FOCUS BIOLOGY,UACE NOTES BASED ON A’ LEVEL COMPETENCY BASED SYLLABUS,2025

TOPIC 5: HOMEOSTASIS DURATION: 78 PERIODS

Competency:

Learning Outcomes
The learner should be

able to:

a) analyse the homeostatic control system, focusing on the role of negative feedback mechanisms
in maintaining internal stability.(u, s, gs)

b) examine the adaptations and management of different plant categories (xerophytes,
mesophytes, and hydrophytes) based on their osmoregulatory abilities and the application of
excretory plant products in everyday life. (u, s, gs, v/a)

Introduction;

What is Homeostasis?

Origin of the word:

From Greek:

“Homoios” meaning “similar” + “stasis” meaning “standing still or state”.

Coined by Walter Cannon in 1926, expanding on Claude Bernard’s concept of the “milieu intérieur”
(internal environment).

Homeostasis is the maintenance of a stable internal environment within narrow physiological limits
despite external or internal changes. It ensures optimal conditions for cellular and metabolic
processes essential for life.

Internal and External Environment

1. Internal Environment

The internal environment refers to the conditions within an organism’s body, especially the fluid
environment surrounding the cells (known as the extracellular fluid or tissue fluid).

Components include:

e Blood plasma (fluid part of blood).
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e Interstitial (tissue) fluid that bathes cells.
e Intracellular fluid (fluid within cells) is also considered when discussing cellular internal
environment.

Examples of internal environmental factors:

e Temperature

e pH

o Water potential

e Glucose concentration

e (CO,and O levels

e lon concentrations (e.g. Na*, K*, Ca*")

Importance:

e Maintaining the internal environment within narrow limits ensures optimal conditions for
cellular processes, enzyme activity, and general body function.

2. External Environment

The external environment is the environment outside the body of an organism. It includes all
physical, chemical, and biological factors surrounding the organism.

Examples of external environmental factors:

e Ambient (surrounding) temperature

e Humidity

e Lightintensity

e Atmospheric gases (e.g. O, and CO;, levels outside)

e Presence of pathogens or predators

e Soil or water conditions (for plants and aquatic organisms)

Importance:

Changes in the external environment can affect the internal environment, hence organisms use
homeostasis to keep their internal conditions stable despite external fluctuations.

Summary
v Internal environment: Conditions within the organism'’s body, especially fluids around cells.

v External environment: Conditions outside the organism, in its surroundings.
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Components of an Efficient Homeostatic System

An effective homeostatic system consists of five key components:

Control @ Qutput : information
sent along efferen
Centre pathway to

(3) Input : information
sent along different
pathway to

Receptor Effector
\mbalancrnla
_ too mucl
(2) Change detected { ) (5) Response of effector
by receptor feeds back to influence
T magnitude of stimulus
< and returns variable
> 5 to homeostasis
Variable (Homeostasis)
(1) Stimulus: 3 l
= Produces change
in variable Imbalance

(too little)

Homeostasis is a property of a human biological system where the self-regulating
process tends to maintain the balance for the survival. The regulation takes place
in a defined internal environment

1. Stimulus (Change):

Any internal or external change affecting the internal environment.

Example: Increase in body temperature due to exercise.

2. Receptor (Sensor):

Detects the stimulus (change) and converts it into electrical or chemical signals.

Example: Thermoreceptors in skin detect temperature changes; chemoreceptors detect CO,
concentration.

3. Control Centre (Coordinator):

Receives information from receptors, analyses it, and determines the appropriate response.
Example: Hypothalamus (temperature regulation), pancreas (blood glucose regulation).

4, Effector:

Carries out corrective actions to restore normal conditions or amplify the change.

Example: Sweat glands secrete sweat; liver converts glucose to glycogen.

5. Feedback Mechanism:

System that modifies the original stimulus based on the effector’s response.

Includes negative feedback (stabilising) and positive feedback (amplifying).
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Types of Feedback Mechanisms

a) Negative Feedback Mechanism

A mechanism where any deviation from the set point triggers responses that counteract (oppose)
the change, returning conditions to normal.

Example — Blood Glucose Regulation:

Stimulus: Blood glucose rises after a meal.

Receptor: Pancreatic beta cells detect rise.

Control Centre: Beta cells release insulin.

Effector:

Liver converts glucose to glycogen (glycogenesis).

Body cells increase glucose uptake.

Response: Blood glucose returns to normal.

Feedback: Insulin secretion decreases once glucose normalises.
b) Positive Feedback Mechanism

A mechanism where a change in the internal environment triggers responses that amplify or
increase the change, moving the system further from the set point.

Example — Childbirth (Parturition):

Stimulus: Baby’s head presses against cervix.

Receptor: Stretch receptors detect pressure.

Control Centre: Hypothalamus signals posterior pituitary to release oxytocin.
Effector: Oxytocin causes stronger uterine contractions.

Response: Increased pressure leads to more oxytocin release.

Feedback: Contractions intensify until birth is completed.
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Examples of Internal Factors That Must Be Kept Constant

To maintain optimal physiological functioning, homeostasis regulates:

Internal factor

Normal range

Significance

Core body temperature ~37°C Ensures optimal enzyme
activity and metabolic rates.
Blood Ph ~7.35-7.45 Maintains protein structure

and enzyme function.

Blood glucose concentration

~70 - 110 mg/dL

Provides constant energy
supply to cells, especially the
brain.

Water potential (osmotic
balance)

Maintained at isotonic level

Prevents cell swelling (lysis)
or shrinkage (crenation).

Carbon dioxide concentration

Low levels in blood

Prevents blood acidification
(formation of carbonic acid).

Electrolyte (ion)
concentrations

Specific to each ion (e.g. Na™,
K*, Ca?*)

Important for nerve impulse
transmission, muscle
contraction, and osmotic
balance.

Blood pressure

~120/80 mmHg (normal adult)

Ensures efficient transport of
nutrients and gases.

a) Significance of Negative Feedback:

v" Maintains internal stability by correcting deviations from the set point.
v" Prevents harmful fluctuations in vital physiological parameters.

v" Ensures enzyme activity remains optimal for metabolism.
v" Maintains osmotic balance, protecting cells from damage.

v" Promotes health and survival by enabling adaptation to external environmental changes.

b) Significance of Positive Feedback:

v" Important in rapid self-amplifying processes that require quick completion (e.g. childbirth,

blood clotting).

v" Enhances physiological responses to achieve specific outcomes efficiently.

Page 5 of 34

BY WAKWAALE ROGERS//+ 256775543499




FOCUS BIOLOGY,UACE NOTES BASED ON A’ LEVEL COMPETENCY BASED SYLLABUS,2025

c) Significance of Maintaining a Stable Internal Environment:

Provides optimal conditions for metabolic and enzymatic reactions.

Prevents denaturation or inhibition of enzymes due to extreme conditions.

Maintains fluid balance in and around cells.

Supports physiological functions such as nerve impulses, muscle contractions, and
hormonal actions.

Allows organisms to remain independent of external environmental fluctuations, promoting
survival, adaptability, and homeostatic regulation.

AN NN

<

TEMPERATURE REGULATION IN ENDOTHERMS (THERMOREGULATION)

Endotherms, also called warm-blooded animals (such as mammals and birds), maintain a constant
internal body temperature regardless of external environmental fluctuations. This regulation is
achieved through internal heat production via metabolic processes like cellular respiration, a
process known as thermoregulation.

lllustration

andiherm

body
temperature
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temperature

Significance of Thermorequlation

Maintaining a stable core body temperature (~37°C in humans) is vital because enzymes require
specific temperatures to function optimally. If the temperature rises too high, enzymes can undergo
denaturation, losing their structure and function.

Conversely, low temperatures slow enzyme activity and metabolism. Therefore, thermoregulation
is essential for homeostasis, survival, and efficient physiological functioning.
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Role of the Hypothalamus in Thermoregulation

The hypothalamus is the control centre for temperature regulation and has two key parts:
The anterior hypothalamus (heat loss centre) activates when the body overheats, initiating;

e Vasodilation (widening of blood vessels) to increase heat loss,

e Sweating to cool the body through evaporation,

o Pilo-relaxation (hairs lie flat to reduce insulation), and

e Decreases thyroxine secretion to reduce metabolic heat production.

The posterior hypothalamus (heat gain centre) responds to cold by

e Triggering vasoconstriction (narrowing blood vessels to conserve heat),
e Piloerection (hairs stand up to trap insulating air),

e Shivering (rapid muscle contractions producing heat), and

¢ Increasing thyroxine secretion to boost metabolic heat generation.

ROLE OF THE SKIN IN THERMOREGULATION

When body temperature rises (too hot):

e Sweat glands in the skin produce sweat.

o Sweat evaporates from the skin surface, removing heat and cooling the body.

e Blood vessels (arterioles) in the skin dilate (vasodilation), increasing blood flow to the skin
surface, allowing more heat to be lost by radiation.

When body temperature falls (too cold):

e Blood vessels constrict (vasoconstriction), reducing blood flow to the skin surface,
minimizing heat loss.

e Hairs stand up (piloerection) due to contraction of erector pili muscles, trapping an
insulating layer of air to reduce heat loss.

e No sweating occurs, conserving heat.
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EFFECTS OF VARYING INTERNAL TEMPERATURE IN ENDOTHERMS

A. Consider what happens to a naked man if the environmental temperature is gradually
lowered from pleasant 29°¢ freezing point;

At 29°C (pleasant temperature): The environment is comfortable for a naked human; Physical
mechanisms alone (like vasoconstriction or vasodilation) maintain core temperature; Metabolic rate
remains constant at basal level (no extra heat production needed);

As temperature is lowered gradually towards 27°C: Physical mechanisms continue to regulate
body temperature effectively. Metabolic rate still remains basal because these mechanisms are
sufficient within this range.

Further lowering of temperature below 27°C (Low critical temperature) makes physical
mechanisms alone become inadequate at generating heat.

Metabolic rate starts to rise as chemical (metabolic) heat production begins to maintain body
temperature.

The body initiates shivering thermogenesis and increases metabolic activity to generate more heat
internally.

Further lowering of environmental temperature below low critical temperature makes body
temperature to decrease towards freezing and metabolic rate continues to rise steeply. The body
intensifies shivering and increases cellular metabolism further to produce sufficient heat.

Further lowering of environmental temperature lowers body temperature towards lower lethal
temperature,

Further decrease in environmental temperature makes body temperature to approach freezing
point (below lower lethal temperature).
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The metabolic rate reaches maximum capacity, but even this is not enough to maintain core
temperature.

Heat loss exceeds heat production, leading to:

e Rapid drop in body temperature (hypothermia)
e Loss of consciousness
e Death

Temperature Regulation as Environmental Temperature Increases
NOTE:

1. Low critical temperature is the lowest temperature where physical mechanisms alone can
maintain normal body temperature

2. Lower lethal temperature is the lowest environmental temperature where life can be
sustained.

B. ALSO CONSIDER THE RESULT OF INCREASING ENVIRONMENT TEMPERATURE;
Step 1. As temperature is raised from 29°C towards high critical temperature

At 29°C (pleasant temperature):

The environment is comfortable for a naked human.

Physical mechanisms alone regulate body temperature, such as: Vasodilation (widening skin blood
vessels to lose heat) and Sweating (if needed)

Metabolic rate remains constant at basal level because these mechanisms are sufficient.
Step 2. As temperature is raised towards the high critical temperature

High critical temperature is the highest environmental temperature at which physical mechanisms
alone can maintain a constant core body temperature without raising metabolic rate.

Physical cooling mechanisms work maximally: Increased sweating and Maximum vasodilation
Metabolic rate remains basal up to this temperature.

Step 3. As temperature is raised above high critical temperature

Physical cooling mechanisms become insufficient to maintain core temperature.

Body response:

Metabolic rate starts to increase (although this contributes to more heat production, it is a
physiological reaction).
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Temperature regulation starts to fail, and the body's core temperature begins to rise.
Step 4. As temperature continues to rise further

Metabolic rate continues increasing steeply, following the temperature rule (Q10 effect):
Metabolic reactions double for every 10°C rise in temperature.

Body temperature rises uncontrollably due to:

+ Ineffective cooling mechanisms (sweating no longer sufficient).
+ Increased internal heat production from rising metabolism.

Step 5. Approaching Upper Lethal Temperature

Upper Lethal Temperature is the environmental temperature at which body temperature reaches
about 42°C, beyond which death occurs.

As temperature is raised towards upper lethal temperature:
The body experiences heat exhaustion, with:

Muscle cramps

Dizziness and weakness

If temperature continues to rise:

Positive feedback loop occurs:

Increased metabolism — more heat produced — metabolism increases further — cycle
continues.

0O O O O O

Eventually:

o Heat stroke occurs
o Enzymes denature
o Death results when core body temperature exceeds ~42°C.
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EFFECTS OF INCREASED INTERNAL TEMPERATURE (HYPERTHERMIA)

Hyperthermia occurs when heat production exceeds heat loss, causing body temperature to rise
above normal.

A. Physiological Effects:

Enzyme Denaturation:

Temperatures above ~42°C denature proteins, leading to loss of enzyme function, impaired
metabolism, and potential cell death.

Increased Metabolic Rate:

Elevated temperature accelerates biochemical reactions, increasing oxygen consumption and
production of CO,.

Dehydration and Electrolyte Imbalance:

Excessive sweating — loss of water and salts (Na+, Cl-, K+) — hypovolemia and electrolyte
disturbances.

Neurological Effects:
CNS dysfunction — dizziness, confusion, seizures, or coma due to neuronal damage.
Cardiovascular Strain:

Vasodilation reduces venous return — decreased cardiac output and hypotension.

Can lead to heat stroke, characterised by temperature >40°C, no sweating, hot dry skin, and
potential multi-organ failure.

Cellular Damage:

Heat destabilises cellular membranes, denatures proteins, and disrupts mitochondria, leading to
cell death (necrosis).

B. Behavioural and Ecological Effects:

Seeking shade or water bodies.
Reduced activity to minimise metabolic heat production.

In extreme climates, populations may shift habitats or migration patterns.
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EFFECTS OF DECREASED INTERNAL TEMPERATURE (HYPOTHERMIA)

Hypothermia occurs when heat loss exceeds heat production, causing body temperature to fall
below normal (<35°C in humans).

B. Physiological Effects:
Reduced Enzyme Activity and Metabolism:

Metabolic rate falls by ~50% for every 10°C drop, leading to hypometabolism, reduced ATP
production, and impaired cellular functions.

Neurological Effects:

Slowed nerve impulse transmission, drowsiness, confusion, loss of coordination, and eventually
unconsciousness as temperature falls below 30°C.

Cardiac Effects:

Bradycardia (slow heart rate), arrhythmias (especially ventricular fibrillation below 28°C), and risk
of cardiac arrest.

Respiratory Depression:

Hypothermia depresses respiratory centres — slow, shallow breathing — hypoventilation and
respiratory acidosis.

Blood Viscosity Increase:

Cold increases blood viscosity — reduced perfusion and oxygen delivery to tissues.

Renal Effects (Cold Diuresis):

Initial peripheral vasoconstriction increases central blood volume — kidneys produce more urine,
worsening dehydration.

Frostbite:
Prolonged exposure causes ice crystal formation in extracellular fluids — tissue necrosis.
C. Behavioural and Ecological Effects:

+ Huddling for warmth (penguins, rodents).
+ Entering torpor or hibernation to reduce metabolic demands during cold seasons.
+ Seasonal migration to warmer areas (birds).
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ADAPTATIONS TO HOT AND COLD CONDITIONS

1. Temporary Adaptations to cold conditions

a. Physiological Adaptations

These are short-term or reversible responses:

Vasoconstriction

Narrowing of blood vessels near the skin surface to reduce heat loss.
Shivering

Rapid muscle contractions generating heat via increased metabolic activity.
Increased Metabolic Rate

Hormonal responses (e.g. increased thyroxine or adrenaline secretion) raise metabolism to
produce more heat.

Piloerection (Goosebumps)
Hair stands up, trapping a layer of insulating air (more effective in furry mammals).

b. Behavioural Adjustments

Seeking shelter, curling up to reduce surface area exposed, or huddling in groups.

2.Permanent Adaptations (Structural Adaptations)

These are long-term evolutionary adaptations:

Thick Fur or Feathers

Provides insulation by trapping air close to the body (e.g. polar bears, penguins).

Increased Subcutaneous Fat (Blubber)

Acts as insulation and an energy reserve (e.g. seals, whales).

Reduced Surface Area to Volume Ratio

Compact body shapes (short limbs, rounded bodies) minimise heat loss (Bergmann’s Rule).
Example: Arctic fox vs. desert fox.

Counter-Current Heat Exchange Systems

Blood vessels arranged to warm cold blood returning from extremities, reducing heat loss.
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Description;

A counter-current heat exchange system is a physiological mechanism where warm blood flowing
from the body core transfers heat to colder blood returning from extremities via adjacent blood
vessels.

2 How it Operates:

1. Anatomical Arrangement:

Arteries carrying warm blood from the core run alongside veins carrying cold blood from the
extremities.

2. Heat Transfer:

Heat moves from the warm arterial blood to the colder venous blood by conduction.
3. Effect:
Warm venous blood returns to the core, reducing heat loss to the environment.

Arterial blood is cooled before reaching extremities, minimizing temperature difference between
body and environment, hence reducing heat loss.

2 Examples in Animals:

Birds’ legs (e.g. penguins) — prevents heat loss while standing on ice.
Flippers of seals — conserve body heat in cold water.
Fish gills (similar principle for efficient gas exchange, though here it's for oxygen uptake not heat).

Key Importance:
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Maintains core body temperature efficiently without expending extra metabolic energy to reheat
returning blood.

Small Extremities

Short ears, tails, and limbs to reduce heat loss.

Example: Arctic hare has shorter ears compared to desert jackrabbits.

Dark Colouration (Some Species)

Absorbs more heat from sunlight (though many cold-adapted animals are white for camouflage).

3. Temporary Adaptations to Hot conditions

a. Physiological Adaptations)

These are short-term, reversible responses:

Vasodilation

Widening of blood vessels near skin surface to increase heat loss via radiation.
Sweating or Panting

Evaporation of sweat or moisture from respiratory surfaces removes heat.
Decreased Metabolic Rate

Reduces internal heat production.

b. Behavioural Adjustments

Seeking shade, bathing in water, licking body surfaces (e.g. kangaroos licking forearms), spreading
out to increase heat loss.

Increased Water Intake
To replace water lost through sweating or panting and maintain hydration.

4. Permanent Adaptations to Hot Conditions

a. (Structural Adaptations)

These are long-term evolutionary adaptations:
Thin or Sparse Fur/Feathers

Allows easier heat loss (e.g. desert animals have thin coats).
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Large Surface Area to Volume Ratio

Long limbs and ears increase heat loss (Allen’s Rule).

Example: Desert jackrabbit with long ears.

Light Body Colouration

Reflects sunlight, reducing heat absorption (e.g. fennec fox, desert lizards).
Concentrated Urine & Dry Faeces

Adapted kidneys minimise water loss (e.g. camels, desert rodents).
Nocturnal Behaviour (Behavioural-Structural Link)

Being active at night avoids daytime heat.

Ability to Tolerate High Body Temperatures

Some animals (e.g. camels) allow body temperature to rise during the day to reduce water loss
from sweating.

Long Nasal Passages

Enhance cooling of air before it reaches lungs and reduce water loss.

Dry Faeces: Minor water loss unless diarrhoea occurs
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REGULATION OF WATER IN THE BODY

Water regulation (osmoregulation) is the maintenance of a constant and optimal water balance
within the body to:

e Ensure normal cellular function.
e Maintain blood volume and pressure.
o Keep electrolyte concentration within physiological range.

Key Components Involved

A. Hypothalamus

Contains osmoreceptors that detect changes in blood osmolarity (concentration of solutes, mainly
Na+ and other ions).

B. Pituitary Gland

Posterior pituitary releases Antidiuretic Hormone (ADH or vasopressin) in response to
hypothalamic signals.

C. Kidneys

Adjust amount of water reabsorbed or excreted to maintain balance.
D. Behavioural Systems

Thirst centre in hypothalamus triggers drinking behaviour.

WATER INTAKE

Sources:

1. Drinking water and beverages — main intake route.

2. Water in food - fruits, vegetables, cooked food.

3. Metabolic water — produced during cellular respiration (approx. 300 ml/day).
WATER LOSS

Routes and approximate daily loss:

1. Urine: ~1500 ml (regulated by kidneys).

2. Sweat: ~500 ml (varies with temperature and activity).

3. Breath (water vapour): ~300 ml.

4. Faeces: ~200 ml.
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Total average: ~2500 ml/day, balanced by intake.

Importance of Water in the Body

A solvent for biochemical reactions

Major component of blood plasma and cytoplasm

Involved in thermoregulation (sweating, transpiration in plants)
Lubrication (e.g. synovial fluid, mucus)

Medium for transport of nutrients, gases, and waste

Maintains cell turgor and shape

MECHANISM OF WATER REGULATION
A. During Dehydration (Low Water Level / High Osmolarity)

1. Stimulus:

Water loss (sweating, diarrhoea, insufficient intake) — blood osmolarity increases.
2. Reception:

Osmoreceptors in hypothalamus detect increased osmolarity.

3. Coordination (Hypothalamic Response):

Signals the posterior pituitary to release more ADH (antidiuretic hormone).
Activates thirst centre, creating the urge to drink water.

4. Effector Response (Kidneys):

ADH travels in blood to kidneys.

Increases permeability of distal convoluted tubules (DCT) and collecting ducts to water by inserting
aquaporin channels.

More water is reabsorbed into blood by osmosis in the hyperosmotic medulla.
5. Outcome:
Concentrated urine produced, low volume.

Blood water content increases, osmolarity returns to normal.
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Negative feedback inhibits further ADH secretion.
B. During Overhydration (High Water Level / Low Osmolarity)

1. Stimulus:

Excess water intake dilutes blood — osmolarity decreases.

2. Reception:

Osmoreceptors detect decreased osmolarity.

3. Coordination:

Inhibition of ADH secretion by posterior pituitary.

4, Effector Response (Kidneys):

Reduced ADH — decreased permeability of DCT and collecting ducts.
Less water reabsorbed — more water remains in filtrate.

5. Outcome:

Large volume of dilute urine produced; excess water removed.
Blood osmolarity returns to normal.

Negative feedback maintains homeostasis.

6. Detailed Role of ADH

Produced in hypothalamus, stored & released by posterior pituitary.
Binds to receptors on collecting duct cells in kidney nephrons.

Activates cyclic AMP (cAMP) pathway, leading to insertion of aquaporin-2 channels into
membranes, increasing water reabsorption.
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Disorders Related to Water Regulation

Condition Cause Effect
Diabetes insipidus Lack of ADH production or Excessive production of dilute
kidney response urine, dehydration risk.
Hyponatremia (Water Excessive water intake Cellular swelling, headache,
intoxication) diluting blood sodium seizures, can be fatal if brain
swells.
Dehydration Excessive loss or inadequate
intake Low BP, dry mucous
membranes, dizziness,
fainting, impaired cellular
function.

WATER STRESS

Water stress is a condition where water availability is insufficient to meet the needs of an organism
or ecosystem.

+ It occurs when water demand exceeds supply or when water is of poor quality for use.

+ For animals, water stress can lead to dehydration, physiological strain, migration, or even
death if prolonged.

ANIMAL ADAPTATIONS TO DIFFERENT WATER AVAILABILITY

Animals develop behavioral, physiological, and structural adaptations to survive in environments
with varying water availability.

1. ADAPTATIONS IN ARID (WATER-SCARCE) ENVIRONMENTS

Examples of environments:
e Deserts, semi-arid areas
Examples of animals:
e Camels, kangaroo rats, desert foxes, reptiles

A) BEHAVIORAL ADAPTATIONS

+ Nocturnal activity:
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Active during the night when temperatures are cooler to reduce water loss via evaporation (e.g.
desert rodents like kangaroo rats, desert foxes).

+ Burrowing:

Living in burrows or shaded areas during the day to avoid heat and reduce respiratory water loss
(e.g. gerbils, lizards).

+ Minimal movement:

Staying inactive during the hottest times of the day to conserve energy and water.
B) PHYSIOLOGICAL ADAPTATIONS

+ Highly concentrated urine:

Kidneys reabsorb maximum water, producing small volumes of highly concentrated urine (e.g.
kangaroo rats produce urine up to 5 times as concentrated as human urine).

Camels can conserve large amounts of water through their kidneys.

+ Dry faeces:

Maximum water is reabsorbed from faeces before elimination to minimize loss.

+ Metabolic water production:

Obtaining water internally from oxidation of food substances (e.g. carbohydrates and fats).
Kangaroo rats obtain almost all their water metabolically and may never drink liquid water.
+ Tolerance to dehydration:

Camels can lose up to 25% of their body water without suffering harm, unlike most animals which
die if they lose 12-15% of body water.

v Efficient temperature regulation:

Camels allow their body temperature to fluctuate from 34°C at night to 41°C during the day, which
reduces the need for sweating, conserving water.

C) STRUCTURAL ADAPTATIONS
+ Specialized kidneys:

Long loops of Henle in nephrons to reabsorb more water efficiently (e.g. desert rodents, foxes,
camels).

+ Body coverings:

Page 21 of 31 BY WAKWAALE ROGERS//+256775513499



FOCUS BIOLOGY,UACE NOTES BASED ON A’ LEVEL COMPETENCY BASED SYLLABUS,2025

Thick, scaly, or waxy skin to minimize cutaneous water loss (e.g. reptiles have keratinized scales).
+ Nasal adaptations:

Camels have large nasal passages lined with mucous membranes that trap moisture from exhaled
air, reducing respiratory water loss.

2. ADAPTATIONS IN WATER-ABUNDANT (AQUATIC OR HUMID) ENVIRONMENTS

Examples of environments: Lakes, rivers, humid tropical regions
Examples of animals: Freshwater fish, amphibians, aquatic mammals
a) Behavioral Adaptations

 Frequent drinking and urination:

Animals like freshwater fish drink little or no water but produce large volumes of dilute urine to
expel excess water absorbed osmotically.

b) Physiological Adaptations
« Dilute urine production:

Freshwater fish are hypertonic to their environment, so water enters their bodies by osmosis. They
produce large volumes of very dilute urine to maintain osmotic balance.

v Active uptake of salts:

Special cells in gills actively absorb necessary salts from surrounding water to maintain electrolyte
balance.

c) Structural Adaptations

+ Gills in aquatic animals:

For efficient osmoregulation, excretion of ammonia, and gas exchange.
+ Moist skin in amphibians:

Allows cutaneous respiration and direct absorption of water from the environment to prevent
dehydration.
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EXCRETION IN PLANTS

Excretion in plants is the process by which plants remove waste products of metabolism from their
cells and tissues.

Unlike animals, plants do not have specialized excretory organs; they eliminate wastes in less
complex ways because:

e They produce fewer toxic wastes.
e Many wastes are stored harmlessly or converted into non-toxic forms.

MAJOR EXCRETORY PRODUCTS IN PLANTS
1. Carbon dioxide (CO,)

Produced during respiration.

Released through stomata (in leaves) and lenticels (in stems).
2. Water (H;0)

Produced during respiration as a by-product.

Removed by transpiration (loss of water vapour via stomata) and guttation (loss of liquid water
through hydathodes at leaf margins).

3. Oxygen (0,)

Produced during photosynthesis as a by-product.
Released through stomata into the atmosphere.
4. Tannins

5. Resins

6. Latex

7. Gums

8. Alkaloids

9. Essential oils

10. Calcium oxalate crystals
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HARNESSING DIFFERENT PLANT EXCRETORY PRODUCTS

Harnessing excretory products from plants refers to the collection, extraction, processing, and
utilisation of substances produced by plants as waste or metabolic by-products, for economic,
medicinal, or industrial uses.

Major Plant Excretory Products Harnessed

Excretory Product Source Plant(s) Nature Uses/Applications
Gums Acacia spp. (e.g. gum Polysaccharide Used as stabilisers in
arabic), Sterculia exudates from bark | food,
injuries pharmaceuticals,
cosmetics, adhesives,
and textile printing.
Resins Pine trees (Pinus Complex mixture of | Making varnishes,
spp.), Boswellia terpenoids and perfumes, incense,
(frankincense), volatile oils medicines (anti-
Commiphora (myrrh) inflammatory).
Latex Rubber tree (Hevea | Milky fluid containing | -Natural rubber
brasiliensis), opium rubber, alkaloids, or | production, drugs
poppy (Papaver cardiac glycosides | (e.g. morphine from
somniferum), opium poppy),
Calotropis traditional medicine,
waterproofing.
Essential Oils Volatile aromatic oils | -Perfumes, flavouring
Eucalyptus, agents, insect
Lemon grass, repellents, antiseptics,
Lavender, Clove, aromatherapy.
Peppermint
Tannins Acacia, Oak, Tea Polyphenolic -Leather tanning, ink
plants compounds making, dyeing
fabrics, as astringents
in medicine.
Alkaloids Tobacco (nicotine), Nitrogenous organic | -Medicines (pain

Coffee (caffeine),
Cinchona (quinine),
Belladonna (atropine)

compounds

relief, malaria
treatment, cardiac
stimulation),
pesticides (nicotine).
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Crystals (calcium
oxalate, silica)

Colocasia,
Dieffenbachia

Waste crystals

-Used indirectly in
research to study
toxicity; silica from
grasses used as
abrasives industrially.

Anthocyanins / Various flowering Pigment wastes Natural dyes for food
Flavonoids plants and fabrics,
antioxidants in
nutraceuticals.
Anthocyanins Found in flowers, They are water- -As natural food

fruits, and leaves of
plants such as berries
(blueberries,
blackberries), grapes,
red cabbage, and
purple maize.

soluble pigments
belonging to flavonoid
compounds.
Responsible for red,
purple, and blue
colours in plant
tissues.

Their colour varies
with pH: red (acidic),
purple (neutral), blue
(alkaline).

colourants in juices,
yoghurts, and sweets.
-Antioxidants
protecting body cells
from damage.

-Used as pH
indicators in simple
chemistry tests (e.g.
red cabbage extract).

Oils Plants: sunflower, Mostly lipids, made up | -Cooking and frying
groundnuts, coconut, | of glycerol and fatty foods.
palm, olives. acids. -As moisturisers and
Animals: fish il (cod | Can be saturated hair oils in cosmetics.
liver), lard, butterfat. | (animal oils) or -For lighting
unsaturated (plant (kerosene lamps
oils). historically).
-Used as lubricants in
machines.
-As biofuel sources
(e.g. biodiesel from
vegetable oil).
Quinine Extracted from the An alkaloid compound | -Treatment of malaria,

bark of Cinchona tree
(native to South
America).

with a bitter taste.
Crystalline substance
with medicinal
properties.

especially resistant
strains (though newer
drugs are preferred
today).

-As a flavouring agent
giving tonic water its
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characteristic bitter
taste.

-Historically used to
reduce fever.

Saponins Found in beans, peas, | Glycosides with soap- | -Used as natural
soybeans, spinach, like foaming detergents or soaps in
quinoa, yam, and properties when some communities.

some herbs like

shaken in water.

-Medicinally: have

ginseng. They consist of a immune-boosting,
sugar part linked toa | anti-inflammatory, and
non-sugar part cholesterol-lowering
(sapogenin). properties.
-Used as emulsifying
agents in foods and
cosmetics.
-In agriculture, as
natural pesticides
against some pests.
METHODS OF HARNESSING

a) Tapping

For latex (rubber tree): making incisions in the bark and collecting latex sap.
For resins and gums: injuries or deliberate cuts to allow exudation.

b) Steam distillation

Used to extract essential oils (e.g. eucalyptus oil).

¢) Solvent extraction

For alkaloids, tannins, and some resins.

d) Collection of fallen exudates

Gums harden and fall off; collected manually.

Importance of Harnessing Plant Excretory Products

v Economic value: Generates income through trade in rubber, gums, resins, oils, and medicinal
compounds.
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v Medicinal applications: Many plant excretory products have therapeutic effects (e.g. morphine,
quinine, atropine).

v Industrial uses: Varnishes, adhesives, inks, dyes, and tanning agents are derived from these
products.

v Environmental benefits: Sustainable harvesting can promote forest conservation by valuing
standing plants rather than cutting them down.

Limitations and Considerations

e Overexploitation may damage plant health or reduce populations (e.g. over-tapping rubber
trees weakens them).

e Sustainable harvesting techniques are essential to ensure long-term availability.

e Some excretory products are toxic and require careful handling (e.g. alkaloids like nicotine,
atropine).

OSMOREGULATION IN PLANTS

Osmoregulation in plants refers to the control and maintenance of water and solute (mainly ions
and sugars) balance within plant cells and tissues to ensure proper physiological functioning
despite changes in environmental water availability.

MECHANISMS OF OSMOREGULATION IN PLANTS

Osmoregulation is the maintenance of water and solute balance within plant cells and tissues,
allowing plants to function properly despite variations in external water availability or salinity.

1. Control of stomatal opening and closing

When guard cells absorb water and become turgid, stomata open.
When they lose water and become flaccid, stomata close.

Role in osmoregulation:

Closing stomata reduces transpiration and prevents excessive water loss during dry or hot
conditions.

2. Accumulation of osmolytes (osmotic adjustment)

Osmolytes are organic or inorganic solutes accumulated to lower cell water potential, helping cells
absorb and retain water.

Examples:

¢ Organic solutes: proline, glycine betaine, mannitol, sorbitol, sugars (glucose, sucrose).
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e Inorganic ions: K*, Na*, CI~ (carefully regulated to avoid toxicity).
Function:

e Maintain cell turgor during drought or salt stress.
e Protect cellular structures by stabilising proteins and membranes (osmoprotectants).

3. Selective absorption and exclusion by roots

Roots selectively absorb water and essential minerals while excluding excessive salts that would
disturb osmotic balance.

In saline conditions, some plants (halophytes) actively exclude toxic ions like Na* and Cl™ at root
level or compartmentalise them in vacuoles to maintain cytoplasmic osmotic balance.

4. Modification of root system structure

Plants modify root growth patterns to maximise water uptake:

Deeper roots to access groundwater (e.g. mesquite trees).

Widespread shallow roots to absorb surface moisture quickly (e.g. many desert succulents).
5. Structural adaptations to reduce water loss

e Thick waxy cuticle: reduces evaporation from leaf surface.

o Reduced leaf surface area: via smaller leaves or spines, as in cacti, minimising
transpiration.

e Sunken stomata or hairy leaves: trap moist air near stomata, reducing water loss.

e Leaf rolling or folding: reduces exposed surface area.

6. Succulence (water storage)

Succulent plants (e.g. aloe, cactus) store water in large vacuoles in leaves, stems, or roots
maintains internal water potential even under drought, supporting metabolism and turgor.

7. Hormonal regulation (Abscisic Acid - ABA)

Under water stress, ABA levels rise, signalling guard cells to close stomata.

ABA also influences gene expression for production of osmolytes and stress-protective proteins.
8. Adjusting cell membrane permeability

Plants regulate membrane transport proteins (aquaporins, ion channels, and pumps) to control:

o Water uptake via aquaporins.
e |on balance via selective ion channels and pumps (e.g. Na*/H* antiporters in halophytes).
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Ensures controlled movement of water and solutes for osmotic balance

9. Compartmentalisation within cells

Vacuoles store excess ions or osmolytes, keeping cytoplasmic conditions optimal for enzyme

activity.

Prevents toxic effects of high ionic concentrations while contributing to osmotic potential.

10. Production of protective proteins

Heat-shock proteins (HSPs) and Late Embryogenesis Abundant (LEA) proteins stabilise cellular
structures during dehydration stress, maintaining function during osmotic imbalance.

Importance of Osmoregulation in plants

e Maintains cell turgidity for growth and support.

e Regulates water uptake and loss via roots, leaves, stomata, and cuticle.

e Adjusts osmotic potential by accumulating or reducing solutes (osmolytes like proline,
sugars) to retain or release water.

CLASSIFICATION OF PLANTS ACCORDING TO WATER REQUIREMENTS

Plants are broadly classified based on their water needs and the habitats they thrive in:

Group Meaning Examples of such plants

Hydrophytes Plants that grow in abundant | Water lilies (Nymphaea),
water or aquatic environments | Lotus (Nelumbo), Hydrilla
(fully submerged, floating, or
partially submerged).

Mesophytes Plants that grow in areas with | Maize, Beans, Sunflower,
moderate water availability Mango
(not too dry, not waterlogged).

Xerophytes Plants that grow in dry or Cacti (Opuntia), Aloe vera,
desert areas with scarce Acacia trees
water.
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ADAPTATIONS OF DIFFERENT TYPES OF PLANTS ACCORDING TO VARYING WATER
AVAILABILITY AND THEIR OSMOREGULATORY ABILITIES

A. Hydrophytes (Aquatic Plants)

Habitat: Freshwater ponds, lakes, rivers.
Adaptations:

e Reduced or absent cuticle (no need to conserve water).

e Stomata may be absent or present only on upper leaf surfaces (floating leaves) and always
open.

e Large air spaces (aerenchyma) for buoyancy and gaseous exchange.
e Poorly developed mechanical tissues (water supports the plant).
e Reduced root system (water is absorbed directly through leaves/stems).

Osmoregulation:

They do not face water stress but regulate ions to maintain osmotic balance with surrounding water
to prevent excessive intake or loss.

B. Mesophytes (Moderate Water Plants)
Habitat: Well-watered soils, normal garden and agricultural land.
Adaptations:

o Well-developed root system for water absorption.

o Stomata open during the day for photosynthesis but close during high water stress to
reduce transpiration.

e Moderate cuticle thickness to reduce water loss but allow gas exchange.
e Leaves broad for maximum photosynthesis.

Osmoregulation:

They maintain water balance by adjusting stomatal opening and closing and absorbing sufficient
water via roots to replace transpired water.

C. Xerophytes (Dry Area Plants)
Habitat: Deserts, semi-arid regions.
Adaptations: Structural (Morphological) Adaptations:

e Thick waxy cuticle to reduce evaporation.
e Sunken stomata to reduce transpiration.
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e Reduced number of stomata or stomata opening at night (CAM photosynthesis).

o Small, needle-like, spiny, or rolled leaves to reduce surface area (e.g. pine, cactus spines).

e Succulent tissues for water storage (e.g. cactus, aloe).

e Extensive root systems — deep tap roots or wide shallow roots to maximize water
absorption.

Adaptations: Physiological (Osmoregulatory) Adaptations:

e Accumulation of osmolytes (salts, sugars, amino acids like proline) to lower osmotic
potential, enabling water retention within cells.

e Crassulacean Acid Metabolism (CAM): Open stomata at night to minimize water loss and
store CO,, for use during the day.

Osmoregulation:

e Highly efficient in conserving water, maintaining low internal water potential to absorb and
retain water under extreme dehydration conditions.

TECHNIQUES HUMANS EMPLOY TO MANAGE PLANTS THAT SURVIVE IN DIFFERENT
ENVIRONMENTS:

1. For Xerophytes (plants in dry environments)
Irrigation techniques

e Drip irrigation to supply water directly to roots, minimizing evaporation.
e Use of sprinklers in controlled amounts to avoid water loss.

Mulching

e Applying dry grass, straw, or polythene to soil to reduce evaporation and maintain moisture.
Water harvesting

e Building contour bunds, terraces, and small dams to trap rainwater for plant use.
Soil conservation

e Practices such as minimum tillage to reduce water loss.
o Addition of organic matter to increase water retention capacity.

Selecting drought-resistant crops

e Planting species bred or genetically modified for drought resistance, e.g., sorghum, millet,
certain cassava varieties.
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Shading and windbreaks
e Establishing shade trees or grass strips to reduce heat stress and wind drying effect.
2. For Hydrophytes (aquatic plants or those in wet environments)
Water level management
Controlling water levels in rice paddies or wetlands to ensure optimal growth.
Weed control
Removing invasive aquatic weeds like water hyacinth to prevent suffocation of useful hydrophytes.
Spacing and thinning
Ensuring correct plant spacing to avoid competition and rotting due to poor aeration.
Use of floating beds

In regions with flooding, such as Bangladesh, farmers grow crops on floating rafts of water hyacinth
or bamboo.

3. For Mesophytes (plants in moderate environments)

Proper crop rotation

Prevents soil nutrient depletion and controls pests.

Fertilizer application

Using organic or inorganic fertilizers to maintain soil fertility.

Weeding and pest control

Regular removal of weeds and use of integrated pest management to ensure healthy growth.
Irrigation during dry spells

Supplemental irrigation during unexpected dry periods to prevent wilting.
4. For Halophytes (plants in saline environments)

Leaching

Applying excess water to wash away salts from the root zone.

Selection of salt-tolerant crops

Growing halophyte species such as Salicornia, certain barley and rice varieties.
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Soil amendment

Adding gypsum to soil to reduce salinity levels.

Controlled drainage

Ensuring proper drainage to prevent accumulation of salts on the surface.

5. General techniques across all environments

Plant breeding and biotechnology

Developing crop varieties suited to specific extreme conditions.

Greenhouse farming

Creating controlled environments for temperature, humidity, and moisture regulation.
Agroforestry

Integrating trees with crops to improve microclimate and reduce environmental stress.
Conservation agriculture

Practices such as cover cropping, minimal tillage, and crop residue retention to maintain soil health
and moisture.

SAMPLE AOI 1

In Kijani Village, the community has been experiencing increasing poverty due to low cash
crop yields. However, the village has many wild and planted trees such as Acacia,
Eucalyptus, Lemon grass, and Calotropis growing around homesteads, gardens, and school
compounds.

The local elders complain that these trees shed sticky substances, milky saps, and aromatic
smells, and that they are useless and messy. Meanwhile, youth unemployment is rising
because many young people migrate to towns in search of income.

The village development committee, in partnership with your school’s agriculture and
biology department, has called upon learners to help identify ways of utilising these plant
products to improve household incomes and promote environmental conservation.

Task

Write a speech you will deliver
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SAMPLE AOI 2

The community of Bumwoni Parish has recently constructed a new poultry house to rear
exotic broiler chickens for commercial sale. However, as the July cold season intensifies,
the villagers observe that many chicks are huddling together, becoming weak, and some
are dying overnight. During the hot dry season, they noticed that some birds would pant

heavily, stop eating, and eventually die.

The parish poultry project committee is worried because these deaths are reducing their
expected income, and community members are losing hope in the project and you have
approached to offer advice.

Task:

Write article that you will use
THE €ND

TO GOD BE THE GLORY

For such wonderful master pieces, feel free to;

1. Contact me on 0775543499 or
2. Email me on: rogerswakwaale023@gmail.com

“fOCUS BIOLOGY DECODING BIOLOGY MYSTERIES, UNLOCKING BIOLOGY CONUNDRUMS*
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