛ are___________________________________________________________. 
5. What factors do act as glue? ___________________________________________________. 

http://science.jrank.org/pages/13394/clotting-factors-(coagulation-factors).html
http://science.jrank.org/pages/13394/clotting-factors-(coagulation-factors).html
http://science.jrank.org/pages/18276/platelet-(thrombocyte).html
http://science.jrank.org/pages/18580/prothrombin-(Factor-II).html
http://www.youtube.com/
http://www.youtube.com/
http://www.youtube.com/
http://www.youtube.com/


Biology 2 Worksheets and Instruction for EIS Students by Sipsang Sukphol 
 

19 

 Complete the missing information on the picture below. (10 Minutes) 

 

  Read carefully and order the blood clotting steps. (20 Minutes) 

1. The threads of fibrin become interwoven into a patch. 
2. The clotting process is conversion of fibrinogen to fibrin.  
3. Thrombin itself is an enzyme that catalyzes the final step of the clotting process. 
4. To converts a plasma protein called prothrombin to its active form, thrombin. 
5. Fibrin is formed via a multistep process: Clotting factors released from the clumped platelets or damaged cells 

mix with clotting factors in the plasma, forming an   activation cascade. 
6. This seal is reinforced by a clot of fibrin when vessel damage is severe.  
7. The platelets form a  plug that provides emergency protection against blood loss. 
8. Platelets adhere to collagen fibers  in  the connective tissue and release a substance that makes nearby 

platelets sticky. 
9. The clotting process begins when the endothelium of a vessel is damaged.  
10.  It ‘s exposing connective tissue in the vessel wall to blood.  

Start with  9  _____________________________________________ 
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ABO Blood type & Rh antigen 

  1. See the picture below and conclude for your knowledge. (20 Minutes) 

 

1._________________________________________________________________________________
2.________________________________________________________________________________ 
3.________________________________________________________________________________ 
4.________________________________________________________________________________ 
5._________________________________________________________________________________ 

 Let’s see the video clip A47 about Blood group and blood compatibility and Identify blood group. (10 Minutes) 

There are 2 drops on slide. The left drop is mixed with Anti-A, and the right one is mixed with Anti-B. (4 points) 
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Rh factor blood grouping system 

          Many people also have a so called Rh factor on the red 
blood cell's surface. This is also an antigen and those who have it 
are called Rh+. Those who haven't are called Rh-. A person with Rh- 
blood does not have Rh antibodies naturally in the blood plasma (as 
one can have A or B antibodies, for instance). But a person with 
Rh- blood can develop Rh antibodies in the blood plasma if he or she 
receives blood from a person with Rh+ blood, whose Rh antigens can 
trigger the production of Rh antibodies. A person with Rh+ blood can 
receive blood from a person with Rh- blood without any problems. 

The transfusion will work if a person who is going to receive blood has a blood group that doesn't have any 
antibodies against the donor blood's antigens. But if a person who is going to receive blood has antibodies matching 
the donor blood's antigens, the red blood cells in the donated blood will clump. 

 

People with blood group 0 Rh - are called "universal donors" and people with blood group AB 
Rh+ are called "universal receivers."  
Rh+ blood can never be given to someone with Rh - blood, but the other way around works. 
For example, 0 Rh+ blood can not be given to someone with the blood type AB Rh -. 

 Let’s see the video clip A48  about Erythroblastosis fetalis  and conclude (10 Minutes) (6 points)

 
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________ 
__________________________________________________________________________ 
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Lymphatic system 
    1. See the picture and passage below and highlight or underline the main Idea (20 Minutes) 
  Understanding the lymphatic system 

  The lymphatic system consists of 
organs, ducts, and nodes. It transports a 
watery clear fluid called lymph.  This fluid 
distributes immune cells and other factors 
throughout the body. It also interacts with 
the blood circulatory system to drain fluid 
from cells and tissues.  
  The lymphatic system contains 
immune cells called lymphocytes, which 
protect the body against antigens (viruses, 
bacteria, etc.) that invade the body.  
 
 
 
  

Main functions of the lymphatic system  
  to collect and return interstitial fluid, including plasma protein to the blood, and thus help maintain 

fluid balance,  
  to defend the body against disease by producing lymphocytes,  
  to absorb lipids from the intestine and transport them to the blood. 

  Let’s see the video clip A48 about Lymphatic system and  conclude.  (10 Minutes)  

__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________ 

http://creationwiki.org/File:Lymphatic_system.jpg
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 Fill the part of body about lymphatic system.  

 

      Color or star the lymphatic organs that produce or develop lymphocyte on the picture above.   

 Check your knowledge by write true or false about these sentences. (15 Minutes) 

_____1.  Lymphatic system concern about transportation of gas from the cell. 
_____2. The spleen is the largest lymphatic organ. 
_____3. Lymph is without white blood cell and platelets. 
_____4.  5 Lymph nodes that located at the neck are called ‚Tonsil‛ 
_____5. There are valves inside the lymphatic ducts.  
_____6. There are 2 directional transport of lymph, transport to the heart and leave form the heart.  
_____7. Thymus gland produces ‚Antibody‛ to the blood stream. 
_____8. Lymphatic vessel looks like vein more than artery. 
_____9. Lymph node is the place that produces lymphocyte. 
_____10. T-cell is only developed at thymus gland. 
After finish: Exchange with your friend and check the answer and give back for fill your score. 
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See YouTube video clip and note  the main idea or extra details. 

 

Share & Extend: Share with your friends and extend your knowledge    

 

Integrated knowledge   with  Thailand sufficient economics Theory 
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Chapter 7: The Immune system 
    1. Read passage below and highlight or underline the main Idea. (20 Minutes) 

The immune system is the body's defense against infectious organisms and other invaders. Through a series 
of steps called the immune response, the immune system attacks organisms and substances that invade body systems 
and cause disease. 
  The immune system is made up of a network of cells, tissues, and organs that work together to protect the 
body. The cells involved are white blood cells, or leukocytes, which come in two basic types that combine to seek out 
and destroy disease-causing organisms or substances (antigens). Any antigen that breaches these barriers can trigger 
two types of immune response: innate(Nonspecific) and acquired(Specific) immunity. 

Innate (Nonspecific) Immunity - The term, Innate immunity, refers to the basic resistance to disease that a 
species possesses - the first line of defense against infection.  
The characteristics of the innate immune response include the following:  

- Responses are Broad-Spectrum (non-specific)  
- There is no memory or lasting protective immunity  
- There is a limited repertoire of recognition molecules  
Potential pathogens are encountered routinely, but only rarely cause disease. The vast majority of 

microorganisms are destroyed within minutes or hours by innate defenses. The acquired specific immune response 
comes into play only if these innate defenses are breached.  
In this lecture we will review the elements of the innate immune response.  
Anatomic Barriers  
Skin (physical barrier, low pH due to lactic and fatty acids)  
epidermis - thin outer layer containing tightly packed epidermal cells and keratin (water-proofing) completely renewed 

every 15-30 days.  
dermis - thicker inner layer contains sebaceous glands associated with hair follicles -   
produce sebum which consists of lactic and fatty acids maintaining a pH 3-5.  
Mucous membranes (ciliated epithelial cells; saliva, tears and mucous secretions) - GI, 
urogenital, respiratory tracts - collectively represents a huge surface area. 
Physiologic Barriers  
Temperature - normal body temperature inhibits growth of most microorganisms.  
Elevated body temperature (fever) can have a direct effect on pathogenic microorganisms.  
pH - low pH of stomach, skin, & vagina (inhibits microbial growth)  
Oxygen tension  
Huge number of chemical factors (a few examples given below):  
Fatty acids, lactic acid  

- Pepsin (digestive enzyme which hydrolyzes proteins)  
- Lysozyme -hydrolytic enzyme in mucous secretions -able to cleave the petidoglycan layer of the bacterial cell wall.  
- Anti-microbial substances which directly destroy microorganims: cryptidins and a-defensins (produced in base of 
crypts of small intestine - damage cell membranes) b-defensins (produced within skin, respiratory tract - also damages 
cell membranes) surfactant proteins A & D (present in lungs - function as opsonins which enhance the efficiency of 
phagocytosis)  
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- Interferons - group of proteins produced by cells following viral infection. Secreted by the cells, and then binds to 
nearby cells and induces mechanisms which inhibit viral replication.  

 
                        

  Let’s see the video clip A48 about Introduction to how the immune system works and conclude.  (10 Minutes) 
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________ 
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Acquired (Specific) Immunity 
    1. Read passage below and highlight or underline the main Idea. (20 Minutes) 
Specific Resistance or Acquired Immunity  

 Specific resistance or acquired immunity is that which develops in the body as a result of the formation of 
antibodies (or antibody-like surface receptors) in response to antigenic substances (antigens), or as a result of 
introduction of antibodies produced by other organisms. In contrast to natural immunity which is inborn, the acquired 
immunity develops after birth. 

 
Types of Acquired Immunity  

There are four types of specific resistance or acquired immunity that are generally recognized. These are: (i) 
naturally acquired active immunity, (ii) naturally acquired passive immunity, (iii) artificially acquired active immunity and 
(iv) artificially acquired passive immunity. 
 
(i) Naturally Acquired Active Immunity  
  This immunity develops after antigens (e.g., microbial pathogens) enter the body by natural processes such as 
infection and, in response, the body’s immune system forms antibodies. In some cases, the immunity may be life-long 
as with smallpox, measles, chickenpox, yellow fever etc. In other cases, however, the immunity may be lost after only 
a few years (e.g., diphtheria, tetanus) or even for lesser period (e.g., influenza, pneumonia). 
(ii) Naturally Acquired Passive Immunity  

When antibodies produced in the body of an individual (called donor) are naturally transferred into the body 
of other individual (called recipient), the latter develops immunity, called naturally acquired passive immunity, in its 
immune system. This immunity is natural because the transfer of antibodies from donor to recipient occurs under 
natural conditions, and it is passive because the recipient does not synthesize antibodies but picks them up from the 
donor. The best example of this type of immunity is the natural transfer of antibodies from the mother to the 
foetus across the placenta.  

Certain antibodies are also transferred from mother to infant through colostrums and milk during nursing. 
These antibodies, called maternal antibodies, remain with the child for about three to six months or, sometimes, twelve 
to fifteen months, and after the specified time the immune state disappears. The maternal antibodies generally provide 
resistance against whooping cough, diphtheria, german measles, disease of respiratory and gastrointestinal tract, etc. 
(iii) Artificially Acquired Active Immunity 
  When a carefully chosen antigen (e.g., vaccine, chemically altered toxins called toxids) is intentionally introduced 
into a body to be immunized, the latter develops immunity that is called artificially acquired active immunity. This 
immunity is artificial because the antigens are intentionally or purposely introduced, and it is active because the 
recipients immune system synthesizes antibodies is response. Vaccines provide usually long-term immunity. Vaccines are 
now available against many infectious diseases such as cholera, tuberculosis, plague, pneumonia, rocky mountain spotted 
fever, smallpox, polio, tetanus, influenza, measles, rabies, yellow fever etc. Toxoids are currently available for 
protection against diphtheria and tetanus, the two diseases whose: major effects are due to toxins. 
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(iv) Artificially Acquired Passive Immunity  
Artificially acquired passive immunity is that which develops as a result of the international introduction of 

antibody-rich serum (blood plasma devoid of clotting factors) taken from diseased individual to another susceptible 
individual. It was an important therapeutic device for disease treatment before the vaccines were developed and is 
still used for viral diseases such as hepatitis B, chicken pox, arthropod-borne encephalitis, and for bacterial disease 
such as botulism, diphtheria, tetanus, staphylococcal-poisoning where toxins are involved in disease causation. Since 
these diseases are very dangerous and fatal, already-made antibodies present in serum are introduced into the blood 
of the susceptible individual for quick response and no risk in taken for introduction of antigens. Artificially acquired 
passive immunity is immediate but short-lived (only for two to three weeks).  

 Fill Types of Acquired Immunity in the boxes.  

 
 

  Let’s see the video clip A48 about Acquired immunity works and conclude.  (10 Minutes) 
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________ 

 Check your knowledge by write true or false about these sentences. (15 Minutes) 
_____1.  Innate immunity is more specific to antigen more than acquired immunity.  
_____2.  Lowing pH of stomach, skin, & vagina  is the specific immunization. 
_____3.  Colostrums are maternal active immunity that baby receive from mother. 
_____4.  Serum immunization is long-lived than vaccine immunization. 
_____5.  Nutrophil is non-specific immunity that eat antigen via phagocytosis. 
_____6.  Vaccine is antibody but toxoid is chemically altered toxins. 
_____7.  Vaccines provide usually long-term immunity. 
_____8.  B-cell and T-cell are acquired immunity that produce antibody. 
_____9.  The acquired immunity can be developed inborn. 
_____10. Interferons are group of proteins that inhibit viral replication. 
After finish: Exchange with your friend and check the answer and give back for fill your score. 
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Homework 
  Use 3 pictures for conclude about knowledge that you get. 

 
 

 
 

http://lh6.ggpht.com/_oj6TkG186pI/S8VA_ClETOI/AAAAAAAACFA/Hs3cFck9_3A/s1600-h/image[14].png
http://lh6.ggpht.com/_oj6TkG186pI/S8VA_ClETOI/AAAAAAAACFA/Hs3cFck9_3A/s1600-h/image[14].png
http://lh6.ggpht.com/_oj6TkG186pI/S8VA_ClETOI/AAAAAAAACFA/Hs3cFck9_3A/s1600-h/image[14].png
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(Give me more details if you copy your friends you and your friend will get ‚0‛ on this subject.  DIY.   
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   Disorders of the Immune System 
    1. Read passage below and highlight or underline the main Idea. (20 Minutes) 

 

Allergic Diseases 
The most common types of allergic diseases occur 

when the immune system responds to a false alarm. In an 
allergic person, a normally harmless material such as grass 
pollen, food particles, mold, or house dust mites is mistaken for 
a threat and attacked. 
  Allergies such as pollen allergy are related to the 
antibody known as IgE. Like other antibodies, each IgE 
antibody is specific; one acts against oak pollen and another 
against ragweed, for example. 

Autoimmune Diseases 
  Sometimes the immune system’s recognition apparatus 
breaks down, and the body begins to manufacture T cells and 
antibodies directed against self antigens in its own cells and 
tissues. As a result, healthy cells and tissues are destroyed, 
which leaves the person’s body unable to perform important 
functions. 
  Misguided T cells and autoantibodies, as they are 
known, contribute to many autoimmune diseases. For instance, 
T cells that attack certain kinds of cells  in the pancreas 
contribute to a form of diabetes, whereas an autoantibody 
known as rheumatoid factor is common in people with 
rheumatoid arthritis. People with systemic lupus erythematosus 
(SLE) have antibodies to many types of their own cells and 
cell components. SLE patients can develop a severe rash, 
serious kidney inflammation, and disorders of other important 
tissues and organs. 

Immune Deficiency Disorders 
  When the immune system is missing one or more of 
its parts, the result is an immune deficiency disorder. These 
disorders can be inherited, acquired through infection, or 
produced as a side effect by drugs such as those used to 
treat people with cancer or those who have received transplants. 
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Temporary immune deficiencies can develop in the wake of common virus infections, including influenza, 
infectious mononucleosis, and measles. Immune responses can also be depressed by blood transfusions, surgery, 

malnutrition, smoking, and stress. 
Some children are born with poorly 

functioning immune systems. Some have flaws in the 
B cell system and cannot produce antibodies. Others, 
whose thymus is either missing or small and abnormal, 
lack T cells. Very rarely, infants are born lacking all 
of the major immune defenses. This condition is 
known as severe combined immune deficiency disease 
or SCID. 

AIDS is an immune deficiency disorder 
caused by a virus (HIV) that infects immune cells. 

HIV can destroy or disable vital Helper T cells, paving the way for a variety of immunologic shortcomings. The virus 
also can hide out for long periods in immune cells. As the immune defenses falter, a person develops AIDS and falls 
prey to unusual, often life-threatening infections and rare cancers. 

  Let’s see the video clip A48 about disorders of the Immune system and conclude.  (10 Minutes) 
             
             
             
             
             
             
              

 Check your knowledge by write true or false about these sentences. (15 Minutes) 
_____1.  The person suffers from the flower pollen allergy at the first time they get. 
_____2.  Allergies such as pollen allergy are related to the antibody from Helper T-cell. 
_____3.  T-cell produces substance to destroy self antigen is called autoimmune disorder. 
_____4.  T cells that attack certain kinds of cells in the pancreas contribute to a form of diabetes. 
_____5.  HIV is a RNA virus. 
_____6.  HIV destroys CD8+ lymphocyte. 
_____7.  Wanlee very strees for long time, her immune responses can  be depressed. 
_____8.  Autoimmune disease occurred because antibody cannot recognize the self antigen. 
_____9.  HIV has DNA polymerase, RNA polymerase. 
_____10. Allergies such as pollen allergy are related to the antibody known as IgE form B-cell.  
 After finish: Exchange with your friend and check the answer and give back for fill your score. 
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Test 1 ‚Circulatory system and Immune System‛  
Choose  the  best  answer  and  X  on the answer sheet. 
1. Cnidarians and flatworms exchange gases and remove waste by way of their  
a) open circulatory system.  b) closed circulatory system.   c) gastrovascular cavities.  
d) moist skin surfaces.   e) respiratory and excretory systems. 
2. When you step on a cockroach or smash a fly, there is no red blood because 
a) the blood is enclosed in a closed circulatory system.  
b) it is too small to have a circulatory system.  
c) it is too small to require oxygen for respiration.  
d) the blood is colorless hemolymph that does not carry oxygen.  
e) the blood is actually a colorless hemolymph that carries oxygen on molecules other than reddish hemoglobin. 
3. Mollusks such as clams and oysters deliver nutrients, exchange gases, and remove waste from tissue by way of 
their  
a) open circulatory system.  b) closed circulatory system.  c) gastrovascular cavities.  
d) moist skin surfaces.   e) respiratory and excretory systems. 
4. Mollusks such as squids and octopuses deliver nutrients, exchange gases, and remove waste from their tissue by 
way of their   
a) open circulatory system.   b) closed circulatory system.   c) gastrovascular cavities.   
d) moist skin surfaces.    e) respiratory and excretory systems. 
5. Earthworms move blood by way of their   
a) open circulatory system.   b) closed circulatory system.   c) gastrovascular cavities.   
d) moist skin surfaces.    e) respiratory and excretory systems. 
6. Insects such as the grasshopper move blood by way of their   
a) open circulatory system.   b) closed circulatory system.   c) gastrovascular cavities.   
d) moist skin surfaces.    e) respiratory and excretory systems. 
7. Which organism has hemoglobin located in the fluid portion of blood?   
a) human        b) grasshopper     c) bird     d) earthworm       e) flatworm 
8. Which would you find in the heart of a fish?   
a) one atrium and one ventricle  b) two atria and one ventricle  c) one atrium and two ventricles   
d) two atria and two ventricles  e) two atria and a partially divided ventricle 
9.What would you find in the heart of a human?   
a) one atrium and one ventricle  b) two atria and one ventricle  c) one atrium and two ventricles  d) two atria and 
two ventricles  e) two atria and a partially divided ventricle 
10. The heart chambers in an insect, a fish, an amphibian, and a bird   
a) are the same structure.  b) are the most efficient systems for that size of organism.   
c) represent an open system and closed systems of two, three, and four chambers, respectively.   
d) represent a closed system and open systems of two, three, and four chambers, respectively. 
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11. The vessels in our circulatory system that allow molecules to diffuse across tissues are   
a) arteries      b) veins     c) capillaries     d) lymph vessels      e) venules 
12. After leaving the left ventricle, blood Next passes through the   
a) vena cava.    b) aorta.     c) atrioventricular valve.     d) semilunar valve.    e) left atrium. 
13. Which structure has the lowest blood pressure in the systemic circulation?  
a) vena cava.    b) aorta.     c) atrioventricular valve.     d) semilunar valve.    e) left atrium. 
14. Nutrient and waste exchange occur in the  
a) arteries      b) veins     c) arterioles        d) venules       e) capillaries 
15. The coronary circulation serves the  
a) intestine and liver       b) brain      c) lungs       d) heart        e) urinary tract 
16. Normal blood pressure in a 25 year old person would likely be close to _____ mm Hg.  
a) 100/40       b) 120/50      c) 120/80       d) 150/95        e) 140/90 
17. Which statement is Not true about red blood cells?  
a) The are biconcave disks that lack nuclei.  
b) Their normal life span is about 120 days.  
c) Hemoglobin is a protein that binds oxygen loosely to transport it.  
d) There are about 4-6 million red blood cells per cubic millimeter of whole blood.  
e) They are mainly produced in the liver. 
18. Which kind of white blood cell is involved in the production of antibodies?  
a) neutrophils      b) lymphocytes     c) monocytes     d) erythropoietin      e) macrophage 
19. Which type of blood component is involved in the initiation of clotting?  
a) red blood cells    b) white blood cells      c) plasma proteins       d) platelets 
20. Which of the following cells is most closely associated with phagocytosis?  
a) neutrophils       b) plasma cells      c) B cells       d) memory cells       e) platelets 
21. Blood with a low oxygen content enters the _____ of the heart.  
a) right atrium     b) right ventricle       c) left atrium       d) left ventricle 
22. The bicuspid valve prevents blood from flowing back into the  
a) right atrium     b) right ventricle      c) left atrium       d) left ventricle 
23. In response to endotoxins released by certain bacteria, leukocytes may release: 
A. antibodies  B. interferon   C. antigens   D. haptens  E. endogenous pyrogens. 
24. Lymphoid organs include: 
A. spleen  B. adrenal gland   C. thyroid gland   D. pancreas  E. all of the preceding. 
25. Mast cell secretion during an allergy is stimulated when antigens combine with antibodies. 
A. IgG   B. IgE    C. IgM    D. IgA   E. none of the preceding.  
26. Active immunity may be produced by: 
A. contracting a disease   B. receiving a vaccine  C. receiving gamma globulin injection 
D. both A and B    E. both B and C. 
27. B- lymphocytes combat bacterial and viral infections by secreting antibodies into the blood and lymph, providing 
what type of immunity? 
A. humoral  B. nonspecific   C. antigenic  D. cell-mediated   E. none of the preceding. 
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28. A new-born infant who receives IgA from its mother's milk develops: 
A. naturally acquired active immunity  B. artificially acquired active immunity 
C. naturally acquired passive immunity  D. artificially acquired passive immunity. 
29.  A 27-year-old housewife presents to her family physician with a 3 month history of fatigue, and a facial rash 
which is aggravated by sun exposure.  Laboratory tests reveal anemia of 10-gm/dl (normal is 12-14) and immune 
testing reveals auto-antibodies against DNA.  What is the most likely diagnosis? 
A. Acquired Immuno Deficiency Syndrome  B. Goodpasture's Syndrome 
C. Systemic Lupus Erythematous   D. Graves Disease  E. Myasthenia Gravis 
30.  A new student in the RSBS from M 4/2 was bitten by a rabid dog.  The worker was brought to the 
Emergency Department even though he had been inoculated for tetanus, only three days before he was bitten.  The 
attending physician ordered treatment with anti-rabies immune human globulin.  Which one of the following describes 
the type of immunization the patient received in the emergency unit? 
A. Active natural immunity.   B. Active artificial immunity. 
C. Passive natural immunity.   D. Passive artifical immunity. E. None of the above. 
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See YouTube video clip and note  the main idea or extra details. 
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Chapter 8 : Respiratory System 
Gas Exchange in animals 

    1. Read passage below and highlight or underline the main Idea. (20 Minutes) 
GAS EXCHANGE SURFACES : Gases move by diffusion.  
Diffusion is greater when: 

• the surface area is large 
• the distance travelled is small 
• the concentration gradient is high 

Gas exchange also requires a moist surface  
• O2 and CO2 must be dissolved in water to diffuse 

across a membrane. 
Simple cell organism (amoeba/paramecium) 
Cnidarians/Flatworm/ Earthworm  
- Simple diffusion 
Insect – Tracheal system  
-Trachea >> Tracheole 
Spider – Book lung 
Horseshoe crab – Book gill 
Fish- Counter current exchange. Gas (gill) blood 
Bird- Modified counter current exchange. Gas  Blood   

Land snail, lungfish, amphibian, Reptile,mammal -Lung 
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  Let’s see the video clip A410 about the gas exchange in animal and conclude.  (10 Minutes) 
             
             
             
             
              
              

 Write the name of respiratory organs for each animal . (15 Minutes) 
Animal Respiratory Organ Animal Respiratory Organ 

Hydra  Spider  
ameoba  Jelly fish  
Squid   Scorpion   
Chicken  Paramecium  
Sheep  frog  
Human  Fruit fly  
Shrimp   Fish  
Horseshoe crab  Crab  
Salamander   Bee  
After finish: Exchange with your friend and check the answer and give back for fill your score. 
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Human respiratory organs 
. Read passage below and highlight or underline the main Idea. (20 Minutes) 

 

STRUCTURE FUNCTION 

nose / nasal cavity  warms, moistens, & filters air as it is inhaled  

pharynx (throat)   passageway for air, leads to trachea  

larynx   the voice box, where vocal chords are located  

trachea (windpipe)  
 keeps the windpipe "open"  
 trachea is lined with fine hairs called cilia which filter air before it reaches the lungs  

bronchi   two branches at the end of the trachea, each lead to a lung  

bronchioles   a network of smaller branches leading from the bronchi into the lung tissue & ultimately 
to air sacs  

alveoli   the functional respiratory units in the lung where gases are exchanged  

Respiratory Cycle 
 - Respiration rate is the number of breaths per minute. 
 - Human respiration rate is controlled by a part of the brain called the medulla oblongata.  
  Sends signals to adjust levels of oxygen present in your body by changing your breathing rate. 
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  Let’s see the video clip A410 about the human respiratory organ and conclude.  (10 Minutes) 
             
             
             
             
             
             
             
             
             
              

  Calculate your Respiration rate.  Please collect your data about 2 conditions. 
1. Resting  condition  (3 minutes) 
          
          
          
           
2. After Scott jump 2 minutes (3 minutes) 
          
          
          
           

 Check your knowledge by write true or false about these sentences. (15 Minutes) 
_____1.  In human beings body respiratory system includes, Respiratory tract and Lungs. 
_____2.  Respiratory tract: It includes, Nose, Esophagus, Larynx and Trachea. 
_____3.  Nose: dust particles are enterapped in the mucus. There are gas exchange here. 
_____4.  Larynx: It is a sound producing organ in human.  
_____5.  Bronchiole   branches   to the smaller bronchus and attach with alveoli. 
_____6.  Alveoli are bounded by blood capillaries. About 300 million alveoli are present in both lungs. 
_____7.  The medulla oblongata controlled human respiration rate. 
_____8.  The numbers of bronchus are more than trachea. 
_____9.  Wattana breathe 280 times in 4 hours, so his respiration rate is 70 times/min. 
_____10. Pulmonary artery send oxygen rich blood to alveoli for gas exchange. 
 After finish: Exchange with your friend and check the answer and give back for fill your score. 
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                                      In & Exhalation mechanism 
.     Read passage below and highlight or underline the main Idea. (20 Minutes) 
Lung Anatomy 

The lungs are made up of millions of tiny balloons called alveoli, which fill with air each time you inhale and 
deflate each time you exhale. The many microscopic alveoli make the lungs look like sponges. Alveoli are made up of 
squamous epitheliel tissue, which is very thin and elastic, like the walls of a balloon. 

When you breath, air goes down your windpipe or trachea. The trachea branches off to either lung; these 
branches are called branchi. Each branchus branches again and again into smaller and smaller branches, like a tree. The 
tiniest of these branches are called bronchioles. Each bronchiole supplies air to a cluster of alveoli, called an alveolar 
sac. The individual alveoli are connected to the bronchioles by tiny ducts. 

Each alveolar sac is surrouned by a capillary bed, which is a network of tiny blood vessels. The walls of the 
blood vessels and the balloon-like walls of the alveoli are so thin that oxygen molecules (O2) can pass from the air-
filled alveoli to red blood cells inside the vessels. Likewise, carbon dioxide molecules (CO2) can pass from the red 
blood cells into the alveoli. When the body exhales, the CO2 is removed. 

What makes the air go in and out? 
The lungs are housed in the pleural cavity. The pleural cavity is created by the rib cage, which surrounds 

and protects the lungs, and by the diaphragm, a thin, flat muscle which separates the heart and lungs from the organs 
of the abdomen like a sheet. When the diaphragm is relaxed, it balloons upward. When the diaphragm contracts, it 
flattens out and pushes downward. When the muscles of the rib cage contract, they spread and raises the ribs. 
When both the diaphram and the muscles of the rib cage contract at the same time, the pleural cavity becomes 
larger and a vacuum is created which sucks air into the lungs. This process is called inhalation. When the rib muscles 
relax, the ribcage lowers and comes back together. At the same time, the diaphragm relaxes. The space inside the 
pleural cavity becomes smaller and the air is pushed back out of the lungs. This process is called exhalation. 
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  Let’s see the video clip A411 about In & Exhalation mechanism and conclude.  (10 Minutes) 
             
             
             
             
             
             
              

 Choose the correct answer from 2 choices by circle            the only one correct answer. 
 
Type of 
respiration 

Lung 
Volume 

Lung’s 
Pressure 

Ribs 
movement 

Diaphragm 
 

Intercostals muscle Abdominal 
muscle outside inside 

Inhalation Increase 
Decrease 

Increase 
Decrease 

UP 
DOWN 

Contract 
Relax 

Contract 
Relax 

Contract 
Relax 

Contract 
Relax 

Exhalation Increase 
Decrease 

Increase 
Decrease 

UP 
DOWN 

Contract 
Relax 

Contract 
Relax 

Contract 
Relax 

Contract 
Relax 

 
After finish: Exchange with your friend and check the answer and give back for fill your score. 
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Gas exchange in lungs 

Summary of gas exchange chemistry in 
tissue capillaries.  
 
  In tissues, where the partial 
pressure of CO2 is high (and hence the 
pH is low) and the partial pressure of O2 
is low, CO2 enters the plasma (yellow). 
Most of this CO2 then diffuses into 
corpuscles (pink), where it is primarily 
converted into bicarbonate, most of which 
diffuses back into the plasma (not shown). 
The hydrogen ions thus liberated help alter 
the quaternary structure of hemoglobin 
from that of ordinary hemoglobin (Hb) to 
that of acid hemoglobin (hemoglobin bound 
to a hydrogen ion, or Hhb)  

  As a result, the molecule loses 
much of its affinity for oxygen; O2 is 
therefore released and diffuses into the 
plasma and from there into the tissues. In 
the pulmonary capillaries of the lung, where 
the partial pressures and pH are reversed, 
all of these reactions run the other way. A 
small quantity of CO2 binds directly to 
hemoglobin (large black arrow), and an 
even smaller amount of CO2 dissolves 
directly in the blood (yellow). 
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Gas Exchange Questions 

1. Where does gas exchange take place to bring oxygen into the body? 
Answer              
             

2. What are the organs called where breathing takes place in the body? 
Answer              
             

3. Explain how carbon dioxide gets from the blood to the air outside? 
Answer              
             

4. Explain how oxygen and carbon dioxide are carried around inside the body? 
Answer              
             

5. Explain why the lungs have to work at a quicker rate if you are exercising? 
Answer              
             

6. Explain why the alveoli in the lungs have a large surface area, and how this helps the gas 
exchange process? 
Answer              
             

7. What would happen to you if your capillary walls thickened due to smoking? 
Answer              
             

8. When air that was breathed in and air that was breathed out were analysed, it was found 
that both contained carbon dioxide, but one had more in than the other. Which had more and 
why? 
Answer              
             
             

9. Why do athletes who are training for major athletic events, do it in mountain regions? 
Answer              
             

10. What advice would you give to people who use a gas fire to heat their living room and why? 
Answer              
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Laboratory 1 : Lung Volume 

Background 
Human lung capacity can be measured in several ways.  One way is by using a complex piece of laboratory equipment called a 

spirometer.  However, lung capacity can also be measured by using a balloon. Several different lung volume measurements can be made.  
The amount of air taken in or expelled during normal breathing is about 500 cm3.  This volume of air called the tidal volume.  The 
largest possible amount of air which can be exhaled after drawing in a deep breath is the vital capacity.  The amount of air that 
remains in the lungs after exhaling normally but which can be expelled is the expiratory reserve.  A certain amount of air in the lungs 
cannot be expelled.  This is the residual volume.   

Purpose 
- To measure your tidal volume, expiratory reserve, and vital capacity 
- To compare your experimental data with lung capacity data obtained from a spirometer 

Materials 
Round Balloon  Metric Ruler   
Procedure 
Part A. Tidal Volume 

 Stretch a balloon several times 
 Take in a normal breath.  Exhale into the balloon only as much air 

as you would normally exhale.  DO NOT force your breathing. 
 Pinch the balloon to prevent air from escaping. 
 Place the balloon next to a metric ruler.  Determine the diameter 

of the balloon by sighting across the top of the balloon to the 
ruler (Figure 6-1). 

 Record the diameter of the balloon in centimeters in column A of 
Table 4-1. 

 Deflate the balloon. 
 Repeat the previous four steps four more times.  Measure and record each balloon diameter in Table 4-1. 

Part B. Expiratory Reserve 

 Exhale normally. 
 Then, exhale into the balloon as much air as possible. 
 Measure and record the diameter of the balloon in column B of Table 4-1. 
 Run four more trials.  Record the diameter of the balloon in the data table. 

Part C. Vital Capacity 

 Take as deep a breath as possible.  Then exhale all the air you can into the balloon. 
 Measure and record the diameter of the balloon in column C of Table 4-1.  
 Run four more trials.  Record the diameter of the balloon for each trial in the data table. 

 

 

Figure 6-1 
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Part D. Conversion of Diameters to Volume 

Lung volume is expressed in cubic centimeter units (cm3).  
(1,000 cm3 is slightly more than a quart.) 

 To convert from balloon diameter to volume, 
locate the balloon diameter on the horizontal axis 
of Figure 6-2.  Follow this number up to the 
heavy line, then move across to locate the 
corresponding volume. 

 

For example, if your balloon diameter is 14.5 cm, then the 
corresponding lung volume is 1500 cm3. 

 
 Convert each diameter for vital capacity, tidal 

volume, and expiratory reserve to volume. 
 Record the volumes in columns D, E, and F of 

Table 4-1. 
 Calculate and record your average lung volume 

for each of the three measurements. 
 
Table 4-2: Average Lung Volumes 

 Male (cm3) Female (cm3) 
Tidal Volume 525 475 
Expiratory Reserve 1,200 1,000 
Vital Capacity 5,000 4,000 
 
Listed in Table 4-2 are ‚average‛ male and female lung volume measurements.  The volumes were determined by using a spirometer. 

Data/Results 

Table 4-1 

 Balloon Diameter (cm)   Lung Volume (cubic centimeters)   
 A 

Tidal Volume 
B 

Expiratory 
Reserve 

C 
Vital 

Capacity 

D 
Tidal 

Volume 

E 
Expiratory 
Reserve 

F 
Vital 

Capacity 
Trail 1       
         2       
         3       
         4       
         5       
   Total    
   Average    
Discussion: 
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ANSWER THE QUESTIONS 

1) Why is it important to measure tidal volume, expiratory reserve, and vital capacity five times and then get an average? 

 

2) What is the difference between Tidal volume and Vital capacity? 

 

3) How does your Tidal Volume compare with the average Tidal Volumes found in Table 4-2? 

 

4) Why may there be differences between your data and the given average volumes in Table 4-2? 

 

5) Give two (2) suggestions for improving the accuracy of your results.  (How can sources of error be reduced?). 

 

6) How might an athlete's vital capacity compare to a non-athlete? Explain your reasoning. 

 

7)  How might vital capacity be important to a musician? 

 

Examine the data table of a person who entered into a training program. This person's vital capacity was measured over a 60 day period.  

 

8) What happened to the person's vital capacity over the course of the 
training period? 

 

      9) What probably caused the change? 

 

Data 

Day of Training Vital Capacity 
0 4800 
10 4840 
20 4890 
30 4930 
40 4980 
50 5180 
60 5260 
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See YouTube video clip and note  the main idea or extra details. 

 

Share & Extend: Share with your friends and extend your knowledge    

 

Integrated knowledge   with  Thailand sufficient economics Theory 
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NOTE 
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My Concept  map 
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Chapter 9: Homeostasis  
Homeostasis, Homeo. In plants 

A SUMMARY OF COMMON ADAPTATIONS OF PLANTS IN PARTICULAR ENVIRONMENTS 

ENVIRONMENT  
(and plant type) 

ADAPTATIONS 

HOT AND DRY (xerophytes) 

Stomata closed during heat of day  
Reduced or absent leaves (cacti)  
Leaves aligned away from direct sunlight  
Stoma almost all on lower leaf surface  
Stoma protected in pits or surrounded by hairs  

HOT AND HUMID (tropical) 
Guttation (drops of water released from leaf surface) removes excess water which enters plant due to 
root pressure.  

VERY COLD WINTERS - 
temps below 0oC  

Deciduous - plants lose leaves and reduce metabolism to ensure survival.  
Leaf oils - act as 'anti freeze' to protect, as in conifers.  
Vernalization ensures that reproduction occurs during warm weather.  

FRESH WATER (aquatic 
plants = hydrophytes) 

Large vacuoles collect and expel excess water.  
Large air spaces in leaves allow leaves to float on or near surface and obtain light.  
Reduced stomata - gas exchange is by diffusion in/out of water.  

MARINE (algae) seaweed 

Non chlorophyll pigments (so they are not always green) since penetration of light is different under 
water.  
Flotation bladders, full of air, hold fronds near surface where light and gas levels are highest.  
Holdfasts anchor plants in presence of strong tides and currents (not true roots, since water is plentiful 
and minerals diffuse from environment).  

HIGH SOIL [SALT] 
(halophytes) eg mangroves 

Salt excreted through leaves  
Very thick leaf epidermis protects from salt.  

LOW SOIL [MINERAL] 
(carnivorous plants) 

Special structures attract and trap insects.  
Enzymes digest the insects, releasing minerals to diffuse into plant.  
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Homeostasis: Acid Base 

 

Describe about the homeostasis of pH. 
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Homeostasis : Nephron 

Vertebrate Kidneys 
 Kidneys, the excretory organs of vertebrates, 
function in both excretion and osmoregulation. 
Nephrons and associated blood vessels are the 
functional unit of the mammalian kidney. 
 The mammalian excretory system centers on 
paired kidneys which are also the principal site 
of water balance and salt regulation.  
 Each kidney is supplied with blood by a renal artery and drained by a renal vein. 
Urine exits each kidney through a duct called the ureter.   Both ureters drain into a common urinary bladder. 
Structure and Function of the Nephron and Associated Structures 
The mammalian kidney has two distinct regions:  An outer renal cortex , An inner renal medulla 
The nephron, the functional unit of the vertebrate kidney consists of a single long tubule and a ball of capillaries 
called the glomerulus. 
Filtration occurs as blood pressure forces fluid from the blood in the glomerulus into the lumen of Bowman’s 
capsule. 

 
 

 

 

 

 

 

Key functions of most excretory systems are: 

Filtration, pressure-filtering of body fluids producing a filtrate. 
Reabsorption, reclaiming valuable solutes from the filtrate.  
Secretion, addition of toxins and other solutes from the body fluids to the 
filtrate. 
Excretion, the filtrate leaves the system 
 
 



Biology 2 Worksheets and Instruction for EIS Students by Sipsang Sukphol 
 

59 

Regulation of Kidney Function 
 Antidiuretic hormone (ADH) increases water reabsorption in 

the distal tubules and collecting ducts of the kidney. 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 Describe about the homeostasis of Nephons. 
          
          
          
          
          
          
          
           

            
 Underline the wrong words and improve it true. 
     Everybody has 2 kidneys. Kidney help to control about blood osmolarity. Nephons are the functional units of 
kidneys.  Nephons regulate about homeostasis of body temperature. Nephons can be divided into  4 part, glomerulus, 
Bowman’s capsule, loop of Henle and collecting duct. Nutrient is reabsorbed at distal tubule, Descending limb of Henle 
loop reabsorb water by active transport, but reabsorb NaCl at assending limb by Passive transport.  
    Antidiuretic hormone is controlled by hypothalamus and released at distal convoluted tubule for reabsorb water, 
this hormone help to dilute urine. If you drink caffeine or alcohol as uretics, It will reduce the filtration rate.   



 Selected and Edited by Sipsang Sukphol   

Department of Science, RattanakosinSompoteBorworniwetSalaya School Nakornpathom, Thailand 

60 

Homeostasis in other animals 

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Paramecium 
   Contractile vacuoles are found in 
protozoans and freshwater sponges. 
   An organ of water balance – expels 
excess water gained by osmosi 

 

 

Freshwater fish. 
   Freshwater fishes have skin covered with 
scales and mucous to keep excess water out. 

   Water that enters the body is pumped out 
by the kidney as very dilute urine. 

   Salt absorbing cells in the gills transport salt 
ions into the blood. 

 

 

Marine bony fish. 

Marine bony fishes are hypoosmotic regulators. 

Maintain salt concentration at 1/3 that of 
seawater. 

Marine fishes drink seawater to replace water 
lost by diffusion. 

Excess salt is carried to the gills where salt-
secreting cells transport it out to the sea. 

More ions voided in feces or urine. 

 



Biology 2 Worksheets and Instruction for EIS Students by Sipsang Sukphol 
 

61 

 

 

 

 

 

 

 

 

Terrestrial animals 
  Terrestrial animals lose water by evaporation 
from respiratory and body surfaces, excretion (urine), 
and elimination (feces). 

Water is replaced by drinking water, water in 
food, and retaining metabolic water. 

The end-product of protein metabolism is 
ammonia, which is highly toxic. 

Fishes can excrete ammonia directly because 
there is plenty of water to wash it away. 
 

Invertebrates and amphibians 
  Invertebrates and amphibians also solve these 
problems in a similar way. 
  Amphibians actively absorb salt from the 
water through their skin. 

Marine birds 

Marine birds and turtles have a salt gland capable 
of excreting highly concentrated salt solution. 

 

 

 Draw concept map here!!! 
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Homeostasis: Thermoregulation 

Poikilothermic animals’ body temperatures fluctuate with environmental temperatures. (Ectotherm) 
Homeothermic animals’ body temperatures are constant. All animals produce heat from cellular metabolism, but in most 
this heat is lost quickly. (Endotherm) 
  Many ectotherms regulate body temperature behaviorally. 
Ectothermic Temperature Regulation 
Basking to increase temperature. Shelter in shade or coolness of a burrow to decrease temperature. 

 

Endothermic Temperature Regulation 
Constant temperature in endotherms is maintained by a delicate balance between heat production and heat loss. 
Heat is produced by the animal’s metabolism. 
Producing heat requires energy – supplied by food. 
Endotherms must eat more in cold weather. 
 If an animal is too cool, it can generate heat by increasing muscular activity (exercise or shivering). Heat is 

retained through insulation. 
 If an animal is too warm it decreases heat production and increases heat loss. 
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Adaptations for Hot Environments. 
 Small desert mammals are mostly fossorial (living underground) or nocturnal. 
 Burrows are cool and moist. Adaptations to derive water 
from metabolism and produce concentrated urine & dry feces 
Adaptations for Cold Environments. 
Small mammals are not as well insulated. 
Many avoid direct exposure to the cold by living in tunnels 
under the snow. 

 Subnivean environment. 
This is where food is located. 

Adaptive Hypothermia. 
Endothermy is energetically expensive. 
Ectotherms can survive weeks without eating. 
Endotherms must always have energy supplies. 
Some very small mammals & birds (bats or hummingbirds) 
maintain high body temperatures when active, but allow 
temperatures to drop when sleeping. 
 Daily torpor  
Hibernation  is a way to solve the problem of low 
temperatures and the scarcity of food. 
True hibernators store fat, then enter hibernation gradually. 
Metabolism & body slows to a fraction of normal. 
Body temperature decreases. 
Shivering helps increase temperatures when they are waking up. 
Other mammals, such as bears, badgers, raccoons and opossums enter a state of prolonged sleep, but body 
temperature does not decrease. 
 Adverse conditions can also occur during the summer. 

 Drought, high temperatures. 
 Some animals enter a state of dormancy called estivation. 

 Breathing rates and metabolism decrease. 
 African lungfish, desert tortoise, pigmy mouse, ground squirrels. 

 present about if I were ......(some kind of anomals) I will have homeostasis : 
osmoregulation /Thermoregulation  
If I were .............................................................. I can regulate my osmoregulatoion by............................................. 
............................................................................................................................. ........................................................................................ 
........................................................................................................................................................... ..........................................................
......................................................................... ............................................................................................................................. ............ .
..................................................................................................................... ............................................................................................. 
............................................................................................................................. ..................................................................................... 
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See YouTube video clip and note  the main idea or extra details. 

 

Share & Extend: Share with your friends and extend your knowledge    

 

Integrated knowledge   with  Thailand sufficient economics Theory 
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My Concept  map 
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Chapter 10: Excretory System 
Animal Excretion 

 1. Read passage below and highlight or underline the main Idea of Excretory Structures.(20 Minutes) 
 
  All animals possess some mechanism of getting rid of the waste substances produced in their body during metabolic activities. 
These waste substances include  CO2, water, urea, uric acid and ammonia, etc. such substances can be harmful if retained in the body. 

Besides metabolic wastes, excess salt (eg. NaCl taken in food), H2O and even some excess vitamins need to be eliminated. 
Certain medicines (antibiotics) too are removed from the blood in the urine. Removal of all harmful, unwanted products (specially 
nitrogenous wastes) from the body is called excretion.  

Excretory  system is primarily associated with removal of nitrogenous wastes. Urea is the main nitrogenous waste in our body. 
It is formed by the breakdown of surplus amino acids and nucleic acids in the liver. Blood transports urea to the  kidneys for filtration 
and removal in the form of urine. 
 
 Modes of removal of nitrogenous wastes 
Depending upon the nitrogenous wastes excreted, animals can be classified as ammonotelic, ureotelic and uricotelic. Table is shown about 
categories of animals on the basis of nitrogenous waste produced. 
Table : Categories of animals on the basis of nitrogenous waste produced 

 
Importance of excretion 
(a) Excretion is necessary for the elimination of nitrogenous wastes formed during metabolism of proteins (amonio acids) and nucleic 
acids. 
(b) Elimination of excess salts like NaCl, vitamins, bile pigments (from the breakdown of old RBCs) and certain medicines and drugs, and 
(c) Removal of excess of water or its retention in case of shortage of water. This is to maintain the required quantity of water 
(osmoregulation) in the body. 
 

 
1. Name the organ where urea is produced and the organ from where urea is  excreted. 
............................................................................................................................ ............................................................................................ ............................... 
2. Which is the most toxic form of nitrogenous waste? Name an organism that excretes it. 
..........................................................................................................................  ........................................................................................................................... .. 
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Excretory Structures of Animals 
 2. Read passage below and highlight or underline the main Idea of Excretory Structures.(20 Minutes) 

  

 

   Contractile vacuoles are found in 
protozoans and freshwater sponges. 
   An organ of water balance – expels 
excess water gained by osmosis. 

The nephridium. 
  The simplest arrangement is the 
protonephridium of acoelomates and some 
pseudocoelomates. 
  Fluid enters through flame cells, moves 
through the tubules, water and 
metabolites are recovered and wastes are 
excreted through pores that open along 
the body surface. 
  Highly branched due to lack of 
circulatory system. 
 

    The metanephridium is an open system 
found in annelids, molluscs, and some smaller 
phyla. 
    Tubules are open at both ends. 
Water enters through the ciliated, funnel 
shaped nephrostome. 
     The metanephridium is surrounded by 
blood vessels that assist in reclaiming water 
and valuable solutes. 

 

 
 
  Insects and spiders have Malpighian 
tubules that are closed and lack an arterial 
supply. 
     Salts (especially potassium) are 
secreted into the tubules from the 
hemolymph (blood).  
Water & other solutes (including uric acid) 
follow. 
    Water & potassium are reabsorbed. 
Uric acid is expelled in feces. 

 In arthropods, antennal glands are an 
advanced form of the nephridial organ. No 
open nephrostomes, hydrostatic pressure of 
the blood forms an ultrafiltrate in the end 
sac. In the tubule, selective resorption of 
some salts and active secretion of others 
occurs. In shrimp has Green gland. 

 
 
 
 

 Kidneys, the excretory organs of 
vertebrates, function in both excretion and 
osmoregulation. 
Nephrons and associated blood vesselsare the 
functional unit of the mammalian kidney.  
The mammalian excretory system centers on 
paired kidneys which are also the principal 
site of water balance and salt regulation. 
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The Human Excretory System 
 1. Read passage below and highlight or underline the main Idea of Excretory Structures.(20 Minutes) 
The human excretory system comprises of a pair of kidneys, a pair of ureters, a urinary bladder and urethra  
 Kidneys are bean shaped organs located on either side of the vertebral 
column in the lower abdominal cavity. 
 On the concave median margin of each kidney there is a notch called 
hilum which leads into funnel shaped space called renal pelvis. 
The pelvis is surrounded by an outer layer of tissue called renal cortex 
and an inner layer of tissue called the renal medulla. 
 Kidneys filter metabolic wastes from the blood and excrete them as a 
liquid called urine. As kidney form the urine, they also maintain the normal 
composition of blood, fluid and salt balance throughout the body tissues. 
 Urine formed in the kidney is brought to the urinary bladder by two 
hollow muscular tubes called ureters. 
Urethra is the small tube that leads urine to the outside of the body. 
 From urinary bladder urine is passed outside via urethra during urination 
voiding of bladder is called micturition. 
Structure of Kidney 
Microscopic structure of kidney  
 Kidney contains a large number of minute tubular structures called nephrons that are located partly in the renal cortex and partly in the 
renal medulla. They form urine and drain it ultimately into the pelvis of the kidney from where the ureters transport the urine to the 
urinary bladder. 
Nephrons are the structural and functional units of kidney associated with blood vessels and capillaries. There are about 1 million 
nephrons in each kidney which filter out about 180 litres of fluid per day most of which is reabsorbed. Each 
nephron can be divided into two regions (i) proximal nephron 
and (ii) loop of henle. 
1. Renal corpuscle (composed of cup-shaped bowman’s 
capsule and a tuft of capillaries (called glomerulus). 
Glomerulus receives the blood from a branch of renal artery. 
2. Proximal convoluted tubule (PCT) 
3. Descending limb of loop of Henle 
4. Ascending limb of loop of Henle 
5. Distal convoluted tubule (DCT) 
6. Collecting duct 
7. Collecting ducts of all the nephrons join and ultimately form 
the pelvis from where the ureters arise. 
8. Peritubular blood capillaries passing over the tubules. They join and form the renal vein. 
Formation of urine 
Nephrons carry out excretory and osmoregulatory functions in the following steps- 
1. Ultrafiltration      2. Selective reabsorption       3. Tubular secretion 
1. Ultra-filtration 
Each glomerular capillary receives blood flowing under high pressure through a branch of renal artery. There is continuous process of  
ultra filtration (filtration under pressure). All small molecules like water, glucose, minerals, amino acids, urea and uric acid are filtered out 
of the blood plasma into the Bowman’s capsule through the capillary walls. Proteins remain in the glomerular blood. Thus a protein free 
filtrate is collected in the lumen of the Bowman’s capsule. The hydrostatic pressure of the circulating blood provides the pressure for 
filtration. 
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2. Selective reabsorption or tubular reabsorption 
As the glomerular filtrate flows through the tubules several substances useful to the body such as glucose and animoacids and mineral 
ions needed to maintain the water and salt balance are reabsorbed through the walls of the renal tubule. The blood capillary passing over 
the nephrons absorb these substances. 
(a) About 65%- 85%of filtrate is reabsorbed in Proximal Convoluted tubule (PCT). It includes water, glucose, amino acids, salts etc. 
(b) About 5% of water is reabsorbed in the descending limb. 
(c) Ascending limb is impermeable to water; hence only salts are reabsorbed here. 
(d) In Distal convoluted tubule (DCT) and collecting duct Na+ is reabsorbed under the influence of the hormone aldosterone (secreted by 
adrenal cortex) . Water is absorbed under the influence of ADH ( Anti diuretic Hormone) secreted by posterior pituitary. 
3. Tubular Secretion 
Cells of the renal tubule also directly serecte certain unwanted substances from the blood into the filtrate. These include uric acid, K+ ions, 
ammonia etc. The filtrate is now known as urine. 
Composition of urine 

 
 

 
1. In what form the cockroaches excrete their nitrogenous waste? What is its 
advantage for cockroach?................................................................................................................................................................................................. 
2. Where do malpighian tubules of cockroach open?........................................................................................................................................... 
3. List the parts of human excretory system and their functions................................................................................................................. 
4. Name the functional unit of kidney and its parts............................................................................................................................................ 
5. List the substances that are filtered out during ultrafiltration.................................................................................................................... 
6. What are the substances reabsorbed by the 
nephron?.................................................................................................................................. 
7. What is the importance of tubular secretion?.................................................................................................................................................... 
8. Under which situation are the following present? 
(a) Glucose in the urine.................................................................................................................................................................................................. 
(b) Uric acid crystals.................................................................................................................................................................................................... 
9. What is the normal volume of urine excreted per day?............................................................................................................................ 

DO YOU KNOW ? 
Storage of Urine 

The urine passes into 
urinary bladder via ureters 
and is stored there. The 
bladder can hold 400-500 
cm3 of urine.When about 
200 cm3 or more urine 
collect in bladder, stretch 
receptors are stimulated 
leading to the desire to 
discharge urine. 
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See YouTube video clip and note  the main idea or extra details. 

 

Share & Extend: Share with your friends and extend your knowledge    

 

Integrated knowledge   with  Thailand sufficient economics Theory 
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NOTE 

DATE Lecture note Picture/ reminder 
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My Concept  map 
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Chapter 11 :  Animal &Human locomotion 
Animal &Human locomotion 

 1. Find more information about animal & human locomotion and talk to your friend. (20 Minutes) 

  
Amoeba : Pseudopodium (amoeboid movement ) Euglena: Flagella/ Paramecium: Cilia 

  
Earth worm: Antagonism of longitudinal & circular muscle Squid : Siphon  

 
 

Sea star: Tube feet Insect jumping and Human arm : Antagonism of muscle 
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Antagonism of wing muscles 
S shaped movement by opposite side of muscle. Human skeleton 
NOTE....................... 
Cheetah runs 110 km/hr by front legs, back legs, shoulder, 
hip and the bending of spinal bone.   

 
                Human skeletal system 
 Human have bones 206 pieces arranged into 2 types. 
1. Axial Skeleton  80 pieces are 
   Skull 29 pieces 
   Vertebrae 26 pieces 
- Cervical Vertebrae  7 pieces 
- Thoracic Vertebrae  12 pieces 
- Lumbar Vertebrae 5 pieces 
- Sacrum  1 piece 
- Coccyx) 1 piece 
2. Appendicular Skeleton  126 pieces are connected with axial 
skeleton  are 
    arms bones  (2 sides are 60 pieces) consists of 
- Humerus, Radius, Ulna, Carpals, Metacarpals and Phalanges 
   legs bones (2 sides are 60 pieces) consists of 
- Femur, Patella, Tibia, Fibula, Metatarsals and Phalanges 
   Clavicle 2 pieces 
   Scapula 2 pieces 
   Pelvic Girdle 2 pieces 
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Homework 
Describe that how do these animals move? 
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Bone joints and types of muscle 
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Types of joints Locate on the organ 
1. Can not move joint  
2. a Little move joint   
3. Ball and socket joint  
4. Hinge joint  
5. Pivot joint or rotary joint  
6. Ellipsoidal/Condylar joint   
7. Saddle joint   
8. Gliding joint/Plane joint  

Types of muscle 

 
Table 1: Characteristics of the Three Muscle Fiber Types 

Fiber Type Slow Twitch (ST) Fast Twitch A (FT-A) Fast Twitch B (FT-B) 
Contraction time Slow Fast Very fast 

Size of motor neuron Small Large Very large 
Resistance to fatigue High Intermediate Low 
Activity used for Aerobic Long term anaerobic Short term anaerobic 
Force production Low High Very high 

Mitochondrial density High High Low 
Capillary density High Intermediate Low 
Oxidative capacity High High Low 
Glycolytic capacity Low High High 
Major storage fuel Triglycerides CP, Glycogen CP, Glycogen 

  

        Muscle tissue consists of fibers (cells) that are highly 
specialized for the active generation of force for contraction. 
Because of this characteristic, muscle tissue provides motion, 
maintenance of posture, and heat production. Based on certain 
structural and functional characteristics, muscle tissue is classified 
into three types: cardiac, smooth and skeletal 
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Muscle unit contraction 

 

 
Note: Thick filament = Myosin, Thin filament = Actin 
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Exercise 
  1. Label the A band, I band, H zone, Z line, actin (thin filaments), and myosin (thick filaments) in the 
following figure (See "?"). The thin and thick filaments don't drift around in the sarcomere. What holds these 
filaments in place? How does the visible structure of the myofibril relate to its molecular organization? Which 
landmarks within the sarcomere change when the muscle fiber contracts 

 

 Check your knowledge by write true or false about these sentences. (15 Minutes) 
1. ___ A band is bigger than I band. 
2. ___When muscle contract, myosin begin to be short. 
3. ___When muscle relax, A band disappears. 
4. ___When muscle contract, Sacromere will be shorted. 
5. ___When muscle contract, I bands will be came closer. 
6. ___Z line is surrounded by actin. 
7. ___M line will be closer when the muscle contract. 
8. ___Actin  begin to be long when the muscle relax. 
9. ___Dark zone will disappear when muscle relax. 
10. ___Light zone will disappear when muscle contract. 
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Unit Examination: Animal locomotion 
Part 1 : Use these words given for fill in the gap. 
Tendon Skeletal muscle Smooth muscle flagella Ball & Socket Tube feet 
myosin cilia Hinge joint extensor siphon Ligament 
Glinding joint earthworm Flexor Pivot joint antagonism Immovable joint 
Actin S-shaped Biceps Triceps Amoeboid  9+2 
 
1._____________- Attach muscles to bone. 
2._____________- Involuntary muscles/long and overlap to form sheets, found in digestive organs, 
wall of blood vessels/ diaphragm, not striated.  
3. _____________- the muscle which causes the leg to extend. 
4. _____________- Contraction of the circular muscles make the body longer and thinner; and the 
contraction of longitudinal muscles make the body shorter and thicker.  
5.______________- connective tissue that holds bones together at joints (bone to bone). 
6.______________- the organ used by squid to expel water that produces a locomotive force. 
7.______________- When the biceps are contracting, the triceps are relaxed, and stretches back to 
its original position. The opposite happens when the triceps contract. 
8.______________- Fit tightly together (skull). 
9.______________- longer than cilia/ usually one or two found in Euglena. 
10.______________- Movement in all directions  (Shoulders and Hips) 
11.______________- the many small tubular projections found most famously on the oral face of a 
sea star's arms, but are characteristic of the water vascular system of the echinoderm phylum. 
12.______________- Back-and-forth motion (Elbow and Knee) 
13.______________- Allow some bending and twisting movements (Wrists, Ankles and joints between 
Vertebrae)  
14.______________- Thousands of short hair like projections the rhythmic beating moves organism. 
15.______________- side to side and up and down (Base of skull) 
16.______________- the muscle which causes the leg to flex 
17.___________ - A usually voluntary muscle made up of elongated, multinucleated, transversely 
striated muscle fibers, having principally bony attachments. 
18.______________- are a large superfamily of motor proteins that move along thin filaments. 
19.______________- This muscle will contract when you push the door by your arm. 
20.______________- Single cell protist move by converting of ectoplasm and endoplasm. 

Part 2 TRUE OR FLASE 

http://en.wikipedia.org/wiki/Jet_propulsion
http://en.wikipedia.org/wiki/Biceps_brachii
http://en.wikipedia.org/wiki/Sea_star
http://en.wikipedia.org/wiki/Water_vascular_system
http://en.wikipedia.org/wiki/Echinoderm
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Direction: Write X for the picture that match with the word given by choosing true or false. (8 points) 

1 2 3 4 

    
Smooth muscle Skeletal muscle Sacromere Basal body 

TRUE FLASE TRUE FLASE TRUE FLASE TRUE FLASE 
        

5 6 7 8 

    
Triceps Flexor Cilia Flagella 

TRUE FLASE TRUE FLASE TRUE FLASE TRUE FLASE 
        

 
PART3 : If you are an engineer. How will you use the biological knowledge about the locomotion of 
animals for design a robot for explore the destroyed underwater Coral Reefs?  What is any living 
organism as your robot model?  Why? (12 points) 
------------------------------------------------------------------------------------------------------------------------------
------------------------------------------------------------------------------------------------------------------------------
------------------------------------------------------------------------------------------------------------------------------
------------------------------------------------------------------------------------------------------------------------------
------------------------------------------------------------------------------------------------------------------------------
------------------------------------------------------------------------------------------------------------------------------
------------------------------------------------------------------------------------------------------------------------------
------------------------------------------------------------------------------------------------------------------------------
------------------------------------------------------------------------------------------------------------------------------
------------------------------------------------------------------------------------------------------------------------------ 



Biology 2 Worksheets and Instruction for EIS Students by Sipsang Sukphol 
 

83 

 

  

             

             

             

             

             

             

              

 

             

             

             

             

             

             

             

             

              

 

             

             

             

             

             

             

             

             

              

See YouTube video clip and note  the main idea or extra details. 

 

Share & Extend: Share with your friends and extend your knowledge    

 

Integrated knowledge   with  Thailand sufficient economics Theory 
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My Concept  map 
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Chapter 12: The Nervous System 
Animal Nervous System 

 
Animal Nervous system 

Amoeba Don’t have nerve cell – Have photodetector  mecanism 
Paramecium Co-Ordinating Fiber 
Euglena Don’t have nerve cell – Have eyespot 
Sponge Nerve cell or  Sensory cell 
Hydra Nerve net 
Planaria Cerebral ganglia, Ventral nerve cord, Transverse nerve 
Earth worm Supra-pharyngeal ganglion, ventral nerve cord 
Sea star Nerve ring, Radial nerve, Eyespot 
Crab Cerebral ganglia, Thoracic ganglia 
Lobster Ventral Nerve cord, Brain, Segmental ganglion 
Vertebrate Brain, Spinal cord 
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Neuron, Type of neuron 

 
  The brain and spinal cord are made up of many cells, including neurons and glial cells. Neurons are cells that 
send and receive electro-chemical signals to and from the brain and nervous system. There are about 100 billion 
neurons in the brain. There are many more glial cells; they provide support functions for the neurons, and are far 
more numerous than neurons.  
  There are many type of neurons. They vary in size from 4 microns (.004 mm) to 100 microns (.1 mm) in 
diameter. Their length varies from a fraction of an inch to several feet 

  Neurons are nerve cells that transmit nerve signals to and from the brain at up to 200 mph. The neuron 
consists of a cell body (or soma) with branching dendrites (signal receivers) and a projection called an axon, which 
conduct the nerve signal. At the other end of the axon, the axon terminals transmit the electro-chemical signal across 
a synapse (the gap between the axon terminal and the receiving cell). The word "neuron" was coined by the German 
scientist Heinrich Wilhelm Gottfried von Waldeyer-Hartz in 1891 (he also coined the term "chromosome").  

  The axon, a long extension of a nerve cell, and take infromation away from the cell body. Bundles of axons 
are known as nerves or, within the CNS (central nervous system), as nerve tracts or pathways. Dendrites bring 
information to the cell body.  

Myelin coats and insulates the axon (except for periodic breaks called nodes of Ranvier), increasing 
transmission speed along the axon. Myelin is manufactured by Schwann's cells, and consists of 70-80% lipids (fat) and 
20-30% protein.  

The cell body (soma) contains the neuron's nucleus (with DNA and typical nuclear organelles). Dendrites 
branch from the cell body and receive messages.  
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A typical neuron has about 1,000 to 10,000 synapses (that is, it communicates with 1,000-10,000 other neurons, muscle 
cells, glands, etc.).  

DIFFERENT TYPES OF NEURONS  
There are different types of neurons. They all carry electro-chemical nerve signals, but differ in structure (the 
number of processes, or axons, emanating from the cell body) and are found in different parts of the body.  

 Sensory neurons or Bipolar neurons carry messages from the body's sense receptors (eyes, ears, etc.) to the 
CNS. These neurons have two processes. Sensory neuron account for 0.9% of all neurons. (Examples are 
retinal cells, olfactory epithelium cells.)  

 Motoneurons or Multipolar neurons carry signals from the CNS to the muscles and glands. These neurons 
have many processes originating from the cell body. Motoneurons account for 9% of all neurons. (Examples 
are spinal motor neurons, pyramidal neurons, Purkinje cells.)  

 Interneurons or Pseudopolare (Spelling) cells form all the neural wiring within the CNS. These have two 
axons (instead of an axon and a dendrite). One axon communicates with the spinal cord; one with either the 

skin or muscle. These neurons have two 
processes. (Examples are dorsal root ganglia cells.)  

LIFE SPAN  OF NEURONS  

Unlike most other cells, neurons cannot regrow 
after damage (except neurons from the 
hippocampus). Fortunately, there are about 100 
billion neurons in the brain.  

GLIAL CELLS  

Glial cells make up 90 percent of the brain's cells. 
Glial cells are nerve cells that don't carry nerve 
impulses. The various glial (meaning "glue") cells 
perform many important functions, including: 
digestion of parts of dead neurons, manufacturing 
myelin for neurons, providing physical and 
nutritional support for neurons, and more. Types 
of glial cells include Schwann's Cells, Satellite Cells, 
Microglia, Oligodendroglia, and Astroglia.  

Neuroglia (meaning "nerve glue") are the another 
type of brain cell. These cells guide neurons during  
fetal development.  

http://www.lrz-muenchen.de/~u792201/www/microglia.html
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Two Types of Neuroglia in the PNS: 

• Satellite cells 
• Surround cell bodies 

• Schwann cells 
• Surround all peripheral axons 
• Form myelin sheath on myelinated axons 
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Two Anatomical Divisions:  

• Central Nervous System (CNS) 
• Brain 
• Spinal cord 

• Peripheral Nervous System (PNS) 
• All the neural tissue outside CNS 
• Afferent division (sensory input) 
• Efferent division (motor output) 

• Somatic nervous system (controls skeletal muscle) 
• Autonomic nervous system (controls smooth & cardiac muscle) 
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  A reflex arc is the neural pathway that mediates a reflex action. In higher animals, most sensory neurons do 
not pass directly into the brain, but synapse in the spinal cord. This characteristic allows reflex actions to occur 
relatively quickly by activating spinal motor neurons without the delay of routing signals through the brain, although the 
brain will receive sensory input while the reflex action occurs. 
  There are two types of reflex arc - autonomic reflex arc (affecting inner organs) and somatic reflex arc 
(affecting muscles). 

 

http://en.wikipedia.org/wiki/Neural_pathway
http://en.wikipedia.org/wiki/Reflex
http://en.wikipedia.org/wiki/Brain
http://en.wikipedia.org/wiki/Spinal_cord
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                             Membrane Potential & Action Potential 
  Much of what we know about how neurons work comes from experiments on the giant axon of the squid. 
This giant axon extends from the head to the tail of the squid and is used to move the squid's tail. How giant is 
this axon? It can be up to 1 mm in diameter - easy to see with the naked eye. 
  Neurons send messages electrochemically. This means that chemicals cause an electrical signal. Chemicals in 
the body are "electrically-charged" -- when they have an electrical charge, they are called ions. The important ions in 
the nervous system are sodium and potassium (both have 1 positive charge, +), calcium (has 2 positive charges, ++) 
and chloride (has a negative charge, -). There are also some negatively charged protein molecules. It is also 
important to remember that nerve cells are surrounded by a membrane that allows some ions to pass through and 
blocks the passage of other ions. This type of membrane is called semi-permeable.  

 

Resting Membrane Potential 

When a neuron is not sending a signal, it is "at rest." When a neuron is at rest, the inside of the neuron is negative 
relative to the outside. Although the concentrations of the different ions attempt to balance out on both sides of the 
membrane, they cannot because the cell membrane allows only some ions to pass through channels (ion channels). At 
rest, potassium ions (K+) can cross through the membrane easily. Also at rest, chloride ions (Cl-) and sodium ions 
(Na+) have a more difficult time crossing. The negatively charged protein molecules (A-) inside the neuron cannot 
cross the membrane. In addition to these selective ion channels, there is a pump that uses energy to move three 
sodium ions out of the neuron for every two potassium ions it puts in. Finally, when all these forces balance out, and 
the difference in the voltage between the inside and outside of the neuron is measured, you have the resting 
potential. The resting membrane potential of a neuron is about -70 mV (mV=millivolt) - this means that the inside of 
the neuron is 70 mV less than the outside. At rest, there are relatively more sodium ions outside the neuron and 
more potassium ions inside that neuron. 
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Action Potential 

 

  The resting potential tells about what happens when a neuron is at rest. An action potential occurs when a 
neuron sends information down an axon, away from the cell body. Neuroscientists use other words, such as a "spike" 
or an "impulse" for the action potential. The action potential is an explosion of electrical activity that is created by a 
depolarizing current. This means that some event (a stimulus) causes the resting potential to move toward 0 mV. 
When the depolarization reaches about -55 mV a neuron will fire an action potential. This is the threshold. If the 
neuron does not reach this critical threshold level, then no action potential will fire. Also, when the threshold level is 
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reached, an action potential of a fixed sized will always fire...for any given neuron, the size of the action potential is 
always the same. There are no big or small action potentials in one nerve cell - all action potentials are the same size. 
Therefore, the neuron either does not reach the threshold or a full action potential is fired - this is the "ALL OR 
NONE" principle. 

Action potentials are 
caused by an exchange of 
ions across the neuron 
membrane. A stimulus 
first causes sodium 
channels to open. Because 
there are many more 
sodium ions on the 
outside, and the inside of 
the neuron is negative 
relative to the outside, 
sodium ions rush into the 

neuron. Remember, sodium has a positive charge, so the neuron becomes more positive and becomes depolarized. It 
takes longer for potassium channels to open. When they do open, potassium rushes out of the cell, reversing the 
depolarization. Also at about this time, sodium channels start to close. This causes the action potential to go back 
toward -70 mV (a repolarization). The action potential actually goes past -70 mV (a hyperpolarization) because the 
potassium channels stay open a bit too long. Gradually, the ion concentrations go back to resting levels and the cell 
returns to -70 mV. 

                          

  Voltage-gated channels open when the transmembrane potential changes, and chemically gated channels open 
when they are contacted by a transmitter molecule, indicated here as acetylcholine. 
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Synapse Basics Structure of a Synapse: 

Intercellular communication 
Axon terminal receives electrical signal from cell body 
Input to next cell 
Chemical signaling to cross synapse 
Neurotransmitter release  

Presynaptic components 
Axon terminalSynaptic knob 
Synaptic vesiclesSynaptic cleft  
Postsynaptic components 
Neurotransmitter receptors 

 
 
 
 
 
  

 
Types of synapse 

Propagation of an Action Potential: 
Continuous propagation 
-Involves entire membrane surface 
-Proceeds in series of small steps (slower) 
-Occurs in unmyelinated axons 12 m/s 
Saltatory propagation 
-Involves patches of membrane exposed at nodes  
-Proceeds in series of large steps (faster) 
-Occurs in myelinated axons 120 m/s  
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  Electrical and chemical synapses differ fundamentally in their transmission mechanisms. (A) At 
electrical synapses, gap junctions between pre- and postsynaptic membranes permit current to flow 
passively through intercellular channels (see blowup). This current flow changes the postsynaptic 
membrane potential, initiating (or in some instances inhibiting) the generation of postsynaptic action 
potentials. (B) At chemical synapses, there is no intercellular continuity, and thus no direct flow of 
current from pre- to postsynaptic cell. Synaptic current flows across the postsynaptic membrane only in 
response to the secretion of neurotransmitters which open or close postsynaptic ion channels after 
binding to receptor molecules 
  Neurotransmitters are endogenous chemicals which transmit signals from a neuron to a target 
cell across a synapse. Neurotransmitters are packaged into synaptic vesicles clustered beneath the 
membrane on the presynaptic side of a synapse, and are released into the synaptic cleft, where they 
bind to receptors in the membrane on the postsynaptic side of the synapse. Release of 
neurotransmitters usually follows arrival of an action potential at the synapse, but may also follow 
graded electrical potentials. Low level "baseline" release also occurs without electrical stimulation. 
Neurotransmitters are synthesized from plentiful and simple precursors, such as amino acids, which are 
readily available from the diet and which require only a small number of biosynthetic steps to convert. 

http://www.ncbi.nlm.nih.gov/books/n/neurosci/A2251/def-item/A2344/
http://www.ncbi.nlm.nih.gov/books/n/neurosci/A2251/def-item/A2436/
http://www.ncbi.nlm.nih.gov/books/n/neurosci/A2251/def-item/A2492/
http://www.ncbi.nlm.nih.gov/books/n/neurosci/A2251/def-item/A2771/
http://www.ncbi.nlm.nih.gov/books/n/neurosci/A2251/def-item/A2771/
http://www.ncbi.nlm.nih.gov/books/n/neurosci/A2251/def-item/A2771/
http://www.ncbi.nlm.nih.gov/books/n/neurosci/A2251/def-item/A2254/
http://www.ncbi.nlm.nih.gov/books/n/neurosci/A2251/def-item/A2254/
http://www.ncbi.nlm.nih.gov/books/n/neurosci/A2251/def-item/A2344/
http://www.ncbi.nlm.nih.gov/books/n/neurosci/A2251/def-item/A2771/
http://www.ncbi.nlm.nih.gov/books/n/neurosci/A2251/def-item/A2771/
http://www.ncbi.nlm.nih.gov/books/n/neurosci/A2251/def-item/A2677/
http://www.ncbi.nlm.nih.gov/books/n/neurosci/A2251/def-item/A2771/
http://www.ncbi.nlm.nih.gov/books/n/neurosci/A2251/def-item/A2562/
http://www.ncbi.nlm.nih.gov/books/n/neurosci/A2251/def-item/A2815/
http://en.wikipedia.org/wiki/Endogenous
http://en.wikipedia.org/wiki/Chemistry
http://en.wikipedia.org/wiki/Neuron
http://en.wikipedia.org/wiki/Cell_(biology)
http://en.wikipedia.org/wiki/Synapse
http://en.wikipedia.org/wiki/Synaptic_vesicles
http://en.wikipedia.org/wiki/Synaptic_cleft
http://en.wikipedia.org/wiki/Action_potential
http://en.wikipedia.org/wiki/Membrane_potential#Graded_potentials
http://en.wikipedia.org/wiki/Amino_acid
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Summary of Brain Structure 
Brain Structure Function 

Medulla oblongata 
Vital functions such as breathing, heart rate, and blood pressure  
Reflexes such as vomiting, coughing, sneezing, hiccupping, swallowing, and digestion 
Neurons cross 

Pons Breathing, connects spinal cord, cerebellum and higher brain centers 

Cerebellum Motor coordination 

Midbrain 
Receives visual, auditory, and tactile information  
In mammals, this information is sent to the thalamus and higher brain centers.   
In lower vertebrates, the information is further processed in the midbrain. 

Thalamus Relays sensory information to the cerebral cortex.  
Contains part of the reticular formation (controls arousal). 

Hypothalamus 
Maintains homeostasis, regulates the endocrine system  
Contains part of the Limbic system (controls emotion) 

Cerebrum Processes sensory information and produces signals that move the skeletal muscles. 

Cerebral Cortex 
This is the outer layer of the cerebrum.  
Thinking, intelligence, and cognitive functions are located here. 
Processing of sensory information and motor responses 

http://faculty.clintoncc.suny.edu/faculty/michael.gregory/files/bio%20102/bio%20102%20lectures/nervous%20system/neurons.htm#Neurons
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                                       The Spinal Cord 
The vertebrae surround and protect the spinal cord.  
Cerebrospinal fluid within the central canal functions to cushion the spinal cord. 
Many sensory - motor reflex connections are in the spinal cord.  
Interneurons often lie between sensory and motor neurons. 
White matter 
White matter contains tracts that connect the brain and the spinal cord. 
The white color is due to the myelin sheaths. 
Gray matter 
Gray matter looks gray because it is unmyelinated.  
It contains the short interneurons that connect many sensory and motor neurons. Sensory neurons enter 
the gray matter and the axons of motor neurons leave the gray matter. 
The cell bodies of these motor neurons are located in the gray matter. 
 

 
 

http://faculty.clintoncc.suny.edu/faculty/michael.gregory/files/bio%20102/bio%20102%20lectures/nervous%20system/neurons.htm#Neurons
http://faculty.clintoncc.suny.edu/faculty/michael.gregory/files/bio%20102/bio%20102%20lectures/nervous%20system/neurons.htm#Neurons
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A. skull, B. cerebrum, C. pituitary gland, D. pons, E. thalamus, F. cerebellum, G. medulla oblongata, H. spinal cord 

 
Somatic Nervous System 
The somatic nervous system provides conscious, voluntary control. 

It includes all of the nerves that serve the skeletal muscles and the exterior sense organs.  
It also includes reflexes. 

Reflex arcs 
  Reflexes are simple, stereotyped and repeatable motor actions (example: movements) brought about by a 
specific sensory stimulus. The reflex is involuntary but may involve the use of voluntary (skeletal) muscle and nerves. 
Reflexes are quick and produce behaviors that are typically beneficial. For example, when you fall, reflex arcs 
immediately act to extend your arm so that your arm prevents your head and body from hitting the ground.  
Some reflexes involve the brain, others do not. 
  A whole series of responses may occur since some sensory neurons stimulate several interneurons which, in 
turn send impulses to other parts of the CNS. If you were to fall forward, interneurons would use information from 
the ears to determine the direction of the fall and extend the arms in a forward direction. If you were to fall 
toward the left side, interneurons would select neurons that activate muscles to extend your arm to the left side. 
  Example: The stretch reflex 
  The stretch reflex is involved in helping the body maintain its position without having to consciously think 
about it. 

http://faculty.clintoncc.suny.edu/faculty/michael.gregory/files/bio%20102/bio%20102%20lectures/nervous%20system/neurons.htm#Neurons
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Stretch-sensitive receptors in the muscles contain stretch-gated channels. When the muscle is stretched, the channels 
open, causing the neuron to depolarize. Action potentials are conducted to the spinal cord. The axon terminals synapse 
with motor neurons leading right back to the muscles. This causes the muscle to contract to its original position. 
  Autonomic Nervous System 
This part of the nervous system sends signals to the heart, smooth muscle, glands, and all internal organs. 
It is generally without conscious control. 
The autonomic nervous system uses two or more motor neurons: 
The cell body of one of the motor neurons is in the CNS. The cell body of the other one is in a ganglion. 
Sympathetic Division 
The sympathetic nervous system stimulates the body. For example, it helps prepare the body to deal with emergency 
situations. This is often called the "fight or flight" response. 
Stimulation from sympathetic nerves dilates the pupils, accelerates the heartbeat, increases the breathing rate, and 
inhibits the digestive tract. 
The neurotransmitter is norepinephrine. 
Sympathetic nerves arise from the middle (thoracic-lumbar) portion of the spinal cord. 
Parasympathetic Division 
When there is little stress, the parasympathetic system tends to slow down the overall activity of the body. 
It causes the pupils to contract, it promotes digestion, and it slows the rate of heartbeat. 
The neurotransmitter is acetylcholine. 
The actual rate of stimulus to each organ is determined by the sum of opposing signals from the sympathetic and 
parasympathetic systems. 
Parasympathetic nerves arise from the brain and sacral (near the legs) portion of the cord. 
Enteric Division 
The enteric division contains neurons that control the digestive tract, pancreas, and gallbladder. 
Activity of the enteric division is usually regulated by the sympathetic and parasympathetic divisions. 

 

http://faculty.clintoncc.suny.edu/faculty/michael.gregory/files/bio%20102/bio%20102%20lectures/nervous%20system/neurons.htm#Neurons
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Human Sense organs 

 
Chemical Sense – Taste 

• Gustation - sensation of taste  
- results from action of chemicals on taste buds 

• Lingual papillae 
- filiform (no taste buds) -important for texture 
- foliate (no taste buds)  
- fungiform - at tips and sides of tongue 
- vallate (circumvallate) 

• at rear of tongue 
• contains 1/2 of taste buds 

Taste Bud Structure 
• Taste cells  

- apical microvilli serve as receptor surface  
- synapse with sensory nerve fibers at their base 

• Supporting cells 
• Basal cells 
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Physiology of Taste 
• Molecules must dissolve in saliva 
• 5 primary sensations - throughout tongue   

1. Sweet - concentrated on tip  2. Salty - lateral margins 
3. Sour - lateral margins   4. Bitter – posterior 
5.   Umami - taste of amino acids (MSG) 

 Influenced by food texture, aroma, temperature, and appearance 
 mouthfeel - detected by lingual nerve in papillae 
 Hot pepper stimulates free nerve endings (pain) 

 
 

Chemical Sense – Smell 
• Olfactory mucosa  

– contains receptor cells for olfaction 
– highly sensitive 

• up to 10,000 odors 
– on 5 cm2 of superior concha and nasal septum 
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Olfactory Epithelial Cells 

• Olfactory cells 
- olfactory hairs neurons with 20 cilia 
- bind odor molecules in thin layer of mucus 
- axons pass through  cribriform plate 
- survive 60 days 

• Supporting cells 
• Basal cells  

- divide 
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Physiology of Smell 
• Molecules bind to receptor on olfactory hair 

– hydrophilic - diffuse through mucus  
– hydrophobic - transport by odorant-binding protein 

• Receptors adapt quickly  
– due to synaptic inhibition in olfactory bulbs 

 
The Nature of Sound 

• Sound - audible vibration of molecules 
– vibrating object pushes air molecules 

 
 
Pitch and Loudness 

• Pitch - frequency vibrates specific parts of ear 
– hearing range is 20 (low pitch) - 20,000 Hz (cycles/sec) 
– speech is 1500-4000 where hearing is most sensitive 

• Loudness – amplitude; intensity of sound energy  
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Outer Ear 

• Fleshy auricle (pinna) directs air vibrations down external auditory meatus  
– cartilagenous and bony, ends at eardrum 
– glandular secretions and dead cells form cerumen (earwax) 

Middle Ear 
• Air-filled in temporal bone between tympanic membrane and oval window 

– continuous with mastoid air cells 
• Contains 

– auditory tube (eustachian tube) connects to nasopharynx  
• equalizes air pressure on tympanic membrane 

– ear ossicles (malleus, incus, stapes) 
– stapedius and tensor tympani muscles 

Inner Ear 
• Bony labyrinth - passageways in temporal bone 
• Membranous labyrinth - fleshy tubes lining bony tunnels 

– filled with endolymph (similar to intracellular fluid) 
– floating in perilymph (similar to cerebrospinal fluid) 
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Anatomy of Cochlea 

• Scala media (cochlear duct)  
– separated from  

• scala vestibuli by vestibular membrane 
• scala tympani by basilar membrane 

• Spiral organ (organ of corti) 
– Stereocilia of hair cells attach to gelatinous tectorial membrane 
– Inner hair cells  

• hearing  
– Outer hair cells  

• adjust cochlear responses to different frequencies  
• increase precision 
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Physiology of Hearing - Middle Ear 
• Tympanic membrane 

– ossicles (oval window) vibrate endolymph in scala vestibuli  
• Tympanic reflex – muscle contraction  

– tensor tympani m. tenses tympanic membrane 
– stapedius m. reduces mobility of stapes 

• best response to slowly building loud sounds 
• occurs while speaking 

Stimulation of Cochlear Hair Cells 
• Vibration of ossicles causes vibration of basilar membrane under hair cells 

– as often as 20,000 times/second 

 
Sensory Coding 

• Vigorous vibrations excite more inner hair cells over a larger area  
– triggers higher frequency of action potentials 
– brain interprets this as louder sound 

• Pitch depends on which part of basilar membrane vibrates 
– at basal end, membrane narrow and stiff  

• brain interprets signals as high-pitched 
– at distal end, 5 times wider and more flexible 

• brain interprets signals as low-pitched 
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Equilibrium 

• Control of coordination and balance 
• Receptors in vestibular apparatus 

– semicircular ducts contain crista  
– saccule and utricle contain macula 

• Static equilibrium – perceived by macula 
– perception of head orientation 

• Dynamic equilibrium 
– perception of motion or acceleration  

• linear acceleration perceived by macula 
• angular acceleration perceived by crista  

Saccule and Utricle 
• Contain macula 

– hair cells with stereocilia and one kinocilium buried in a gelatinous otolithic membrane 
– otoliths add to the density and inertia and enhance the sense of gravity and motion 
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Macula 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

• Static equilibrium - when head is tilted, weight of membrane bends the stereocilia  
• Dynamic equilibrium – in car, linear acceleration detected as otoliths lag behind 

Crista ampullaris 

 
• Consists of hair cells buried in a mound of gelatinous membrane (one in each duct) 
• Orientation causes ducts to be stimulated by rotation in different planes 
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Crista Ampullaris - Head Rotation 

 
• As head turns, endolymph lags behind, pushes cupula, stimulates hair cells 

 
Vision and Light 

• Vision - perception of light emitted or reflected from objects in the environment 
• Visible light  

– electromagnetic radiation with wavelengths from 400 to 750 nm 
– must cause a photochemical reaction to produce a nerve signal 
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Conjunctiva 

 
• Transparent mucous membrane lines eyelids and covers anterior surface of eyeball except cornea 
• Richly innervated and vascular (heals quickly) 

Tunics of the Eyeball 

 
• Fibrous layer - sclera and cornea  
• Vascular layer - choroid, ciliary body and iris 
• Internal layer - retina and optic nerve 
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Optical Components 
• Structures refract light to focus on retina 

cornea  
 transparent cover on anterior surface of eyeball 

aqueous humor 
serous fluid posterior to cornea, anterior to lens 

lens  
changes shape to help focus light  
rounded with no tension 
flattened due to pull of suspensory ligaments 

vitreous humor  
jelly fills space between lens and retina 

 
Effects of Corrected Lenses 

• Hyperopia - farsighted (eyeball too short) 
– correct with convex lenses 

• Myopia - nearsighted (eyeball too long) 
– correct with concave lenses 

 
Photoreceptor Cells 
Photoreceptors 

– rod cells (night - scotopic vision) 
• studded with rhodopsin pigment molecules 

– cone cells (color - photopic vision)  
• outer segment tapers to a point 
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Nonreceptor Retinal Cells 
• Bipolar cells (1st order neurons) 

– synapse on ganglion cells 
– large amount of convergence 

• Ganglion cells (2nd order neurons) 
– axons of these form optic nerve 
– more convergence occurs (114 receptors  

to one optic nerve fiber) 
• Horizontal and amacrine cells form  

connections between other cells 
– enhance perception of contrast, edges of  

objects and changes in light intensity 
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Visual Pigments 
• Rod cells have rhodopsin  

– 2 major parts of molecule 
• opsin - protein portion 
• retinal - a vitamin A derivative 

 
 

• Cones contain photopsin (iodopsin) 
– opsin moieties contain different amino acids that determine wavelengths of light absorbed 
– 3 kinds of cones absorbing different wavelengths of light produce color vision 

 
Light and Dark Adaptation 

• Light adaptation (walk out into sunlight) 
– pupil constriction and pain from over stimulated retinas 
– color vision and acuity below normal for 5 to 10 minutes 

• Dark adaptation (turn lights off) 
– dilation of pupils occurs 
– 20 to 30 minutes required for regeneration of rhodopsin  

Scotopic System (Night Vision) 
• Rods sensitive – react even in dim light 

– extensive neuronal convergence 
– 600 rods converge on 1 bipolar cell 
– many bipolar converge on each ganglion cell 
– results in high degree of spatial summation  

• one ganglion cells receives information from 1 mm2 of retina producing only a coarse image 
• Edges of retina have widely-spaced rod cells, act as motion detectors 
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Photopic System (Day Vision) 
• Fovea contains only 4000 tiny cone cells (no rods) 

– no neuronal convergence 
– each foveal cone cell has ‚private line to brain‛ 

• High-resolution color vision 
 
Stereoscopic Vision (Stereopsis) 

• Depth perception - ability to judge distance to objects 
– requires 2 eyes with overlapping visual fields 
– panoramic vision has eyes on sides of head (horse) 

 

 
 
 
 
 
 

  The fovea centralis, also generally known as the fovea 
(the term fovea comes from the Latin, meaning pit or pitfall), is 
a part of the eye, located in the center of the macula region of 
the retina.The fovea is responsible for sharp central vision (also 
called foveal vision), which is necessary in humans for reading, 
watching television or movies, driving, and any activity where 
visual detail is of primary importance. 
  A blind spot, also known as a scotoma, is an obscuration 
of the visual field. A particular blind spot known as the blindspot, 
or physiological blind spot, or punctum caecum in medical literature 
is the place in the visual field that corresponds to the lack of 
light-detecting 

http://en.wikipedia.org/wiki/Eye
http://en.wikipedia.org/wiki/Macula
http://en.wikipedia.org/wiki/Retina
http://en.wikipedia.org/wiki/Visual_perception
http://en.wikipedia.org/wiki/Foveal
http://en.wikipedia.org/wiki/Reading_(activity)
http://en.wikipedia.org/wiki/Television
http://en.wikipedia.org/wiki/Scotoma
http://en.wikipedia.org/wiki/Visual_field
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Color Vision Test 

  People with normal color vision can perceive numbers formed by patterns of colored dots in every circle. If 
you do not see some of the numbers, you should have your eyes checked and consider working in a job where color 
discrimination is not critical.  
  Approximately 6%-8% of people of European descent, 4%-6% of people of Asian descent, and 2%-4% of 
people of African descent have some type of defective color vision. Images based on Tests for Colour Blindness by 
Dr. Shinobu Ishihara. 

 25    29 

 45    56 

 6    8 

As an experiment, look at these circles with blue-red 3D glasses, first with one eye, and then with the other. Some 
of the numbers will not be visible! Also, use the glasses to look at the word color test below and explain the results. 
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NERVOUS SYSTEM TEST 
1. The nervous system exhibits all of these functions EXCEPT: 
a. monitoring change  b. integrating impulses c. storing calcium d. effecting responses 
2. Ciliated CNS neuroglia that play an active role in moving the CSF are: 
a. ependymal cells  b. Schwann cells c. oligodendrocytes d. astrocytes 
3. The Sheath of Schwann is also called: 
a. axolemma   b. neurilemma  c. white matter d. myelin sheath 
4. An excitatory neurotransmitter secreted by motor neurons innervating skeletal muscle is: 
a. cholinesterase (AChE) b. norepinephrine c. acetylcholine (ACh) d. gamma aminobutyric acid 
5. Which of the following is NOT a structural feature of a neuron? 
a. synaptic cleft  b. Nissl body  c. dendrites  d. axon 
6. The part of the neuron that conducts impulses away from its cell body is called: 
a. dendrite   b. axon   c. neurilemma  d. Schwann cell 
7. The point at which an impulse from one nerve cell is communicated to another nerve cell is the: 
a. cell body   b. receptor  c. synapse  d. effector 
8. Which of the following is NOT a function of the autonomic nervous system? 
a. innervation of smooth muscle of the digestive tract b. innervation of cardiac muscle 
c. innervation of glands     d. innervation of skeletal muscle 
9. Collections of nerve cell bodies outside the CNS are called: 
a. nuclei  b. nerves  c. ganglia  d. tracts 
10. The term ‚central nervous system‛ refers to the: 
a. autonomic nervous system   b. brain, spinal cord, and peripheral nerves 
c. spinal cord and spinal nerves  d. brain and spinal cord 
11. The substance released at axonal endings to propagate a nervous impulse is called a(n): 
a. ion  b. neurotransmitter  c. cholinesterase d. biogenic amine 
12. Saltatory conduction is made possible by 
a. the myelin sheath and Nodes of Ranvier  b. large nerve fibers 
c. diphasic impulses     d. erratic transmission of nerve impulses 
13. The part of the neuron that receives stimuli is called: 
a. axon   b. dendrite  c. neurilemma  d. Schwann cell 
14. Place the following parts of the reflex arc in proper sequence: 
a. effector-motor neuron-integration center-sensory neuron-receptor 
b. receptor-motor neuron-integration center-sensory neuron-effector 
c. receptor-sensory neuron-integration center-motor neuron-effector 
d. effector-sensory neuron-integration center-motor neuron-receptor 
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15. The sympathetic and parasympathetic are subdivisions of the: 
a. central nervous system   b. voluntary nervous system 
c. autonomic nervous system   d. somatic nervous system 
16. Neuroglia that controls the chemical environment around neurons by buffering potassium and 
recapturing neurotransmitters are: 
a. astrocytes  b. oligodendrocytes c. microglia  d. Schwann cells 
17. Schwann cells are functionally similar to: 
a. ependymal cells b. microglia  c. oligodendrocytes d. astrocytes 
18. Reflexes are rapid, automatic responses to stimuli.      a. True  b. False 
19. A motor neuron carries stimuli from the central nervous system to the effector.  a. True b. False 
20. Myelination of the nerve fibers in the CNS is the job of the oligodendrocytes.   a. True b. False 
21. Neurons do NOT undergo mitosis in the adult. a. True b. False 
22. Afferent neurons transmit impulses from the periphery to the CNS. a. True   b. False 
23. Which of the following is NOT a characteristic of neurons? 
a. extreme longevity  b. amitotic c. stimulation d. high metabolic rate 
24. Neurons that transmit impulses from sensory receptors in the skin or internal organs 
toward the CNS are called: 
a. receptor neurons  b. axons c. sensory neurons d. motor neurons 
25. Ohm’s Law states: 
a. an action potential either happens completely or not at all 
b. depolarization becomes self-generating at threshold 
c. current varies directly with voltage and inversely with resistance 
d. neurons communicate through neurotransmitters 
26. The degeneration and hardening of the myelin sheath is known as: 
a. saltatory conduction  b. multiple sclerosis  c. synapses  d. depolarization 
Matching: Match the correct location to the correct portion of the brain. 
A. Frontal   B. Parietal   C. Occipital   D. Temporal 
27. Auditory area   28. Primary sensory cortex        29. Reasoning    
30. Motor speech area  31. Learning  32. Seat of intelligence and abstract reasoning 
33. Visual areas  34. Willpower  35. Taste (gustatory) area 
Matching: 
A. Dura Mater  B. Pia mater C. Arachnoid   D. Subarachnoid space   E. Ventricles  
36. The innermost layer of the meninges; delicate, contains many blood vessels 
37. The web-like, spidery middle meningeal layer 
38. Normally, the CSF flows freely from the ventricle; then into the _______. 
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Matching: 
A. Arachnoid villi  B. Central canal  D. Meningitis  C. Choroid plexus  E. Hydrocephalus 
39. The CSF helps protect the brain and spinal cord against shock. It is filtered into the 
ventricles through the _____________. 
40. The CSF is returned to the blood in the venous sinuses through projections called_____ 
41. Any obstruction to the normal flow of CSF within the brain may give rise to a condition called __ 
42. Inflammation of the brain coverings that may be due to pathogenic bacteria. 
. 
Multiple Choice 
43. The brain stem consists of the: 
a. cerebrum, pons, midbrain, and medulla b. midbrain, medulla, pons 
c. pons, medulla, cerebellum, and midbrain d. midbrain only  
44. The vital centers for control of heart rate, respiration, and blood pressure are located in:  
a. the pons  b. the medulla  c. the midbrain  d. the cerebrum 
45. Which of the following would you not find in normal cerebrospinal fluid? 
a. glucose  b. red blood cells c. potassium  d. protein 
46. Mr. J. H. was injured in an accident that completely severed his spinal cord at the 
level of T-12. You would expect to find all of the following EXCEPT: 
a. paralysis of the lower extremities  b. loss of sensation below the level of injury 
c. slurred speech    d. perspiration in the affected area 
47. The rough leathery meningeal layer is the: 
a. dura mater  b. subarachnoid   c. arachnoid  d. pia mater 
48. The CSF 
a. is secreted by the arachnoid villi 
b. enters the four ventricles after filling and circulating through the subarachnoid space 
c. is secreted mostly by the ependymal cells lining the brain ventricles 
d. is formed mostly by the choroid plexuses 
49. The hypothalamus: 
a. is the thermostat of the body since it regulates temperature 
b. contains the feeding and hunger centers 
c. contains neurons sensitive to the solute concentration of the blood 
d. all of the above are correct 
50. The blood-brain barrier is effective against: 
a. metabolic waste such as urea  b. nutrients such as glucose 
c. alcohol     d. anesthetics 
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51. An electroencephalogram: 
a. is a record of the total body electrical activity 
b. is a record of the electrical activity of the heart 
c. can only detect normal electrical activity 
d. is a record of the electrical activity of the brain 
Matching. 
A. Cranial Nerve I (Olfactory)  B. Cranial Nerve II (Optic) 
C. Cranial Nerve III (Oculomotor)  D. Cranial Nerve V (Trigeminal) 
E. Cranial Nerve VII (Facial)  F. Cranial Nerve VIII (Vestibulocochlear) 
G. Cranial Nerve X (Vagus)   H. Cranial Nerve XII (Hypoglossal) 
52. Hearing, equilibrium     53. Smell 
54. Chewing, mouth /face touch and pain  55. Slows heart rate, stimulates digestive organs 
56. Controls facial expressions, secretion of tears and saliva 
57. Controls tongue movement    58. Vision 
59. Eyelid and eyeball movement 
Nervous System Worksheet 
1. What makes up the central nervous system?        
2. What makes up the peripheral nervous system?        
3. Describe a neuroglia :           
              
4. Describe a neuron:            
5. The whitish fatty segmented covering of axons that acts as electrical insulation is called  
6. The space between nerve fibers is called         
7. What does a neuro transmitter do?         
8. What does is a reflex arc do?          
9. What type of reflex causes blinking?         
10. What does the average brain weigh?         
11. What functions does the Cerebrum perform?        
             
             
             
              
12. What functions does the cerebellum perform?        
13. What functions does the brainstem perform?        
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14. What are the layers of the meninges?         
15. What does cerebral spinal fluid do?         
16. List the 12 cranial nerves:           
             
             
             
             
             
             
             
             
             
             
              
17. How many spinal nerves are there and where are they located? 
             
             
             
             
              
18. What viral infection of the nervous system causes unilateral facial paralysis?   
              
19. What idiopathic disorder causes recurring and excessive electrical discharge?    
20. What nervous system disorder causes tremors; uncontrolled shaking related to a decrease 
of dopamine?             
21. What nervous system disorder occurs when lesions form on the cerebral cortex causing 
dementia?             
22. What nervous system disorder is also known as an autoimmune disease?    
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Chapter 13: The Endocrine System 
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The Endocrine System   
11.1- 11.2 Introduction 
1.   Made up of glands that produce and secrete 
hormones  (chemical messengers) 
2.   Regulation of growth, metabolism, sexual 
development 
3.   Responses to stress and injury 
4.  Internal balance of body systems (homeostasis) 
 
Major Glands 
1. Hypothalamus 
2. Pituitary 
3. Thyroid 
4. Parathyroid 
5. Adrenals 
6. Pineal Body 
7. Reproductive organs (ovaries and testes 
8. Pancreas 

*HORMONES  are chemical messengers that act on 
TARGET CELLS 
Exocrine Glands – secrete outside the body through 
ducts and tubes (sweat) 
 
11.3  Hormone Action  
Steroids – insoluble in water, carried in the blood and 
released near the vicinity of the target cell 
Nonsteroid hormones – binding site, activity site   
(cyclic AMP,  cAMP = secondary messenger) 
Prostoglandins – act locally, affecting only the organ 
where they are Produces 
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11.4  Control of Hormonal Secretions 
Hypothalamus (releasing hormone)  Pituitary (stimulating 
hormone)  Target Gland (secretes hormone)  
  * hormone levels rise and releasing hormone is shut down 
(negative feedback) 
11.5  Pituitary Gland 
Location:  base of the brain, pituitary stalk (infundibulum) 
attaches it to the hypothalamus 
Consists of an anterior pituitary and posterior pituitary 
*Often called the ‚master gland‛ because of its great influence 
on the body organs 
 
Anterior Pituitary Hormones :  The 6 majors hormones. 
1. Prolactin or PRL - PRL stimulates milk production from a woman's breasts after childbirth and can 
affect sex hormone levels from the ovaries in women and the testes in men. 
2. Growth hormone or GH - GH stimulates growth in childhood and is important for maintaining a 
healthy body composition. In adults it is also important for maintaining muscle mass and bone mass. It 
can affect fat distribution in the body.  
3. Adrenocorticotropin or ACTH - ACTH stimulates production of cortisol by the adrenal glands. 
Cortisol, a so-called "stress hormone," is vital to survival. It helps maintain blood pressure and blood 
glucose levels. 
4. Thyroid-stimulating hormone or TSH - TSH stimulates the thyroid gland to make thyroid hormones, 
which, in turn, control (regulate) the body's metabolism, energy, growth and development, and nervous 
system activity. 
5. Luteinizing hormone or LH - LH regulates testosterone in men and estrogen in women. 
(gonadotropin) 
6. Follicle-stimulating hormone or FSH - FSH promotes sperm production in men and stimulates the 
ovaries to release eggs (ovulate) in women. LH and FSH work together to allow normal function of 
the ovaries or testes. (gonadotropin) 
 
Posterior Pituitary Hormones : 2 majors hormones 
1. Oxytocin - Oxytocin causes milk letdown in nursing mothers and contractions during childbirth. 
2. Antidiuretic hormone or ADH - ADH, also called vasopressin, is stored in the back part of the 
pituitary gland and regulates water balance. If this hormone is not secreted properly, this can lead to 
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problems of sodium (salt) and water balance, and could also affect the kidneys                                                                        
*Diuretics – increase urine production 
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11.6  Thyroid Gland 
  The thyroid is a small gland inside the neck, located in front of 
your breathing airway (trachea) and below your Adam's apple.  
The thyroid hormones control your metabolism, which is the body's ability to 
break down food and store it as energy and the ability to break down 
food into waste products with a release of energy in the process.  

Thyroid Hormones 
Produces two very different hormones. 
1. Follicular cells produce the amine-based thyroid hormone (TH). 
2. Parafollicular cells produce the peptide hormone calcitonin. 
Thyroxin (T4) & Tri-iodothyronine (T3)  - both increase the 
rate at which cells release energy from carbohydrates 
Calcitonin – regulates the blood concentration of calcium 
BMR – basal metabolic rate :  how many calories the body must 
consume to maintain life  
Thyroid Disorders 
Goiter – too little iodine in diet causes thyroid to swell 
Hypothyroidism  (cretinism in infants) – stunted growth, mental 
retardation, sluggishness, weight gain in adults 
Hyperthyroidism  (Grave’s disease) -  restlessness, weight loss, anxiety; can cause Goiter (enlarged 
thyroid) 
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11.7  Parathyroid Gland 
Located behind the thyroid, four tiny glands that help maintain calcium 
and phosphorous levels 
Parathyroid Hormone (PTH) -  takes calcium from the bones to make 
it available in the blood 
11.8  Adrenal Glands 
Each adrenal gland is actually two endocrine organs located right above 
each kidney. The outer portion is called the adrenal cortex. The 
inner portion is called the adrenal medulla.  
Hormones of the Adrenal Medulla 
Epinephrine & Norepinephrine – increased heart rate, breathing 
rate, elevated blood pressure  (fight or flight, response to stress) 
Hormones of the Adrenal Cortex 
Aldosterone – a mineralcorticoid, helps kidneys conserve sodium 
and excrete potassium, maintaining blood pressure 
Cortisol – glucocortoid, keeps blood glucose levels stable 
Adrenal Sex Hormones -  androgens (male) and estrogens (female)  
Cushing’s Syndrome(hypersecretion of cortisol) – blood glucose remains high, retains too much sodium, 
puffy skin, masculinizing effects in women  
Addison’s Disease (hyposecretion) – decreased blood sodium, dehydration, low blood pressure, increased 
skin pigmentation 

 



Biology 2 Worksheets and Instruction for EIS Students by Sipsang Sukphol 
 

131 

11.9 Pancreas 
The pancreas is a large gland behind your stomach that helps 
the body to maintain healthy blood sugar (glucose) levels. 
Contains islands of cells called the Islets of Langerhans which 
secrete glucagon and insulin 
Glucagon – stimulates the liver to break down glycogen, raises 
blood sugar concentration 
Insulin – decreases blood sugar concentrations, affects the uptake of glucose by cells 
Diabetes Mellitus – results from an insulin deficiency, blood sugar rises (hyperglycemia) and excess is 
excreted in the urine. 
Type I – insulin dependent diabetes mellitus or juvenile onset diabetes, often caused by inherited 
immune disorder that destroys pancreatic cells 
Type II – mature onset diabetes (usually after the age of 40), often individuals are overweight, can 
be controlled with diet and exercise 
Hypoglycemia – low blood sugar, can be caused by too much insulin 
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11.10 Other Endocrine Glands 
Pineal Gland – located between the cerebral hemispheres, secretes melatonin, important for maintaining 
Circadian rhythms (light and dark activity)  
 Produces the amine hormone melatonin. 
 Functions not well understood in humans but thought to play a role in regulating light-dark cycles. 
Thymus Gland – large in young children, gradually shrinks with age, secretes thymosins, important to 
immune function 
Reproductive Glands – testes and ovaries – testosterone, progesterone, estrogen 
Ovaries 
_ Secrete the female steroid sex hormones estrogen and progesterone and the peptide hormone inhibin. 
_ Estrogen is important for egg development inside the ovarian follicles. 
_ Progesterone is important after ovulation for maintaining the integrity of the uterine lining and during 
pregnancy. 
_ Inhibin regulates the secretion of FSH from the anterior pituitary in a negative feedback mechanism. 
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Testes 
_ Secretes the male steroid sex hormone testosterone and the peptide hormone inhibin. 
_ Testosterone aids in the development of gametes, is responsible for secondary sex 
characteristics, and controls libido. 
_ Inhibin regulates the secretion of FSH by the anterior pituitary 
 

 
 

Pheromone 

  A pheromone (from Greek φέρω phero "to bear" + hormone from Greek ὁρμή - "impetus") 
is a secreted or excreted chemical factor that triggers a social response in members of the same 
species. Pheromones are chemicals capable of acting outside the body of the secreting individual to 
impact the behavior of the receiving individual. There are alarm pheromones, food trail pheromones, 
sex pheromones, and many others that affect behavior or physiology. Their use among insects has 
been particularly well documented. In addition, some vertebrates and plants communicate by using 
pheromones. 

http://en.wikipedia.org/wiki/Greek_language
http://en.wikipedia.org/wiki/Hormone
http://en.wikipedia.org/wiki/Chemical
http://en.wikipedia.org/wiki/Species
http://en.wikipedia.org/wiki/Alarm_signal
http://en.wikipedia.org/wiki/Insect
http://en.wikipedia.org/wiki/Vertebrate
http://en.wikipedia.org/wiki/Plant
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                             Types  of  Pheromones  
1. Aggregation pheromones  function in defense against predators, 
mate selection, and overcoming host resistance by mass attack. A 
group of individuals at one location is referred to as an 
aggregation, whether consisting of one sex or both sexes. Male-
produced sex attractants have been called aggregation 
pheromones, e.g. Aggregation of bug nymphs see  

2. Alarm Some species release a volatile substance when attacked by a predator that can trigger flight 
(in aphids) or aggression (in ants, bees, termites) in members of the same species. Pheromones also 
exist in plants: Certain plants emit alarm pheromones when grazed upon, resulting in tannin production in 
neighboring plants. These tannins make the plants less appetizing for the herbivore.  

3. Epideictic: Epideictic pheromones are different from territory pheromones, when it comes to insects. 
Fabre observed and noted how "females who lay their eggs in these fruits deposit these mysterious 
substances in the vicinity of their clutch to signal to other females of the same species they should 
clutch elsewhere." 

4.Releaser : Releaser pheromones are pheromones that cause an alteration in the behavior of the 
recipient. For example, some organisms use powerful attractant molecules to attract mates from a 
distance of two miles or more. In general, this type of pheromone elicits a rapid response, but is 
quickly degraded. In contrast, a primer pheromone has a slower onset and a longer duration. For 
example, rabbit (mothers) release mammary pheromones that trigger immediate nursing behavior by 
their babies.  

5. Signal :Signal pheromones cause short-term changes, such as the neurotransmitter release that 
activates a response. For instance, GnRH molecule functions as a neurotransmitter in rats to elicit 
lordosis behavior.  

6.Primer: primer pheromones trigger a change of developmental events (in which they differ from all 
the other pheromones, which trigger a change in behavior). 

7.Territorial: Laid down in the environment, territorial pheromones mark the boundaries of an organism's 
territory. In cats and dogs, these hormones are present in the urine, which they deposit on landmarks 
serving to mark the perimeter of the claimed territory. In social seabirds, the preen gland is used to 
mark nests, nuptial gifts, and territory boundaries with behavior formerly described as 'displacement 
activity'.  

http://en.wikipedia.org/wiki/Aphid
http://en.wikipedia.org/wiki/Ant
http://en.wikipedia.org/wiki/Bee
http://en.wikipedia.org/wiki/Termite
http://en.wikipedia.org/wiki/Tannin
http://en.wikipedia.org/wiki/Herbivore
http://en.wikipedia.org/wiki/Jean_Henri_Fabre
http://en.wikipedia.org/wiki/Lordosis_behavior
http://en.wikipedia.org/wiki/Displacement_activity
http://en.wikipedia.org/wiki/Displacement_activity
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8.Trail: Trail pheromones are common in social insects. For example, ants mark their paths with these 
pheromones, which are volatile hydrocarbons. Certain ants lay down an initial trail of pheromones as 
they return to the nest with food.  
   This trail attracts other ants and serves as a guide. As long as the food source remains, the 
pheromone trail will be continuously renewed. The pheromone must be continuously renewed because it 
evaporates quickly. When the supply begins to dwindle, the trail making ceases. In at least one species 
of ant, trails that no longer lead to food are also marked with a repellent pheromone.  

 

 

 

9.Information: Information pheromones are indicative of an animal's identity or territory. For example, 
dogs and cats deposit chemicals in and around their territory, which then serve as an indicator for 
other members of the species about the presence of the occupant in that territory.  

10.Sex: In animals, sex pheromones indicate the availability of the female for breeding. Male animals 
may also emit pheromones that convey information about their species and genotype. Many insect 
species release sex pheromones to attract a mate, and many lepidopterans (moths and butterflies) can 
detect a potential mate from as far away as 10 kilometers (6.25 mi). Traps containing pheromones are 
used by farmers to detect and monitor insect populations in orchards. Human sex Pheromone : 
Pheromones most likely become airborne after being secreted in axillary (armpit) sweat glands. (left)  
The chemical structure of androstadienone (AND), a putative pheromone produced by men.        
Androstadienone is commonly sold in male fragrances, it’s purported, to increase sexual attraction. (right) 

     

http://en.wikipedia.org/wiki/Ant
http://en.wikipedia.org/wiki/Hydrocarbon
http://en.wikipedia.org/wiki/Genotype
http://en.wikipedia.org/wiki/Lepidoptera
http://upload.wikimedia.org/wikipedia/commons/7/74/Androstadienone_chemical_structure.png
http://upload.wikimedia.org/wikipedia/commons/7/74/Androstadienone_chemical_structure.png


 Selected and Edited by Sipsang Sukphol   

Department of Science, RattanakosinSompoteBorworniwetSalaya School Nakornpathom, Thailand 

136 

 



Biology 2 Worksheets and Instruction for EIS Students by Sipsang Sukphol 
 

137 

 



 Selected and Edited by Sipsang Sukphol   

Department of Science, RattanakosinSompoteBorworniwetSalaya School Nakornpathom, Thailand 

138 

 



Biology 2 Worksheets and Instruction for EIS Students by Sipsang Sukphol 
 

139 

Exercise/Homework: The Endocrine system 
1. For each target gland/tissue here fill in the correct anterior pituitary hormone 

 
Answer the questions 
1. What makes up the endocrine system? 
2. What do the products of the endocrine system do? 
Hormones  
3. Chemicals released in one part of the body that travel through the bloodstream and 
affect the activities of cells in other parts of the body are called      
4. How do hormones affect the activities of other cells?      
              
5. Cells that have receptors for a particular hormone are referred to as .     
6. Is the following sentence true or false? Cells without receptors are not affected by 
hormones.             
7. Is the following sentence true or false? Generally, the body’s responses to hormones are 
quicker and shorter lasting than the responses to nerve impulses.      
Glands  
8. An organ that produces and releases a substance, or secretion, is called a(an)    
9. What is an exocrine gland?           
10. Glands that release sweat, tears, and digestive juices are considered glands.    
11. What is the function of the parathyroid glands?        
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Match the endocrine gland with the hormone it produces. 
Endocrine Gland 
12. Pineal 
13. Thyroid 
14. Pancreas 
15. Thymus 
16. Adrenal 
17. Ovary 
18. Testis 
19. The hormone that regulates metabolism is  
 
Hormone Action  
20. List the two general groups into which hormones may be classified. 
a.              
b.              
21. Circle the letter of each sentence that is true about steroid hormones. 
a. They are lipids.    b. They cannot cross cell membranes. 
c. They help regulate gene expression. d. They can enter the nucleus. 
22. Is the following sentence true or false? Steroid hormones are produced from cholesterol.  
23. Circle the letter of each sentence that is true about nonsteroid hormones. 
a. They are proteins, small peptides, or modified amino acids. b. They can cross cell membranes. 
c. They rely on secondary messengers.    d. They cannot enter the nucleus. 
24. Is the following sentence true or false? Secondary messengers may include calcium 
ions, cAMP, nucleotides, and fatty acids.         
Prostaglandins  
25. Hormonelike substances produced by other kinds of cells and tissues are called    
              
26. Why are prostaglandins known as ‚local hormones‛?       
27. Is the following sentence true or false? Some prostaglandins cause smooth muscles to 
contract.             
Control of the Endocrine System (pages 1000–1001) 
28. When does feedback inhibition occur?         
              
29. Fill in the missing labels in the diagram to show how the thyroid gland is regulated by 
feedback controls. 

Hormone It Produces 
a. Glucagon 
b. Melatonin 
c. Epinephrine 
d. Thyroxine 
e. Thymosin 
f. Testosterone 
g. Estrogen 
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30. Circle the letter of each event that occurs when core body temperature begins to drop. 
a. The hypothalamus produces less TRH.  b. More TSH is released. 
c. Less thyroxine is released.    d. Metabolic activity increases. 
31. Is the following sentence true or false? As you lose water, the concentration of 
dissolved materials in the blood falls.          
Complementary Hormone Action  
32. What is complementary hormone action?         
33. Is the following sentence true or false? Calcitonin increases the concentration of 
calcium in the blood.            
34. If calcium levels drop too low, the parathyroid glands release.      
35. How does PTH increase calcium levels?        
             
              
36. Why is the regulation of calcium levels so important?      
              
Human Endocrine Glands 
1. List seven major glands of the endocrine system. 
a.      e.     
b.      f.     
c.      g.     
d.     
Pituitary Gland  
2. Describe the pituitary gland and its location.        
              
3. List the two parts of the pituitary gland. 
a.        b.       
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4. In general, what is the role of pituitary gland hormones?     
             
              
Hypothalamus  
5. Is the following sentence true or false? The hypothalamus controls the secretions of the 
pituitary gland.             
6. What influences the activity of the hypothalamus?      
             7. In 
what way is the posterior pituitary an extension of the hypothalamus?    
             
             
8. Is the following sentence true or false? The hypothalamus has direct control of the 
anterior pituitary.            
Match each pituitary hormone with its action. 
Hormone Action 
9. ADH    a. Stimulates ovaries and testes 
10.FSH    b. Stimulates production of eggs and sperm 
11. LH     c. Stimulates release of hormones from adrenal cortex 
12.GH     d. Stimulates protein synthesis and growth in cells 
13. ACTH    e. Stimulates the kidneys to reabsorb water 
 
14. What are releasing hormones, and what do they do?      
             
              
Thyroid Gland  
15. Where is the thyroid gland located?        
              
16. Is the following sentence true or false? The thyroid gland regulates reproduction.   
17. List the two hormones produced by the thyroid. 
a.       b.      
18. What does thyroxine do in the body?        
              
19. Production of too much thyroxine leads to a condition called      
20. An enlargement of the thyroid gland is called a (an)      . 
21. Infants who lack enough iodine to produce normal amounts of thyroxine suffer from 
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a condition called            . 
22. How can cretinism usually be prevented?        
              
Parathyroid Glands  
23. How does parathyroid hormone regulate calcium levels in the blood?    
             
              
Adrenal Glands (page 1006) 
24. What is the general role of the adrenal glands?       
             
              
25. The outer part of the adrenal gland is called the    , and the inner part is called 
the     . 
26. Is the following sentence true or false? The release of hormones from the adrenal 
medulla is regulated by the sympathetic nervous system.      
27. Complete the table about adrenal gland hormones. 

 
Pancreas 
28. Is the following sentence true or false? The pancreas is both an endocrine gland and 
an exocrine gland.            
29. What is the role of insulin and glucagon?        
              
30. When the pancreas fails to produce or properly use insulin, a condition known as 
occurs.              
31. is an autoimmune disorder that usually develops in people before the age of 15.   
32. People with what type of diabetes produce low to normal amounts of insulin?   
              
Reproductive Glands  
33. List the two important functions served by the gonads. 
a. ___________________________________ b.       
34. The female gonads are the    , and the male gonads are the   
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See YouTube video clip and note  the main idea or extra details. 
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Chapter 14: Animal Behavior 

 Introduction to Behavior 
  The behavior of an animal is what it does, how it cares for itself, and how it reacts to other 
organisms and the environment in which it lives.  The variety and complexity of animal behavior has 
impressed naturalists for years.  Early naturalists were prone to attributing to animals the emotions of 
humans.  They often made anthropomorphic judgements and suggested that many of the behaviors 
were ‚instinctive‛ without defining that term. 

The scientific study of animal behavior really began with Margaret Morse Nice who worked with some 
sparrows that nested in her garden as subjects.  The science of ethology or animal behavior grew out 
of these early studies with an Austrian, Konrad Lorenz and Niko Tinbergen working in England being 
two early giants in the field.  Ethology, the study of animal behavior, has as its basic premise: one 
must observe arrivals under natural conditions to understand their behavior.  Psychology is the science 
of mental processes and behavior in humans.  Psychologists study behavior in the lab.  Ethologists 
stress the importance of observation or seeing what the animal does in its natural setting whereas 
psychologists stress the importance of tests and experiments with the animals under control and finally 
ethologists are more concerned with instinctive behavior; psychologists with the animals ability to learn.   
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  When faced with a new behavior or series of behaviors, the ethologist asks a number of basic 
questions.  These include: the causes of the behavior - what underlying mechanisms are responsible?  
The function and biological significance of the behavior - what use is the behavior and how does it 
benefit the animal?  How did the behavior evolve?  What was its origin?  How did a particular 
behavior develop in the individual?  Was it instinctive or learned or a combination of both?  Any 
behavior that an animal repeats in the same way is stereotyped; any behavior that is the same in all 
members of a species is species-specific.  Any behavior that is performed without prior learning is 
called innate or instinctive.  Each instinctive behavior has its own set of internal factors, hormonal and 
otherwise that, when they build to a certain level allow the behavior to take place.  Then if given an 
external stimulus the animal acts.  This buildup is called the specific action potential, meaning the power 
to perform a certain act.  The specific action potential is responsible for an animal performing one 
behavior in preference to other behaviors.  As the specific action potential builds the animal becomes 
restless and performs appetitive behavior, an introductory phase of the specific behavior pattern that   
‚sets the stage‛ for the instinctive behavior.  Predators may be roaming, following no particular path, 
when a prey animal bolts.  The actions of the predator become instinctive, it pursues and kills the prey.  
The appetitive behavior is reduced when the prey is seen and ceases with it being eaten.  Sometimes 
when the specific action potential is high and no external stimulus releases the accumulated specific 
action potential the animal may act without a stimulus, at least without any stimulus we are aware of.  
Such behaviors are termed vacuum activities.  For example a bird that hunts, catches and eats insects 
may perform all the actions of hunting, catching and swallowing even though no insect or other visible 
stimulus is present.  A behavior pattern or structure, which serves to trigger a behavior pattern, is 
called a releaser.  There seems to be a specific release for each behavior pattern.  It is almost like a 
key opening a lock.  The sounds of young can serve as releasers as can color patterns.  Sometimes a 
releaser functions but a learned response such as fear interferes with the normal behavior pattern.  If 
two aggressive birds meet at the edge of a territory each may have a releaser to attack but the 
fear of the opponent stifles the attack response and an unusual behavior called displacement activity 
occurs.  For example two herring gulls in a conflict situation instead of attacking may preen and a 
young child may chew fingernails.  Occasionally one of two aggressive herring gulls instead of attacking 
one another or fleeing instead pull up clumps of grass, a type of behavior called redirected activity. 
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Feeding Behavior 
  As a keeper many of your behavioral observations will relate to feeding activity, as you are 
present before, immediately after or during the presentation of food.  It is natural to notice that many, 
but not all, primates pick up food with their hands as a normal means of eating and that gibbons do 
not lap water like a cat.  You may also notice hoofed stock with long horns or antlers may have 
trouble reaching a feeding trough placed too close to a fence.  It is not much work to solve that 
problem by moving the trough to a more appropriate location but sometimes it does not get done.  A 
keeper should record such problems and make recommendations for their solution. 

 

Types of behaviors 

Innate behaviors 
 Automatic, developmentally fixed  
 Despite different environments, all individuals exhibit the behavior 

Learned behaviors 
 Modified by experience 
 Variable 
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ZOO ANIMAL BEHAVIOR 

  Animals’ response to the environment is considered under the general heading of behavior.  
Instinct is the name we give inherited behavior.  Learned behavior can develop new patterns or modify 
instinctive behavior.  Some of the kinds of innate behavior include: 

Innate/Inherited behavior 

KINESIS: This is a movement that lacks directional orientation and depends upon the intensity of 
the stimulation.  Essentially, the stimulus produces a change of rate of random 
movements. 

TAXES: This name is given to behavior that involves movement to or away from a stimulus.  
An example would be cockroaches fleeing from light. 
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INSTINCT: This is an inherited or innate pattern of response.  Suckling by newborn mammals is an 
instinctive behavior. 

REFLEXES: These are responses of part of the body to a stimulus that does not involve the higher 
brain centers.  The blinking of an eye or knee jerk are examples of reflexes. 

 
FIXED ACTION PATTERNS: These are complex instinctive behaviors.  An example might be the 
series of behavioral activities engaged in by birds that are not sexually dimorphic that allows mate 
selection.  It may include bowing, mutual vocalization, mutual preening and posturing.  Sometimes a 
series of dozens of behavioral acts, each stimulating a response, follow one another. 
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LEARNED BEAHVIOR INCLUDES 

IMPRINTING: This is a genetically programmed form of learning in which a newly hatched or 
newborn learns to identify with its species within a finite time by following or being exposed to stimuli 
it learns to identify.  The sensitive period for imprinting baby mallard ducks to follow a man instead of 
other ducks is 13 to 16 hours after hatching.  This is the time when the female typically leaves the 
nest and, by following, the ducklings learn they are ducks. 
 

    
HABITUATION: This is the suppression of response to a repeated harmless stimulus.  An 
example might be animals learning to ignore a train or the sound of a horn near the enclosure.  The 
stimulus results in no reward or punishment. 
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CLASSICAL CONDITIONING: Involves rewarding an animal for a particular action while at the 
same time providing a separate and distinct stimulus.  Pavlov’s work giving a dog food, which resulted 
in salivation while at the same time ringing a bell was repeated.  Then he found just ringing a bell 
would elicit salivation.   

 
EXPERIENCE/ OPERANT CONDITIONING: This is the basis for trial and error learning.  An 
example is the frog that snaps up a wasp and gets its tongue stung.  The frog learns to associate 
the color and pattern of the wasp with pain and will not again try to eat a wasp.  When a young 
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insectivorous bird leaves its nest it picks at pebbles, leaves or sticks until it finds and eats an insect.  
Once the bird has eaten the insect, a reward, it greatly reduces the frequency with which it picks at 
pebbles, sticks or other non-rewarding items. This operant conditioning is used to train dolphins. [operant 
conditioning = trial and error learning]  

 
INSIGHT OR REASONING:  This is the most sophisticated form of learning where the solution to an 
entirely different problem is used to solve a new challenge.  Chimpanzees using straws to fish termites 
from burrows would be an example.   

 
 



Biology 2 Worksheets and Instruction for EIS Students by Sipsang Sukphol 
 

155 

Learning across Phyla. 

 
Animal Communication 

Communication – an act performed by a sender that serves as a signal and produces a  
detectable change in the behavior of another individual (the receiver). 

Animals communicate in many ways…communication need not always be vocal 
 Chemical communication 
 Visual communication 
 Auditory communication 
 Tactile communication 
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Communication can be passive Communication can be actiive 
A female mandrill’s colorful buttocks signal that  
she is fertile 

A male lion’s roar can actively signal his 
presence 

  
 
Chemical communication : Pheromones 

Pheromones Effect 
 
 
 
 

Alarm pheromones 

 
Sex pheromones 

 
Trail pheromones 
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Visual Communication 
• Communication through the use of visual cues 
• Ex: Tail feather displays of male peacocks 
• A male Anolis lizard’s dewlap display can signal his quality 

          
Auditory Communication  

warning call Bird song Frog  Song 
A vervet monkey’s warning call 
conveys information  
about the type of predator 

-Mixed learned and innate 
-Most have a critical 
learning period 

Innate, genetically controlled 
Frogs croaking in the spring 

 

 
Red winged blackbird  

Tactile communication 
• Communication through the use of touch 
• A major form of primate tactile 

communication is grooming  
• Grooming and some aspects of courtship 

behavior are good examples 
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Honeybee Communication 
• Bees provide an example of communication that involves chemical, tactile, and auditory 

components. 
• Bees do a ‚waggle dance‛ to communicate location of food 
• Dance provides distance and directional cues 
• Chemical cues – regurgitation of food source provides information ‚what kind of food‛  
• Honey bees use pheromones, visual, auditory, and tactile signals to communicate information 

about the location of resources 
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Self-Test Animal Behavior 
 
T or F 1. An inherited behavior or pattern of response is called a reflex.  
T or F 2. Behavior that involves movement toward or away from a stimulus is termed taxes. 
T or F 3. The suppression of response to a repeated harmless stimulus is known as habituation. 
T or F 4. Insight or reasoning is the basis for trial and error learning.  
T or F 5. Operant conditioning involves a genetically programmed form of learning in which a newly  

hatched or newborn learns to identify with its species within a finite time by following 
or being exposed to stimuli it learns to identify.  

T or F 6. Basic written observations of zoo animal behavior can often be of benefit to zoo staff. 
T or F 7. Behavioral records should always include the time and date of the observation. 
T or F 8. Expressional behavior or body language is used in a minimal amount by zoo animals. 
T or F 9. Habitat could be considered analogous to an animal’s address, niche to its occupation. 
T or F 10. A territory is the area within the species range occupied by an animal or group of  

animals. 
T or F 11. Because animals come to feel secure within their enclosures, those that have escaped  

confinement will often try to return to their enclosure if given the opportunity. 
T or F 12. Biological rank recognizes dominance within a species. 
T or F 13. Social rank has to do with the position of dominance an animal holds in a species   

whereas social behavior modifies the way animals live together and communicate. 
T or F 14. Ethology is the study of the interrelationships of organisms and their environment. 
T or F 15. Poikilothermic vertebrates tend to have more temperature induced activity restrictions  

than do homiotherms. 
T or F 16. All primates customarily pick up food in their hands to feed. 
T or F 17. Gibbons do not lap water. 
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Behavioral Ecology and Ethology Review Questions. 
Choose The best Answer for each of the following sentences. 

1. When horses hear an unusual noise, they turn their ears toward the sound. This is an example of  
A. fixed-action pattern. B. habituation.  C. associative learning. 
D. imprinting.   E. kinesis. 

2. Why do animal behaviorists have to account for a habituation period when undertaking an 
observational study?  
A. They have to make sure that the study animals do not imprint on them. 
B. They have to wait until their presence no longer affects the behavior of the animals. 
C. The animals need a period of time to learn to associate the observer with data collection. 
D. Before insight learning can be observed, the animals must practice. 
E. The animals must remain cautious of the observer at all times. 

3. Which of the following is an example of an agonistic behavior?  
A. A subordinate chimpanzee grooms a dominant chimpanzee 
B. Two lionesses share a fresh kill 
C. A female wolf regurgitates food for her nieces and nephews 
D. A blackbird approaches and takes the feeding position of another blackbird, causing it to fly away 
E. Two fish in a stream pass each other without changing course 

4. In which of the following dyads do we expect not to see any altruistic behavior?  
A. Two sisters who are allies.   B.Two half-brothers. 
C. Two individuals migrating in opposite directions. 
D. Two group members who have frequent conflicts and reconciliations. 
E. Two adolescents who are likely to eventually transfer into the same group. 

5. Which of the following is not a requirement for reciprocal altruism to occur?  
A. Ability to recognize the other individual  B. Long lifespan 
C. Opportunity for multiple interactions  D. Good long-term memory 
E. High coefficient of relatedness 

6. A female tamarin monkey licks her wrists, rubs them together, and then rubs them against a nearby 
tree. What kind of communication is the probably an example of?  
A. Chemical  B. Visual C. Auditory  D. Territorial  E. Tactile 
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For questions 7–10, please use the following answers: 
A. Fixed-action pattern B. Habituation  C. Imprinting 
D. Associative learning  E. Operant conditioning 
7. This type of learning is the lack of responsiveness to unimportant stimuli that do not provide 
appropriate feedback. 
8. Trial-and-error learning important to animals displaying aposometric coloration. 
9. Process by which animals associate one stimulus with another. 
10. Innate behavior that is learned during a critical period in life. 

11. Sow bugs become more active in dry areas and less active in humid areas. This is an example of 
A) cognition.  B) net reflex.  C) taxis. D) kinesis. E) tropism. 

12. A guinea pig loves the lettuce kept in the refrigerator and squeals each time the refrigerator door 
opens. What term best applies to this behavior? 
A) imprinting  B) classical conditioning  C) operant conditioning 
D) habituation  E) sign stimulus 
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See YouTube video clip and note  the main idea or extra details. 

 

Share & Extend: Share with your friends and extend your knowledge    

 

Integrated knowledge   with  Thailand sufficient economics Theory 
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NOTE 

DATE Lecture note Picture/ reminder 
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My Concept  map 
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Extra Assignment/ Memo. 1 
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
              



 Selected and Edited by Sipsang Sukphol   

Department of Science, RattanakosinSompoteBorworniwetSalaya School Nakornpathom, Thailand 

166 

Extra Assignment/ Memo. 2 
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Extra Assignment/ Memo. 3 
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Extra Assignment/ Memo. 4 
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