
Bio Lec 2 notes 
● Structure and function are related 
● Physical forces constrain strength, diffusion, movement and heat exchange 
 
Exchange: 
A higher surface area to volume ratio allows for more effective exchange mechanisms. As organisms 
increase in size the  SA/Vol ratio  decreases therefore larger organisms must evolve/adapt to 
accommodate this by; 

-  Having highly folded surfaces (increas SA) 
- Having a circulatory and respiratory system to move substances 
- Interstitial fluid allowing for more effective gas exchange  

However larger organisms can; 
-  Avoid predation 
- Internal digestion –slows food breakdown and controls release of  energy - less food  
- Complex body plans maintain stable internal environment 

 
Tissue types 
Epithelial Tissue - Closely packed cells cover all surfaces, with Specialized junctions between cells 
forming a physical barrier 
Connective Tissue - Cells are sparsely distributed in an extracellular matrix (mainly composed of 
fibres produced by cells of CT) to hold organs and tissues in place  
Muscle Tissue - Contains actin and myosin filaments for muscle contraction, Cardiac: fibres different 
directions + intercalated discs – Skeletal muscle: striated – Smooth muscle: non-striated, narrow 
arrangement  
Nervous Tissue - Highly specialized for electrical conduction to transmit, receive and process 
information, composed of dendrites, cell body, axons 
 
Homeostasis: 
Relative constancy of the extracellular 
environment to maintain stable internal 
conditions in a manner compatible with life via 
the endocrine and nervous system, despite 
ever changing external conditions. 
Negative feedback- The response reduces or 
stops the original stimulus  
Positive feedback - The response enhances 
or accelerates the original stimulus 
 
Thermo  
Animals either  regulate or conform  to the  environmental  conditions  
Regulators - maintain optimal metabolism in varying environmental conditions (same energy always)  
Conformers - temperature fluctuates with ambient temps 
Poikilotherms - variable body  temperature (often ectotherms)  
Homeotherms - constant body temperature (often endotherms)  



  
 
 
 
 
 
 
 
 
 
 

  
Heat transfer 
Convection: heat transfer by air or fluid movement past a surface e.g. wind  
Conduction: direct transfer of thermal motion of molecules e.g. Contact with a hot rock.  
Radiation: emission of electromagnetic waves by all objects warmer than absolute zero 
Evaporation: heat removal as liquid turns to gas  e.g. Sweat 
 
Insulation-  
Reduces rate of heat exchange between body and environment using  hair, feathers, layers of 
adipose tissue, eg. raising feathers to create a thicker layer of insulating air. Marine mammals have a 
very thick layer of fat called blubber that enables them to maintain a constant temp 
Circulatory adaptations -  
Vasodilation widens surface blood vessel walls so blood cools whilst vasoconstriction narrows 
vessels,  reducing heat loss from blood.  Countercurrent exchange uses arteries and veins that run in 
opposite directions located adjacent to each other to allow transfer of heat to minimises heat loss 
from extremities. 
Evaporative heat loss -  
Water absorbs considerable heat when it evaporates so the moisture lost in terrestrial mammals from 
skin and respiratory surfaces reduces the animal's body temperature. 
Eg. Sweating Panting and gular fluttering 
Behavioural responses -  
When cold seek warmth/ seek solar radiation, and increase SA exposed to sun. When hot, seek cold 
areas, avoid solar radiation, ectotherms rely on these behavioural adaptations. 
Adjusting metabolic heat production - 
Thermogenesis is the varying of an organism's own heat production. This can be achieved through 
movement or some mammals can create hormones that increase mitochondrial activity and produce 
heat instead of ATP (called nonshivering) 
 
 
 
 
 
 



Lec 3 Energetics and Nutrition 
Second Law of Thermodynamics - internal changes in an isolated system are always in the direction 
of  disorder (entropy) thus animals require energy to maintain orderliness of their internal functions. 
- Energy: Energy is the capacity to do work (Force x distance)  
- Energy is the capacity to increase order  
- Energy is measured in Joules 
Bioenergetics - Is the overall flow and transformation of energy within in animal  
- Determines how much  food an animal needs  
- Relates to size, activity and environmental conditions  
- Nutrients can be used to – make energy (ATP)  – for biosynthesis  
 
Metabolic rate (MR) - is the rate of energy use for internal and external activity 
- MR is expressed as energy expenditure per unit of time  
- Determines food intake therefore how much food energy an animal takes from the ecosystem 
- Food + O2 --> CO2 + H2O + wastes + energy (heat) 
- Energy in Food consumed  (measure in  kilojoules)  minus energy lost in waste  (urine/faeces) 
Direct calorimetry 
- Energy expenditure and heat production are directly related  
- Measures heat  given off by an animal  
Indirect calorimetry – e.g. respirometry  
- Measures rate of oxygen use by  animal  
- Easy to measure so commonly performed 
Minimum metabolic rates  
- Are measured on resting organisms with empty stomachs  
- Basal metabolic rate (BMR) = MR of a nongrowing, fasted & sleeping endothermat a  ‘comfortable 

temperature’ (birds and  mammals)  
- Standard Metabolic Rate (SMR) = MR of an ectothermat at a specific temperature (e.g. 

amphibians, molluscs and most fish)  
- Ectotherms of comparable size have lower MR than endotherms, even at same body  temperature  
 
Influences on metabolic rate  
Body mass 
- Most  important determinants of metabolic rate 
- Larger animals have a higher absolute MR than smaller animals  
- Logarithmic conversion of the relationship between MR and Mb produces a linear relationship 

with a slope < 1 (body mass directly influences MR 
- Smaller animals have a higher BMR per gram than larger animals 
Activity  
- When an animal is inactive it has a minimal metabolic rate 
- MR rates increase with increasing activity up  to a point –the maximal metabolic rate 
- Torpor  is a state of decreased physiological  activity and metabolism - saves energy in  adverse 

conditions e.g. extreme cold, heat,  drought 
- Hibernation is long term torpor over winter, whilst aestivation is prolonged torpor under warm 

conditions 



 Digestive state  
- MR increases during the digestive process: called the specific dynamic effect (SDE)  
- It is proportional to size of meal consumed and inversely related to ease of its digestion, the 

amount of gut secretions, nutrient absorption, protein  synthesis, and nitrogen excretion 
- Highest for proteins, lowest for carbohydrates  
- Up to 30% of BMR in humans  
Temperature 
- The rates of many physiological processes are determined by temperature  
- Both thermoconformers and thermoregulators require body temperature to be kept in optimal 

range for physiological functions 
- In thermoconformers MR increases with temperature  
- In thermoregulators, MR increases at high and low temperatures as the animal must work harder 

to maintain its body temperature 
Phylogeny  
- Evolutionary tree showing the inferred evolutionary relationships among various biological species 

and based upon similarities and differences in their physical or genetic characteristics. 
 
Nutrition 
- Carbohydrates, proteins and lipids, can produce ATP OR be used  to build complex molecules 
- Vitamins (organic molecules) and minerals (inorganic) are required in small amounts 
- Undernutrition is insufficient energy intake = starvation  
- Malnutrition is deficiency in particular essential nutrients (endemic goitre - iodine deficiency) 
Essential nutrients 
- Cannot be pre assembled from simpler organic precursors and must be found in the diet;  
- Essential amino acids, fatty acids (structural components, e.g. cell  membranes), Vitamins and 

Minerals (e.g. coenzymes, co-factors) 
- Essential nutrients vary with species, e.g. Vitamin C is an essential vitamin for humans, primates 

and guinea pigs but many other animals can synthesise this from other compounds 
Function Example 
- The enzyme fatty acid desaturase converts the essential fatty acid linoleic acid to γ-linoleic acid 
- Used as a structural component of prostaglandins and phospholipids  
- The enzyme is a polypeptide made from essential amino acids and requires the mineral cofactor 

iron and the coenzyme vitaminB3 to function.  
 
Feeding 
Food processing  

1. Ingestion- eating  
2. Digestion- food is broken into molecules small enough for the body to absorb  
3. Absorption- cells take up (absorb) the particles of food  
4. Elimination- passing undigested matter 

Filter feeding  
- Filter feeders strain small organisms or food particles out of the medium e.g Baleen whales  
- This includes suspension feeding where suspended food particles are captured or trapped 
 



Substrate feeders  
- live in or on their food source e.g. leaf miner caterpillar.  
- Also includes maggots which burrow into animal  carcasses 
Fluid feeders  
- Suck nutrients from a living host with hollow needle-like mouthparts e.g. mosquitos 
Bulk feeders (Includes most animals) 
- Eat relatively large pieces of food  
- Have pincers, claws, tentacles, venomous fangs, jaws and teeth etc. kill and tear pieces of prey 
- E.g. Snakes jaws are loosely hinged and can expand dramatically to swallow prey 
 
Digestion 
Intracellular digestion 
- Intracellular hydrolysis of food can occur in vacuoles within cell  
- Food enters cell by phagocytosis or pinocytosis and is stored in food vacuole  
- This fuses with a lysosome containing hydrolytic enzymes  
- Digestion can occur safely within cell 
Extracellular digestion 
- Breakdown of food occurs in external compartments • E.g. in the gastrovascular cavity of the 

hydra, and is then englufed 
Mammalian digestion 

1. Mouth- mechanical and initial chemical breakdown of food, salivary glands producing amylase 
2. Stomach- protein digestion and mechanical churning  
3. Liver- produces bile salt to emulsify fats  
4. Gall bladder- stores bile salts  
5. Pancreas -produces digestive enzymes and secretions  
6. Small intestine- absorption 
7.  Large intestine- reabsorption of salts and water  
8. Rectum- storage of faeces 

 
Diet correlation 
- Evolutionary adaptations of vertebrate digestive systems correlate with diet 
- Eg. teeth have evolved to mechanically break down the available food source 
Carnivore e.g. dingo  
Meat is easy to digest - Expandable stomachs (can be large)  • Short, simple digestive tract • Rapid 
transit times  
Herbivore e.g. koala 
Plant cell walls are hard to digest  - Long digestive system to increase digestion & absorption • Slow 
transit times • Often additional compartments for microbial digestion - eg.Hind gut fermentation  
 


