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NCEA Level 2 Biology material covered in this chapter includes material for Achievement 
Standard 91155 (Biology 2.3) ‘Demonstrate understanding of adaptation of plants or 
animals to their way of life’. This chapter looks at the following.
• Requirements of AS91155 (Biology 2.3).
• Animal taxonomic groups.
• Levels of achievement.

Introduction
AS91155 (Biology 2.3) requires you to demonstrate understanding of adaptation of either 
animals or plants to their way of life. For this investigation, the life processes applicable to 
animals are:

• nutrition
• internal transport
• gas exchange
• excretion
• support and movement
• sensitivity and co-ordination
• reproduction.
You may select one of these life processes and investigate how the animals in three 
taxonomic or functional groups carry out the life process and compare how the animals 
in these groups are adapted to carrying out the process in response to their way of life.

Or:

You may select two related life processes (e.g. nutrition and internal transport, gas 
exchange and internal transport, excretion and nutrition, excretion and internal transport) 
and investigate how the animals in one taxonomic group or functional group are adapted 
to carrying out the life process and how the systems for both processes work together to 
enhance the effectiveness of both.

Achievement Standard 91155 (Biology 2.3) lends itself to an individual investigation 
outside the class for students who want to extend themselves and/or improve their 
knowledge of animal adaptations and life processes, and to present a scientific report. 
It also allows you to increase your number of Level 2 credits. Discuss this with your 
teacher if you would like to take advantage of this.

Animal adaptations

CHAPTER
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In both cases, the groups of animals selected must be multi-cellular.

All animals carry out the same seven essential life processes (MRS GREN), but they do 
them in different ways using different structures. The differences reflect the differences in 
the way of life of the animal/group.

Taxonomic groups
All animals are classified into taxonomic groups depending on the features they have in 
common and/or how related they are. The main taxonomic groups are:

Phylum → Class → Order → Family → Genus → species

For example, humans are classified as:

Chordates → Mammals → Primates → Hominids → Homo → sapiens

Functional groups
Functional groups refer to a group of animals that perform the same task or function –  
e.g. parasites, filter feeders, scavengers, herbivores, carnivores are all functional groups  
for the process of nutrition.

Adaptation and ecological niche
Adaptation refers to the features of an animal that enable it to successfully carry out its 
way of life.

Each adaptation helps an organism survive in its environment. Adaptations may be:

• structural – what the animal has (e.g. shape of a limb, parts of the digestive system, 
type of skeleton, pointed canine teeth, opposable thumbs)

• behavioural – what the animal does (e.g. whether it is nocturnal or diurnal, annual 
migration, hunting, courtship and mating behaviour); behaviour may be innate 
(determined by genetics) or learnt (determined by life experiences)

• physiological – how the animal functions, the chemical processes that occur in the 
body – e.g. transport of oxygen by oxygen transporters such as haemoglobin, the 
presence and function of digestive enzymes, hormonal control of reproduction, all 
metabolic processes.

Ecological niche refers to the way in which an animal lives; its specific lifestyle. 
Ecological niche is a combination of where the animal lives (its habitat) and how it lives 
there (its adaptations). Each species has a unique niche, though its niche may overlap 
with other animals that occupy that habitat or that have similar lifestyles.

Classification
Refer to chapter 1, pages 1–10, for background information on taxonomy. The 
content that follows provides an introduction to the animal groups that are most likely to 
form the basis of an investigation for AS91155 (Biology 2.3).

Taxonomic groups show the degree of relatedness between animals. For example, humans 
belong to the Chordates phylum along with fish, amphibians, reptiles, birds as they all 
have a spinal cord housed in a spine/vertebral column. Within this phylum we belong to 
the class called mammals along with many other groups because we are all homeotherms 
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(‘warm-blooded’), have hairy bodies, and our young are born alive then suckled on milk 
from the mother.

There are 21 phyla (singular = phylum, the largest grouping) within the animal kingdom. 
The following phyla are the most relevant to this investigation.

Annelida (annelids) – segmented worms
Includes the earthworms, marine worms, leeches. The body is elongated and divided into 
many repeating segments. There are two openings (the mouth and anus), and the body 
cavity is a fluid-filled coelom which acts as a hydrostatic skeleton.

Earthworm

Phylum Mollusca (molluscs)
Includes all the snails, shellfish, octopuses. Body is soft and not segmented, often 
enclosed in a shell. Movement is by a muscular foot (except for octopus), feeding by a 
rasping radula (except for bivalves such as mussels, which are filter feeders). Mucus is an 
important lubricant. There are three major classes.

• Gastropoda – includes the slugs and snails. 
The soft body is enclosed in a (typically 
coiled) shell (slugs have lost their shell in 
their evolution). This class includes the only 
terrestrial members of the molluscs. Snail

• Bivalvia – includes the mussels, scallops, 
oysters, pipi. The soft body is enclosed in two 
shells (valves); they are typically filter feeders. Mussel

• Cephalopoda – includes the octopus and 
squid. They have a soft body, with a shell 
no longer present (or greatly reduced). The 
tentacles present are for moving and feeding; 
movement is by ‘jet propulsion’; eyesight is 
well developed, as is a brain. Octopus

The correct terms for taxonomic groups typically end in a, e.g. Chordata, Mammalia, 
Insecta; however, for simplicity, the more common s ending may be used – e.g. mammals, 
chordates, insects.
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Phylum Arthropoda (arthropods)
Includes the insects, spiders, centipedes and millipedes, crabs and shrimps. It is the 
most numerous group of animals, comprising over 75% of all species. The body has 
an exoskeleton – a cuticle of (mainly) chitin, with jointed limbs for movement. The 
exoskeleton is shed for growth. The body is segmented (not usually obvious), and divided 
into a head and one or two other regions (thorax, abdomen). The blood system is open. 
There are four classes, as follows.
• Insects – includes grasshoppers, flies, moths, butterflies, bees, beetles. Insects are 

the most numerous of the arthropods, comprising over 75% of all arthropod species; 
and beetles are the most common insects. The body has three parts (head, thorax, 
abdomen) and three pairs of legs attach to the thorax. Many have wings (one or two 
pairs). The head has a pair of compound eyes and a pair of antennae. They have a 
tracheal system for gas exchange.

Housefly Beetle Butterfly
• Arachnida – includes the spiders, ticks, mites, scorpions. The body is made up of two 

parts (a joined head and thorax and a separate abdomen), with four pairs of legs. They 
have no antennae. Many sting.

Mite Spider

•  Myriapoda – includes the centipedes and millipedes. The body has many segments, 
with a head (which has antennae). Centipedes have one pair of legs per segment, and 
are carnivorous; millipedes have two pairs of legs per segment, and are herbivorous. 
They have a tracheal system of gas exchange. 

CentipedeMillipede

• Crustacea – includes the crabs, crayfish, shrimps, slaters (‘woodlice’), barnacles. They 
live in aquatic habitats (or need damp conditions, e.g. slaters). They often have a 
very hard exoskeleton (a carapace, e.g. crabs). They have many legs, which are often 
modified (e.g. for swimming, egg carrying, feeding). They have a distinct head with 
antennae. Gas exchange is through the gills.

Barnacle Shrimp Slater

Centipedes have far fewer 
than 100 legs, millipedes have 
between 80 and 750 legs.
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All the proceeding phyla are invertebrates – the animals do not have a spinal column and 
spinal nerve cord. The nerve cord is unprotected and has a ventral (not dorsal) location. 
The animals are also ectotherms (‘cold-blooded’), so cannot regulate their internal 
temperature (which therefore follows that of the environment).

Vertebrates are animals that have a spinal column (of bones called vertebrae) which 
contains the spinal cord and is located dorsally. Technically, the vertebrates are a sub-
phylum of the 
chordata. Apart 
from a very few 
primitive forms 
(e.g. sea squirts, 
lancelets), all 
chordates have a 
vertebral column 
enclosing their 
spinal cord at 
some stage during 
their life. Species 
of vertebrate 
animals are far 
less numerous 
than species of 
invertebrates, but 
the animals are 
typically much 
larger.

Phylum Chordata (chordates)
The major classes of chordata are Pisces (fish), Amphibia, Reptilia, Aves (birds), Mammalia.

Fish/Pisces
The class ‘fish’ is more accurately given as several distinct classes. There are two main 
classes.
• Osteichthyes (bony fish) have a skeleton made of bone – and are the majority of fish, 

e.g. snapper, tuna, salmon, trout.
• Chondrichthyes (cartilaginous fish) have a skeleton made of cartilage, e.g. sharks and 

rays.
All fish are aquatic. They have an outer covering of scales, gills are used for gas exchange, 
and the blood system is closed with single-loop circulation.

Shark Eagle rayTrout

The following terms are used in referring to areas of the body:

• dorsal – the back (or top)
• ventral – the underside
• lateral – the side(s)
• anterior – the front (or head) end
• posterior – the rear (or back) end

Dorsal

Ventral

Left (lateral) side

Posterior Anterior

Right (lateral) side
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Amphibia (amphibians)  
This category includes frogs, toads and the lizard-like newts and 
salamanders. Amphibians are restricted to an aquatic or damp/humid 
environment by:
• their skin – lacks scales and needs to be moist for gas exchange, 

though lungs are also present
• reproduction – fertilisation is typically external, and the eggs do not 

have a hard shell.
The young can have a different form from the adult and metamorphose 
into the adult (e.g. tadpole to frog).

Frog Salamander

Reptilia (reptiles)
A diverse class, including lizards (e.g. geckos and skinks), snakes, crocodiles, turtles, 
tortoises and the tuatara (in a group of reptiles all on its own). The skin is dry and scaly; 
reproduction is by shelled eggs, and fertilisation is internal, therefore reptiles are adapted 
fully to terrestrial living, unlike amphibians. New Zealand has native tuatara, skinks, 
geckos, but no other native reptiles.

Tuatara Snake Turtle Skink

Aves/Birds
Birds are feathered homeotherms with beaks, scaly legs and wings for flight. However, 
some forms have lost the power of flight – e.g. kiwi, ostrich, takahe (wings are vestigial); 
penguins have wings modified as flippers for swimming. Fertilisation is internal and hard-
shelled eggs are laid. Their energy needs are high, and the blood system is closed, with a 
four-chambered heart and complete, double circulation.

Kea
Kiwi

Mammalia (mammals)
Mammals are hairy (hair is lost in whales) homeotherms. Fertilisation is internal and the 
young are born alive and suckled on the mother’s milk from mammary glands. The brain 
is large. This diverse group is divided into three large sub-classes, according to the method 
of reproduction.

The only native 
amphibians 
found in New 
Zealand are 
four rare native 
frog species.
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• Monotremes – the egg-laying platypus and echidna of Australia. The young hatch and 
suckle on the mother’s milk.

Platypus Echidna Possum

•  Marsupials – the young are born in an embryonic state and they complete their 
development attached to a teat in the mother’s pouch, e.g. kangaroo, possum.

• Placentals – most mammals. The young are retained in the uterus and nourished by 
a placenta until birth, when they suckle from the mother, e.g. human, cat, monkey, 
whale, bat.

HumanMonkey Bat Dog

Diversity
Diversity is about differences. All animals carry out the same seven essential life processes 
(MRS GREN), but they do them in different ways, with different structures. The differences 
reflect the way that the animal/group has evolved to be successful in its way of life.

AS91155 (Biology 2.3) studies the diversity in one life process between three different 
groups of animals; or studies two related life processes within a group and how the life 
processes are connected to enhance the effectiveness of both processes. The groups may be:
• taxonomic – a classification group such as insects, mammals, annelids
• functional – a group that performs the same task or function (not bound by the 

taxonomic group); e.g. parasites, filter feeders, scavengers, herbivores, carnivores are 
all functional groups for the process of nutrition.

Assessment
The most common way of presenting the findings from your investigation is a formal 
written report. However, other ways of presenting your findings include PowerPoint 
presentations and seminars – discuss possible options with your teacher.

What follows are descriptors and examples indicative of each of the three levels of 
achievement.

Achievement
You need to describe the adaptations of the animals in each group (functional or 
taxonomic) that enable them to carry out the specific life process(es) and successfully 
survive in their habitat / ecological niche. This could include clear, labelled diagrams 
showing the structures and the differences between each group. The diagrams need to 
have descriptions alongside the labels (i.e. need to be annotated). Correct biological 

BOOK L2 Bio SG 2019.indb   47BOOK L2 Bio SG 2019.indb   47 31/01/20   11:34 AM31/01/20   11:34 AM



    ISBN 978-0-947504-91-5

48  AS91155 (Biology 2.3) Demonstrate understanding of adaptation of plants or animals . . .

C
hapter 4

terms/names need to be used (e.g. ‘trachea’ not ‘windpipe’, ‘alveoli’ not ‘air sacs’, in 
describing gas exchange).

The description must cover parts of the whole process and not just focus on one part.

Example: Description of the human circulation system

A human has a four-chambered heart in a double, 
closed-circulation system. A ‘closed’ system has the 
blood enclosed in vessels and ‘double’ circulation 
means that the blood is pumped twice each complete 
circulation.

Use of NCEA Level 2 
Biology terms, and 
meanings given.

The blood from the head and body collects in the right 
atrium of the heart, then goes through the tricuspid 
valve to the right ventricle. When the ventricle 
contracts, the blood is pumped through the pulmonary 
artery to the lungs. Gas exchange occurs in the lungs 
and the blood becomes oxygenated. From the lungs, 
the blood travels through the pulmonary vein (the 
only vein in the body to carry oxygenated blood) and 
into the left atrium of the heart. The blood then flows 
through the mitral valve into the left ventricle. When 
the heart contracts, blood is forced out throught the 
aortic valve into the aorta under pressure. The blood 
flows around the body in arteries, which divide into 
capillaries. Capillaries form into veins and the blood 
returns to the heart.

Paragraph gives description 
of the pathway blood takes.

Biological names of parts 
and biological terms (e.g. 
‘ventricle’, ‘oxygenated’), 
used.

Comment in bracket shows 
knowledge of veins.

Achievement with Merit 
You need to explain how or why the adaptations of the animals in each group enable 
them to carry out the specific life process(es) that allow them to survive in their habitat / 
ecological niche. This could include clear annotated diagrams that describe and explain 
the structures and differences between each group, or how the two life processes within a 
group are connected. 

Example: Explanation of structure and function linked to habitat

Fish carry out gas exchange through gills. The mouth 
is opened and the mouth cavity expands to draw 
water into the mouth. The mouth is closed and the 
mouth cavity gets smaller, which forces water over 
the gill filaments and out the now-open operculum. 
Gas exchange occurs as the water moves over the gill 
filaments. Small lamellae sticking out from the gill 
filaments increase the surface area, so that as much 
oxygen as possible can be obtained from the water 
flowing over the gills.

Description of ventilation 
in fish.

Lamellae not enough for 
‘Merit’ yet, but explanation is 
developed sufficiently in the 
next paragraph.

BOOK L2 Bio SG 2019.indb   48BOOK L2 Bio SG 2019.indb   48 31/01/20   11:34 AM31/01/20   11:34 AM



    ISBN 978-0-947504-91-5

C
ha

pt
er

 4

Chapter 4: Animal adaptations  49

Water has a low oxygen concentration when compared 
with air, so fish have special features that allow them 
to efficiently extract oxygen from the water. The 
blood flows through the lamellae in the opposite 
direction to the flow of water. This is called counter-
current flow. The counter-current flow ensures that the 
concentration of oxygen in the blood is always lower 
than the concentration in the water it is passing, so that 
maximum amounts of oxygen can be removed from 
the water in the short time it is in contact with the gills. 
The water leaving the lamellae has a low concentration 
of oxygen, and it passes blood coming into the 
lamellae which has an even lower concentration of 
oxygen. As the water flows across the lamellae it gains 
oxygen but continues to meet blood that has a higher 
oxygen concentration than itself. This means that a 
concentration gradient from the water to the blood 
exists all the way across the lamellae. If the blood and 
water flowed in the same direction, the concentration 
of oxygen in them would equalise and no more oxygen 
would move from the water to the blood.

Explanation of how 
counter-current flow 
improves oxygen 
extraction; linked to low 
oxygen concentrations in 
the habitat. 

Words used show good 
detail – ‘maximum oxygen’, 
‘short time’, ‘in contact’, 
‘even lower’, ‘continues’.

Explanation is enhanced 
by giving detail about what 
would happen if counter-
current flow was not used.

Achievement with Excellence 
You need to discuss the adaptations of the animals in each group that enable them to 
carry out the specific life process(es) and successfully survive in their habitat / ecological 
niche. Your discussion needs to have extensive paragraphs that include in-depth 
explanations that link biological ideas.

Your linking of ideas may involve analysing, justifying, evaluating, comparing and 
contrasting. Examples of these four terms follow.
• Analyse the differences in the way the groups carry out the life process, or how the 

two life processes within a group are connected to enhance the effectiveness of both 
processes.

• Analyse and account for any limitations and advantages involved in each feature/
system concerned with the life process within each animal

• Justify the differences and similarities between groups, or justify how the two life 
processes within a group are connected to enhance the effectiveness of the processes.

• Evaluate the ways in which the group(s) carry out the life process(es), relating it/them 
to the success of the group or groups.

• Compare and contrast the ways in which the groups carry out the life process.

Examples of linking words include and, because, however, but, therefore, since, so, 
then, which, while, consequently, subsequently, accordingly.

Examples of linking phrases include as a result of, as well as, in order to, so that, this can 
lead to, due to, the reason for, together with, compared with, this explains why, which 
means that, this results in, as a consequence. 

BOOK L2 Bio SG 2019.indb   49BOOK L2 Bio SG 2019.indb   49 31/01/20   11:34 AM31/01/20   11:34 AM



    ISBN 978-0-947504-91-5

50  AS91155 (Biology 2.3) Demonstrate understanding of adaptation of plants or animals . . .

C
hapter 4

Diagrams may be used to support a discussion; bullet points are not indicative of a 
discussion, but they may be used within a paragraph when giving examples/illustrations 
or similar.

Example: Explanation of structure and function linked to habitat

The type of excretory product produced by each different 
organism depends on the environment, life history and 
energy use of the organism. There are three main excretory 
products for the removal of nitrogen waste: ammonia, urea 
and uric acid. The products have different levels of toxicity, 
require different amounts of energy to produce, and require 
different amounts of water when being excreted.

Introduction statement 
shows knowledge of 
excretory products.
Detail about the biology 
relates to each of the 
excretory products is 
introduced.

Ammonia is excreted by freshwater bony fish such as trout. 
Although ammonia is highly poisonous to the fish, it can be 
produced because the fish lives in an aquatic environment 
and is able to quickly and efficiently excrete the ammonia 
out through its gills by diffusion. The ammonia is diluted by 
the surrounding water. Being able to excrete the poisonous 
ammonia saves the fish energy, because it doesn’t have to 
use energy for chemical reactions that turn the ammonia into 
urea or uric acid. 

An example showing 
in-depth understanding of 
why the excretory product 
ammonia is suitable for 
this animal.

In mammals, ammonia is produced by the liver, as the result 
of the deamination of surplus amino acids. The ammonia is 
changed into urea before being excreted. Urea is produced 
by joining two molecules of carbon dioxide to a molecule 
of ammonia. While this process has an energy cost for the 
mammal, it does mean that the excretory product is less toxic 
than ammonia. The mammal’s kidneys remove the urea from 
the blood and concentrate it in urine. Urine, urea diluted 
with water, can be stored in the bladder and excreted later.

Several linked ideas about 
mammals –  where and 
how waste is produced; 
changed to urea; 
components of urea, 
energy cost, but less toxic; 
kidney removes wastes, 
makes urine, urine is 
diluted with water so it can 
be stored.

The dilution of urea with water requires water loss, but 
the structure and functioning of the kidney allows the 
concentration of the urine to be controlled, as changing 
internal body conditions, and external conditions, cause 
different water demands on an animal. This makes the use 
of urea possible in a range of habitats, including dry ones 
(dry habitats are not available to organisms that excrete 
ammonia).

Linking of ideas to 
previous paragraph and 
first paragraph – dilution, 
water loss, kidney controls 
(depending on conditions), 
habitats, ammonia limits 
(link back to first paragraph 
and organism).

Your teacher may select which animal processes and/or which groups to investigate, or 
you may be able to make the selection. Chapters 5–8 following:
• describe the life processes of nutrition, internal transport, gas exchange, excretion
• describe and explain, with diagrams, the adaptations of animals in selected taxonomic 

and functional groups which enable them to carry out the life process.

Nutrition in animals

CHAPTER

5
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CHAPTER

1ANSWERS 
And expLAnAtionS

A ‘/’ in an answer (e.g. feature/trait/protein) indicates acceptable alternative answers.

Activity 1A: Classification and dichotomous keys (Page 8)
1. Red beech = Fuscospora fusca
 Mountain beech = Fuscospora cliffortioides
 Silver beech = Lophozonia menziesii
 Hard beech = Fuscospora truncata
 Black beech = Fuscospora solandri
2. Yorkshire fog = Holcus lanatus
 Browntop = Agrostis tenuis
 Couch = Agropyron repens
 Perennial ryegrass = Lolium perenne
 Paspalum = Paspalum dilatatum
 Kikuyu = Pennisetum clandestinum

Activity 1B: Classification (Page 10)
1.	 This	is	the	system	of	naming	organisms	using	two	words,	the	first	word	being	the	

genus and the second word being the species that the organism belongs to.
2.	 The	scientific	name	is	written	in	italics or underlined.	The	first	word	begins	with	an	

upper-case/capital letter, while the second word begins with a lower-case/small letter. 
For	example,	the	scientific	name	for	humans	is	written	as	either	Homo sapiens or 
Homo sapiens.

3. Any group that an organism is classified into (e.g. phylum, order, genus), based on the 
organism’s relation to other organisms.

4. All life forms have their genetic code in the form of DNA which is found in the 
nucleus of all living cells (in all organisms); DNA is universal.

5. a.  Prokaryotes are cells that lack a nucleus as well as lack (membrane-bound) cell 
organelles – bacteria and archaea; eukaryotes are cells that have both a nucleus 
and membrane-bound organelles – all other organisms.

 b.  Autotrophs are organisms that manufacture their own food either in photosynthesis 
(all plants, use sun as energy source) or chemosynthesis (some bacteria, use 
chemical reactions as energy source), while heterotrophs need organic material as 
a source of food (all animals and fungi).
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