
BIOS1101 – EVOLUTIONARY & FUNCTIONAL BIOLOGY 
 

ANIMAL SURVIVAL AND ADAPTATION 

 

BODY PLANS 

 Classification is very important 
 Body plan: particular set of developmental and morphological traits (symmetry, tissue, body cavity) 
 After fertilisation proceeds through: cleavage, morula, blastula, gastrulation 



COELOMS 

 Body cavity allows a place for the stomach to expand, internal fertilisation 
 Higher order animals: coelom and bilateral symmetry 

 

ADAPTATIONS 

 

 Adaptations help organisms survive in their ecological niche or habitat 
 Anatomical, behavioural or physiological 
 Body form dictates if an organism is going to survive in a certain environment 
 Examples: adaptations to behaviour, feeding habits, life cycle, movement, morphology, predation 

strategies, reproductive strategies, adaptation to extremes, survival strategies 

SURVIVAL STRATEGIES 

 The solutions of the challenges to survival: a close match of form and function 
 Survival strategies enable organisms to cope with particular stresses, from temporary environmental 

changes in the weather to the constant threat of predation 

 



HOMEOSTASIS 

 

 Homeostasis: any self-regulating process by which a biological or mechanical system maintains 
stability while adjusting to changing conditions  

 Regulatory systems: thermoregulation, osmoregulation, excretion 
 

THERMOREGULATION 

 

 Thermoregulation: process that allows the body to maintain its core internal temperature 
 Animals use different modes of thermoregulation processes to maintain homeostasis 
 Temperature increase: enzymes denature around 40 – 50°C 
 Temperature decrease: hypothermia, influences hormones 
 Various thermoregulation mechanisms that animals use to regulate their internal body temperature 

ECTOTHERM 

 Internal physiological sources of heat are relatively small 
 Regulation of body temperature relies on heat from the surrounding environment 
 Operate at economical metabolic rates; usually live in environments in which temperatures are 

constant 

ENDOTHERM 

 Regulate their own body temperature through internal metabolic processes 
 Maintain a narrow range of internal temperatures 
 Heat is generated from the animal’s own metabolism 
 Larger number of mitochondria per cell than ectotherms 
 Must sustain their higher metabolism by eating food often 

 

HEAT TRANSFER 

 

 Heat-exchanged between an animal and its environment through four mechanisms 
 Radiation: emission of electromagnetic heatwaves 
 Evaporation: sweat 
 Convection: currents of air remove heat from the surface 
 Conduction: direct contact with surfaces 

 

CASE STUDY 

 

 Topor: a short-term reduction in body temperature, slow its metabolism down 
 To escape extreme cold and also to escape extreme heat 



MOUNTAIN PYGMY-POSSUM (BURRAMYS PARVUS) 

 Small (35g) terrestrial Burramyid marsupial 
 Fattest weight: 45g 
 Live in boulderfield and scree piles, spends most of their time underground 
 Listed as endangered, < 2000 individuals 
 Enters bouts of torpor for prolonged periods of time under a cover of snow 
 Relies on stored fat 

SHORT BEAKED ECHIDNA (TACHYGLOSSUS ACULEATUS) 

 Enter bouts of torpor to escape bushfires 
 Often nest underground in burrows or fallen logs 
 Reduce their metabolic rate and lower their body temperature 
 Enables echidnas to stay inactive for longer and therefore allows them to stay hidden and protected 
 Torpor allows echidnas to save energy while they wait for their insect food to return 
 Torpor is usually when there is not much food and needs an external environment trigger 

 

OSMOREGULATION 

 

 Osmoregulation: regulates solute concentrations and balances the gain and loss of water 
 Physiological systems of animals (operate in a fluid environment) 
 Relative concentrations of water and solutes in this environment must be maintained within fairly 

narrow limits 
 Balances the uptake and loss of water and solutes 
 Largely based on a controlled movement of solutes between internal fluids and external environment 
 Relies on osmosis and osmolarity 

OSMOSIS 



 Cells require a balance between osmotic gain and loss of water 
 Movement of water across a selectively permeable membrane is determined by osmolarity – the 

solute concentration of the solution 
 Different for animals in different environments 

OSMOTIC CHALLENGES 

 Isosmotic: two solutions with equal movement of water in both directions 
 Osmoconformers: marine animals are isosmotic with surroundings and does not regulate their 

osmolarity, no energy expended 
 If two solutions differ in osmolarity, net flow of water is from hyposmotic to hypersmotic solution 
 Osmoregulators: expend energy to control water uptake and loss, live in hyperosmotic or hyposmotic 

environment 
 Hyperosmotic: internal greater than surrounding solution 
 Hyposmotic: internal lower than surrounding solution 

 

OSMOREGULATION FOR ANIMALS 

 

STENOHALINE ANIMALS 

 Cannot tolerate substantial changes in external osmolarity and salt 
 Most animals are stenohaline 

EURYHALINE ANIMALS 

 Tolerate wide range of salt water concentrations 
 Can survive large fluctuations in external osmolarity 

MARINE ANIMALS 

 Most marine invertebrates are osmoconformers 
 Most marine vertebrates and some invertebrates are osmoregulators 

SALTWATER ANIMALS 

 Marine bony fishes are hypoosomotic to sea water 
 Lose water by osmosis and gain salt by both diffusion and food 
 Balance water loss – drink seawater 
 Excrete salt ions across gills and concentrated urine 



FRESHWATER ANIMALS 

 Freshwater animals constantly take in water from their hyposmotic environment 
 Lose salts by diffusion 

OSMOREGULATION IN FRESHWATER FISH 

 Excrete large amounts of dilute urine 
 Salts lost -replaced in foods and uptake across gills 

TEMPORARY WATERS 

 Aquatic invertebrates living in temporary ponds 
 Can lose almost all their body water and survive in dormant state (anhydrobiosis) 

LAND ANIMALS 

 Land animals manage their water budgets 
 Rat kangaroo: active at night, not in the heat of the day 
 Drinking and eating moist foods (most of its water is absorbed by food) 
 Using metabolic water 

TRANSPORT EPITHELIA 

 Salt glands of marine birds remove excess sodium chloride from blood 



FIVE-KINGDOM SYSTEM 

FUNGI 

 Bizarre, mostly hidden, some enormous, amongst most long-lived creatures on Earth 
 Individual fungi (e.g. Armillaria gallica) can be 600 hectares in size and 1000 years old 

 



VIRUSES 

 Rogue nucleic acid that can replicate themselves? 
 Are they alive? 

ATTRIBUTES TO DEFINE ANIMALS AND PLANIVERSE 

 Mobile, well developed sensory and nervous system, responsive to external stimuli, multicellular but 
too simplistic  

 World exists in 4: length, width, height, time 
 If we could see 4D, there would be an unbroken succession of gradually transforming hands from 

ancestral African Australopithecus through those of early Homo and ours 
 

DIMENSION-CHALLENGED PLANIVERSE 

 

 No physical breaks between any cells that have ever existed, all life that’s ever existed is part of one 
immortal creature  

 Each of us develop from cell divisions from one sperm cell and one egg cell  
 Those two cells come from cell divisions from our parents’ cells 
 Reduction ad infinitum: all cells physically linked to all other cells since life first began 3.5 billion years 

ago 
 Life as perceived by a 3D dimension-challenged person: there are gaps between all named parts and 

gaps between every cell and every creature that has ever lived 
 Life as perceived by a 4D dimension-aware person: there are no gaps and no independent parts, just 

one 4D mass of physically-connected cells called the Bioblob 
 

BIOBLOB 

 

 Single 4D, time-travelling, shape-changing organism? 
 Birth of the Bioblob: 3.5 bya 
 Within the Bioblob, death (cessation of life) cannot happen because this is one single immortal 

organism 
 Some ways look like a huge 3D amoeba that’s shape changing its way through time and space 
 4D amoeba: simplistic ‘time less’ framework of the present within most of us never get to ‘see’ the 

actual holistic nature of life 
 Extinction is not something ceasing to exist, but happens when a part of the 4D Bioblob stops 

expanding in time and space 
 If there is no death, there can be no extinction – not at least in the way it is often thought of – as a 

branch of the ‘tree’ falling off the ‘trunk’ 
 Fossils: ‘dandruff’ of life, shed along the wayside as the Bioblob moves on in time and space 

 
 
 
 
 



DIVERSITY OF LIVING ANIMALS 

 

 For extinct plus living species, multiply each number by approximately 200000000 = 255 trillion 
species that have lived on earth 
 

Species Number 
Insects (mostly beetles) >> 1000000 

Other invertebrates 232000 
Fishes 20000 
Birds 8600 

Reptiles 6000 
Mammals 5000 

Amphibians 1500 

KEY DATES 

 

 Age of the earth: ~ 4.5 byo 
 First sedimentary rocks: ~ 3.8 byo 
 First life on Earth: ~ 3.5 byo 
 A world of high disparity and low diversity at 515 mya 
 Cambrian times (~ 500 myo) had lower disparity but higher diversity 

HOW DID LIFE BEGIN 

 A life-rich Mars about to be belted 3.6 billion years ago as seen from an early lifeless Earth but with 
water waiting 

 Some specialists doubt that these are fossil bacteria: Martian meterorite ALH84001, ~ 3.6 byo, landed 
in Antarctica 13000 years ago 

 Possible that life evolved first here on Earth from chemicals to cells, as what happens now in deep-sea 
vents suggests the possibility that RNA and DNA spontaneously evolved first and cells second 

 Actual record of life on earth is through real fossils from North Pole, in Pilbara district of WA, 
stromatolites at 3.5 billion years old (often found today in ‘extreme’ conditions such as hyper-saline 
waters of Shark Bay in WA) 

 World’s oldest known cells from the Strelley Pool Formulation in WA, at 3.4 byo 
 Tappania, oldest eukaryotes in the world and the first beasts to indulge in sex, from Roper Group NT 

at 1.5 byo 
 Mucous Monsters were oldest known animals, trace fossils from Stirling Ranges in WA, 1.2 byo 
 World’s first animal fossil was a sponge, found in SA, 650 myo 
 First diverse animals are from Ediacara, Flinders Ranges, SA approx. 570 myo 
 Burgess Shale creatures (Hallucigenia, Opabinia) from Canada and Australia, 530 – 515 myo 
 Anomalocaris: carnivorous ‘thing’ at 515 mya 
 First chordates, Vetulicolians, from Emu Bay Kangaroo Island SA at 520 myo 

CAMBRIAN EXPLOSION 

 Life began at least 3.5 byo until about 540 myo when there was a rapid rise in different kinds of life 

 



 Explanations:  
1. The sexual revolution that started about 1.5 bya where prokaryotes clone (less chance for 

change) and eukaryotes swing (more genetic experiments)  
2. Eyes: ‘lights’ came on about 550 mya where animals could see, catch and eat other animals 

rather than sit in the sun and vegetate, leading to increased diversity 

BACTERIUM 

 

 Examples of the potential for cellular life to move between planets 

DEINOCOCCUS RADIODURANS 

 Super-tough bacterium first found in a radiation-‘sterilised’ tin of rotten food 
 Can survive 1000 times the radiation levels that we can, zero oxygen, zero warmth and has 4 copies of 

its DNA so any radiation damage can be quickly fixed 

DESULFORUDIS AUDAXVIATOR AND HALICEPHALOBUS MEPHISTO 

 Bacterium found 3km down in the Mponeng Gold Mine in South Africa 
 Lives on nothing but rocks 
 No photosynthesis, no oxygen, no consumption of any other living thing 
 Uses nuclear energy as its energy source 
 Could have come from space and could live on Mars now, due to genome being able to survive 

DESULFORUDIS AUDAXVIATOR 

 Bacterium found 3km down in the Mponeng Gold Mine in South Africa 

  


