C3.1 Integration of Body Systems
Summary
The integration of body systems is a fundamental requirement for the survival and functionality of multicellular organisms. This process ensures that component parts—ranging from cells and tissues to organs—coordinate collectively to perform complex functions and produce emergent properties, such as the ability of a predator to hunt effectively. In animals, this coordination is primarily facilitated by the nervous and endocrine systems, which utilize electrical signaling and chemical messengers to process information and transport energy and materials.
Key regulatory mechanisms include feedback loops that maintain homeostasis, such as the control of heart and ventilation rates through chemoreceptors and baroreceptors. In plants, integration is achieved through phytohormones like auxin and ethylene, which regulate growth, development, and environmental responses through concentration gradients and feedback cycles.
The study of plant responses involves both qualitative observations (using diagrams to record tropic responses) and quantitative data (measuring angles of curvature). Precision and accuracy in these measurements are essential for reliable analysis of tropism.
This study guide provides a comprehensive overview of the mechanisms through which multicellular organisms coordinate their internal components to function as a unified whole. It covers the hierarchical structure of biological systems, the roles of the nervous and endocrine systems in animal integration, and the chemical signaling pathways used by plants to regulate growth and development.
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A. The Hierarchy of System Integration

1. Discuss the hierarchy of living organisms in terms of systems and the integration of those systems. Be sure to include emergent properties and the mechanisms of integration into your discussion. 

Emergent Properties: 


Mechanisms of Integration: Animals integrate organs through:
Hormonal Signaling: 

Nervous Signaling: 

Material Transport: 

B. Nervous System Coordination and Architecture

2. Briefly explain the role of the nervous systems with regard to reception of the information, processing of that information, and coordination of a response.


3. Describe the role of the following central integration organs.
The Brain: 

The Spinal Cord: 

C. Neural Pathways and Components

4. For each of the following, explain the role they play in reception and processing of sensory information as well as generation of a response.  

Sensory Neurons: 

Motor Neurons: 

Nerves: 

Reflex Arcs: 

Motor Control and Balance:

5. Identify the region of the brain responsible for coordination of body movements and maintenance of balance.







D. Endocrine Regulation and Hormonal Control

6. The endocrine system utilizes hormones to regulate long-term processes and physiological states. For each of the following, complete the following table by identifying the hormone produced by the organ/gland and the physiological function of that hormone in the human body.
	Organ/Gland
	Hormone
	Function

	Pineal Gland
	
	


	Adrenal Glands
	
	


	Hypothalamus & Pituitary
	
	




E. Feedback Mechanisms and Autonomic Regulation
Regulation of the internal environment is maintained through sophisticated feedback loops that monitor physiological changes.
7. For the cardiovascular system, explain how heart rate is controlled. Be sure to explain the role of baroreceptors, chemoreceptors, and the response is coordinated.
Heart Rate: 

Baroreceptors: 

Chemoreceptors: 

Response: 

8. For the respiratory system, explain how ventilation rate is controlled. Explain how physiological conditions affect this system.
Ventilation Rate: 

Mechanism: 

Response:

9. Explain how the digestive system is under voluntary and involuntary control.
Voluntary Control (CNS): 

Involuntary Control (ENS): 

F. Integration in Plant Systems

10. Explain how plants receive signals from the environment. 



11. Describe auxin transport and the role it plays in growth regulation.
Transport: 

Mechanism of Elongation (as mediated by auxin): 

Phototropism: 

G. Coordination and Feedback

12. Discuss the reciprocal relationship between the root and the shoot which ensures integrated growth. 
Root and Shoot Integration: 



13. Describe the process (positive feedback) of fruit ripening and the gas produced by the fruit which stimulates ripening.
Fruit Ripening: 





Practice Quiz
Instructions: Answer the following questions in two to three sentences, using information we’ve discussed in class.
1. What is the fundamental purpose of system integration in living organisms?
2. How does the hierarchy of subsystems contribute to emergent properties in a multicellular organism?
3. What are the primary differences between the roles of the nervous system and the endocrine system in messaging?
4. Explain the role of the brain as a central information integration organ.
5. How does the spinal cord function differently from the cerebral hemispheres regarding conscious and unconscious processes?
6. Describe the structure and components of a nerve as seen in a transverse section.
7. What is the function of the pineal gland in modulating circadian rhythms?
8. How do baroreceptors and chemoreceptors contribute to the feedback control of heart rate?
9. Distinguish between the roles of the central nervous system (CNS) and the enteric nervous system (ENS) in the digestive system.
10. Describe the mechanism of positive feedback in fruit ripening.


Essay Questions
Instructions: Use the information we discussed in class to develop 3 to 5 sentence responses to the following prompts.
1. The Role of the Central Nervous System in Reflexes: Analyze the components and pathway of a pain reflex arc. Explain how sensory neurons, interneurons in the spinal cord, and motor neurons work together to produce an involuntary response in skeletal muscle.
2. Hormonal Preparation for Activity: Discuss the widespread effects of epinephrine (adrenaline) secretion by the adrenal glands. Detail how these effects facilitate intense muscle contraction and prepare the body for vigorous activity.
3. Integration of Ventilation and Heart Rate: Compare and contrast the feedback mechanisms that control ventilation rate and heart rate. Focus on the role of chemoreceptors, the brainstem/medulla, and the specific effectors involved in each process.
4. Phytohormones and Plant Growth: Explain how auxin concentration gradients are maintained by efflux carriers and how these gradients lead to positive phototropism. Include the role of hydrogen ion secretion and cell wall acidification in this process.
5. Coordinated Growth in Plants: Examine the interaction between auxin and cytokinin in integrating root and shoot growth. Detail where each phytohormone is produced, how they are transported, and why their interaction is essential for the organism's development.

