
AS 91601

Biology 3.1 Internally assessed 
4 credits

Carry out a practical investigation in a biological context,  
with guidance

Achievement Standard 91601 (Biology 3.1) involves carrying out a practical investigation in a biological 
context. The context must come from Level 8 of the Biology curriculum, and must be at the standard of Level 8. 
The investigation is carried out with teacher guidance – this means that you come up with the ideas, design 
and carry out the investigation while the teacher provides support throughout, e.g. by:
•	  setting the parameters – such as a suitable organism, suitable contexts, equipment available
•	  providing general information – such as resources available and/or where to find resources, possible (new) 

directions and/or modifications for the investigation.

You need to:
•	  plan and carry out the investigation – this is likely to need trials to see what is possible / what works
•	  determine the independent variable (IV) and dependent variable (DV) 
•	  determine what variables need controlling
•	  set quantities (e.g. How many? How much? How long? How often?)
•	  collect then process and analyse relevant data
•	  include and use data from other sources (e.g. past or present students, outside studies) when drawing 

conclusions and writing a discussion
•	  present a scientific report on your findings – it is this report that is assessed in AS 91601 (Biology 3.1).

Several investigations (or parts thereof) have been used throughout this chapter, particularly for the Questions. 
While some of these investigations may be suitable for Achievement Standard 91601 (Biology 3.1), some are 
not (e.g. they lack a range, are not at Level 8) and should not be used as such. They are simply examples that 
have been used to illustrate or practise specific skills needed.

A suitable investigation
The most important part of the process is selecting a suitable investigation. This involves the following.
•	 Selecting a suitable organism (plant or animal). Plants are relatively easy to manipulate, but take time to 

germinate and grow – some much longer than others – and have seasonal constraints. Animals can yield 
results more quickly, but need to be looked after, and the investigation may be limited due to animal ethics 
requirements.

•	 Selecting a do-able investigation considering the resources available to you. Your school may have limited 
resources available; an investigation of an interaction or relationship out in the field might be more 
suitable. 

•	 Designing an investigation that is at Level 8 of the Biology Curriculum. (A common reason for not achieving 
AS 91601 (Biology 3.1) is that the investigation is too simple, so not at Level 8.) A range is required, for the 
independent variable, of at least four values.
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Aspect 2 ‘Implications’
Implications are consequences relating to the issue. Implications get people talking and debating, as 
individuals have differing opinions about the implications. It can be very difficult to resolve all the implications 
relating to an issue. 
Implications can be: Examples
•	 positive or 

negative
A positive biological implication of establishing a new marine reserve is the 
increased biodiversity found in and around the marine reserve area. A negative social 
implication could be an initial loss of income for people who have relied on fishing 
from the area that is now a marine reserve (note that some implications may be of 
more than one type).

•	 biological A biological implication of IVF is the increased risk of a multiple birth as several 
embryos are placed into the uterus. (For some people, this will be a positive 
implication; for others, it will be negative.)

•	 social The loss of jobs as a result of a new marine reserve would have several social 
implications for the affected communities and families.

•	 ethical Many countries have banned the use of embryonic stem-cell research due to the 
deliberate creation, use and then destruction of human embryos when a human stem-
cell line is created.

•	 economic The overall cost to New Zealand as a result of coronary heart disease (through such 
things as lost revenue through not being able to work, surgery in the public health 
system and follow-up care and medication) has been conservatively estimated at 
around $350 million a year.

•	 environmental Effective biological control of possums will enable native bird populations to increase 
as competition for food will reduce, allowing a greater reproductive rate of native 
birds.

You need to try to find implications of each type (where appropriate). An issue such as coronary heart disease 
will probably not have any associated environmental implications.

Activity 3.2C – Aspect 2 ‘Implications’
1.  For each of the following implications:
	 •  identify the type of implication (biological, social, ethical, economic and/or environmental – some may 

be more than one type of implication)
	 • explain the reason for your choice, and how each implication could be positive or negative.
 a.   Molluscs in the marine reserve grow to a much larger size. Females are more fecund, as large females 

produce more eggs than small ones.

  Implication(s): 

  Explanation: 

 b.   If New Zealand remains GM-free, our clean, green image could be an important marketing advantage. 

  Implication(s): 

  Explanation: 

Ans. p. 287
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Actograms
The following actogram was recorded for a cockroach under laboratory conditions. Recordings were made for 
21 days. Prior to, and including, Day 1, the cockroach was exposed to a 12 Light : 12 Dark regime. On Day 2, 
the twelve hours of darkness were moved forward by 9 hours. On Day 15, the light was turned off and the 
cockroach was exposed to constant darkness for the rest of the experiment.

Light regime
Day 1 

Days 2–14

Days 15–21

Day 1 

Day 10

Activity onset occurs when light (zeitgeber) out; 
animal nocturnal as night active

Phase shifting:
activity onset moves 
forward each day

Activity onset now 
synchronised to new 
time of lights off; 
activity is entrained 
Days 8–14

Day 15

24 hours

light

light

Activity pattern 
beginning to become 
arrhythmic as it begins 
to break down 

Cockroach activity now 
free running (no zeitgeber) 
from Day 15;
free running period > 24 
hours as onset of activity 
moves backwards

Activity 3.3B – Timing responses (1)
1.  Give the meaning of the bolded term in the sentences following.
 a.  Male Sylvia warblers held in constant conditions exhibited a circannual rhythm in testicular growth.

 b.  Cockles live in intertidal sand flats. In constant conditions, feeding activity of cockles is circatidal. 

 c.   In New Zealand, the activity pattern of weta is nocturnal, that of butterflies is diurnal, that of native 
New Zealand bats is crepuscular.

 d.  Puriri moths display nocturnal activity. They also have a circadian rhythm of activity.

Ans. p. 288
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Plant responses
Plants are fundamentally different from animals in their organisation and way of life. Plants are autotrophs, 
making food from photosynthesis in the chloroplasts of their cells. Plant structures and functions are adapted 
for photosynthesis directly or indirectly. Plants have to be able to obtain light, minerals, water, CO2 and O2 from 
their environment and need a large surface in relation to their volume to do this efficiently. This is achieved by 
having a finely divided body shape. Plant cells are surrounded by a cellulose cell wall which prevents the rapid 
movements typical of animals.

Growth movements – typically slow, brought about by changes in cell size and shape, e.g. tropisms.

Turgor movements – brought about by changes in water content of cells, e.g. nastic movements. Turgor 
movements are typically fast (and reversible).

Of the main groups of plants, only angiosperms (the flowering plants) will be considered. Angiosperms 
reproduce sexually using flowers. Seeds develop from fertilised ova and germinate into seedlings in suitable 
conditions (warmth, oxygen, moisture). Under the influences of environmental conditions and hormones, 
seedlings grow into mature plants and reproduce. Life cycles may be annual (completed in one year); biennial 
(completed in two years); or perennial (last more than two years). Plants may display daily and/or annual 
behaviours (e.g. flowering) in response to changes in photoperiod.

Plant competition
All plants have the same needs from their environment – sunlight, water, minerals, CO2, O2, living space 
(usually in soil). Both interspecific and intraspecific competition occurs when any of these factors are in short 
supply. Stratification in forests is in response to competition for light. Epiphytes (perching plants , e.g. New 
Zealand Astelia lilies) and lianes (climbing plants or vines , e.g. New Zealand supplejack, bush lawyer) grow on 
or up another tree to reach areas of higher light intensity. Plant parasites produce haustoria to tap into a host 
plant’s xylem and/or phloem.

Allelopathy occurs when a plant (species) is able to produce and release a chemical that prevents or inhibits 
the growth of other (intolerant) plant species in the area around it. This is an effective way of reducing 
interspecific competition; allelopathy is reasonably common (i.e. selected for in evolution).

Activity 3.3U – Plant competition
1.  Plum trees are affected by silver leaf disease caused by a fungus, Chondrostereum purpureum. Affected plum 

trees which are inoculated with a culture of another fungus called Trichoderma viride recover from the disease 
and are protected from further infection.

 a. Identify, with a reason, whether the relationship is parasitism, mutualism or commensalism between:

  i.  Chondrostereum purpureum and plum trees 

  ii.  Trichoderma viride and plum trees. 

 b.  Describe two ways in which T. viride could be affecting C. purpureum.

2.  The table shows succession on the moraine from the Franz Josef glacier on the West Coast of the South Island.

Ans. p. 295



Biology 3.4 Internally assessed 
3 credits

Demonstrate understanding of how an animal maintains a stable 
internal environment

AS 91604

Achievement Standard 91604 (Biology 3.4) focuses on the internal control processes and mechanisms for 
maintaining a stable internal environment despite fluctuations in the external environment – this is the process 
of homeostasis. 

Assessment for AS 91604 (Biology 3.4) requires understanding of one control system, selected from:
•	 body temperature
•	 osmotic (water) balance
•	 blood glucose levels
•	 respiratory gas levels in tissues
•	 blood pressure.

Any appropriate animal / animal group may be selected for investigation. While the principles of homeostasis 
and feedback control are applicable to many groups, the content in this chapter will use humans as a specific 
example of mammal homeostatic mechanisms.

Homeostatic feedback mechanisms
Body cells function efficiently within a narrow range of conditions (e.g. pH, osmotic pressure, temperature) 
– the internal environment must be kept relatively constant. Maintaining a (dynamically) stable internal 
environment is known as homeostasis; the body has complex feedback control systems (homeostatic 
mechanisms) to maintain homeostasis / keep the internal environment constant. Feedback control systems 
depend on different body systems / organs working together.

Homeostatic feedback control systems are typically cyclical, involving:
•	 input (also known as a stimulus) from the internal or external environment
•	 receptors / sensors – sensory nerves / organs
•	 controller – usually the brain (especially the hypothalamus)
•	 effectors – glands / muscles / organs
•	 output – the response / action of the effector.

Feedback control mechanism are typically represented by flow diagrams; an example follows.
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Main mechanisms in feedback control of body temperature

Skin blood vessels dilate 
– capillaries fill with ‘heated’ 

blood; heat radiates from 
skin surface

Body 
temperature reduced 
– negative feedback  

switches off  
cooling mechanisms

 
Sweat glands 

produce sweat;  
evaporative cooling  

occurs

 
Temperature  

receptors in hypothalamus 
activate cooling  

mechanisms

Homeostasis 
Body temperature: 

• High, e.g. exercise, in hot environment 
• Low, e.g. cold environment

Skin 
 blood vessels 

constrict – blood diverted from 
skin to deeper tissue, reducing 

heat loss from skin  
surface

Body temperature 
increased – feedback switches 

off warming mechanisms

Skeletal muscles 
involuntarily begin to move – 

shivering – creates heat

 
Temperature  

receptors in hypothalamus 
activate warming  

mechanisms

Activity 3.4D – Controlling body temperature
1. Complete the table following to:
	 • identify the type of adaptation (structural/physiological/behavioural)
	 • identify the type of evolution – whether biological evolution, cultural evolution, or both. 

Mechanism Type of adaptation Type of evolution

Clothing and shelter

Food and drink

Lengthening / shortening extremities

Exercising

Sweating

Vasoconstriction / vasodilation

Increase / decrease in metabolic rate

Ans. p. 299
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Convergent evolution and parallel evolution
In convergent evolution, species have different (unrelated or very distantly related) ancestral starting 
points, but they evolve similar adaptations because they occupy similar ecological niches. These ecological 
equivalents have an adaptation that performs the same or a similar function – e.g. fins/flippers of mammals 
(whales), reptiles (turtles) and birds (penguin) are all used to propel the organism through the water.

Homologous organs have a similar origin and 
structure (but often different function) – e.g. wings 
on reptiles (pterodactyl), mammals (bat) and birds all 
have similar bone structure. They have evolved from 
a common ancestor. Homologous organs provide 
evidence for divergent evolution.

Pterodactyl

Bat

Insect

Bird

Bird

Organs that have the same function because of similar 
selection pressures, but have different structure, are 
analogous organs – e.g. wings of insects and birds. 
They do not have a common ancestor. Analogous 
organs provide evidence for convergent evolution.

Parallel evolution occurs when species that share a common ancestor but are not closely related evolve in a 
similar way independently of each other – e.g. different species of New Zealand alpine buttercups (Ranunculus) 
have independently developed similarly shaped seeds.

Extinction
Extinction leaves niches empty for other organisms to fill. Extinction can be rare or frequent within a group, or 
it may occur in many species at once (mass extinction). More than 99% of all species that once lived are now 
extinct.

Activity 3.5I –  Patterns of evolution: divergent and convergent 
evolution

1.  For each of the following diagrams, write the name of the evolutionary pattern shown (A and B = ancestral 
species).

A A B A B A

a. b. c. d. 
2.  There is debate over whether ratites (a group of flightless birds) lost their ability to fly, or could never fly. One 

idea is that ratites once shared a common flightless ancestor. They then dispersed and evolved in geographic 
isolation, so that modern ratites (emu, ostrich, kiwi, etc.) are all very different from one another. However, a 
researcher in America has suggested each species became unable to fly after evolving from ancestors that 
could fly. 

Ans. p. 306
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A comparison of the ape and the modern human brain and face

brow ridge

sloping face

chin

Modern humanGorilla

chin

temporal lobe

parietal lobe

frontal lobe

cerebellum

Other changes
•	 Larger brains meant human babies had bigger skulls. Females with a short, wide pelvis could give birth to 

such babies more easily than could those with the ape-like pelvis. 
•	 A reduction in body hair for humans meant more heat could be radiated away from the body – and there 

are fewer parasites on less hairy animals. (Head hair was kept, possibly as a protection from the sun.)
•	 The relatively hairless body of humans meant babies could not easily cling to mothers but had to be 

carried.

Activity 3.6D – Teeth, jaws and brain
1.  Give four ways human teeth and jaws differ from those of apes.

2.  Give the biological aspects, other than skeletal aspects, that provide evidence of a close relationship between 
modern humans and chimpanzees.

3.  Use the information in the 
diagrams to answer questions  
a., b. and c.

 Note: The skulls are not drawn to 
the same scale.

Homo sapiens Homo erectus Chimpanzee

 a.  Identify a physical characteristic that the Homo erectus skull has in common with the chimpanzee skull, 
thus illustrating a common ancestry.

Ans. p. 309



266  Achievement Standard 91607 (Biology 3.7)
AS

 9
16

07

adult Finn Dorset ewe

nucleus 
donor

donor cells removed 
from mammary

donor cells  
(in normal 
growth cycle) donor cells 

‘starved’

culture medium 
low in nutrients

cytoplasm nucleusDNA

egg cell donor

egg  
cell 

removed

cytoplasm
nucleus

DNA
micropipette

nucleus removed

enucleated (‘no 
nucleus’) egg cell

cell 
fusion

fertilisation

electrical pulse

mitotic cell division

implantation 
of embryo

adult Scottish Blackface ewe

Dolly (Finn Dorset 
clone lamb)

Since ‘Dolly’, cows, goats, pigs, rabbits, cats, dogs and rhesus macaque monkeys have all been successfully 
cloned. Cloning may also be used in conservation – e.g. cloning of surviving members of endangered species 
to increase populations, thus reducing chances of extinction. In New Zealand, the last member of the Enderby 
Island cattle breed (a cow, ‘Lady’) was cloned in 1998 (producing a daughter ‘Elsie’) so the breed was saved 
from extinction.

Activity 3.7F – Cloning of organisms
1.  Define the following terms:

 a.  selective breeding

 b.  explant

 c.  callus

 d.  enucleate.

2.  a.   Micropropagation is a cloning process which requires a culture medium, a controlled environment, 
treatment with growth regulators.

Ans. p. 316
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moving within an angle of 90° (from about 45° to about 
135° if the container is regarded as having 0° starting at 
‘9 o’clock’) down the slope (and 20 reaching the perimeter), 
compared with only 9 moving within an angle of 90° (from 
about 225° to about 315°) down the slope when angled 
towards the dim half (2 moved up the slope and the rest 
moved within 180° to 360°).

  iii.   Loggerhead turtles move down a slope rather than up 
a slope and this response persists in bright and dim 
conditions, but is stronger in bright conditions.

2.  a.   Hypothesis: That dominant male possums will produce more 
pregnancies / breed more often than subordinate male possums.

 b.  
Non-vasectomised pens

Vasectomised pens
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 c.   Pens with vasectomised possums produced no pregnancies 
post-treatment / pregnancies in non-vasectomised pens increased 
post-treatment.

 d.   Dominant males breed more successfully than subordinate males. 
A dominant male prevented a subordinate male from breeding 
even when vasectomised, as shown by the results of Group B.

Activity 3.1K – The discussion (page 21)
1.	 •  The processed data have not been adequately used. It is not 

sufficient to say ‘more’ or ‘fewer’. The specific data must be used 
to fully explain the results. For example, ‘The slaters preferred 
a temperature of around 10 °C, as, on average, the greatest 
number of slaters were found in this temperature (mean = 19). 
Mean numbers of slaters decreased below and above this 
temperature, with no slaters being found at 30 °C and only five 
at 0 °C …’.

	 •  There is no specific information about how slaters lose water and 
why they desiccate at higher temperatures. Information about the 
physiology of slaters is required, how slater physiology is linked 
to where they naturally live, and how the processed data shows 
this.

	 •  There is a lot of repetition, indicating that the student is trying to 
‘trick’ the assessor into thinking this is a discussion. 

	 •  At ‘Merit’ level, a reasonable use of biological language would 
be expected (e.g. thermotaxis, permeable exoskeleton, surface 
area:volume ratio, etc.); no biological language has been used.

2.  The evaluation needs to be in terms of what was done to ensure the 
results are reliable. This evaluation talks about why the results may not 
be. For example, despite ‘… several trials … there may still have been 
some slight variation in …’ some of the controlled variables. Better to 
say, ‘Several trials were carried out, and, as a result any variation in 
the controlled variables was virtually eliminated’, and ‘The slaters were 
kept in conditions that resembled their natural habitat as closely as 
possible.’

Achievement Standard 91602 
(Biology 3.2)
Activity 3.2A – A contemporary biological issue (page 24)
1.  a.  Not appropriate.

 b.  Appropriate. 

   Plenty of information on all three aspects.

 c.   Appropriate. 

Plenty of associated implications and differing opinions or 
viewpoints. Care will need to be taken to find sufficient 
biological information so that the research isn’t just about the 
process of fluoridating water.

 d.  Not appropriate.

 e.  Appropriate. 

   Plenty of information on all three aspects and a specific issue.

 f.  Not appropriate.

2.  a.   Topic is too broad and will need to be narrowed down into one 
of the technologies.

 d.   Too broad. Needs to be refined so that research focuses on all 
three aspects, not just the biology. If emphasis was on biological 
control of possums, it would be a good topic.

 f.  Not an issue, but a medical technology. 

Activity 3.2B –  Aspect 1 ‘Biological concepts and 
processes’ (page 25)

1.  C 2.  C 3.  P 4.  P 5.  C
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 The equilibrium reactions can go in either direction, depending on the 
concentrations of the chemicals. For example, if the blood becomes too 
acidic:

•	 an increase in the breathing rate removes CO2

•	 to replace the ‘lost’ CO2, H2CO3 breaks down

•	 to replace the ‘lost’ H2CO3, H
+ ions combine with HCO3

– ions – it 
is this ‘loss’ of H+ ions which reduces pH (i.e. blood now less 
acidic).

Activity 3.4K – Control of respiratory gases (page 150)
1. a. 

glucose + oxygen
carbon 
dioxide

+ water (+ ATP + heat energy)

C6H12O6 + 6O2 6 CO2 + 6 H2O (+ ATP + heat energy)

b. Increased tissue activity (e.g. muscle contraction) increases 
demand for ATP. Increased oxygen is needed by the cells so 
glucose can be broken down to provide more ATP, as ATP 
supplies run out with prolonged activity. Oxygen saturation of Hb 
returning to alveoli falls. Increased respiration releases more CO2 
into blood, increasing CO2 levels and decreasing pH. Ventilation 
increases to remove the excess CO2 and to supply needed O2.

c. Heat energy produced in respiration used homeostatically to 
maintain core body temperature.

2. a. Between pH 7.35 and 7.45

b. Increasing levels of CO2 are detected by receptors in the blood; 
the sympathetic branch of the ANS stimulates ventilation to 
remove CO2 via the lungs.

3. Increased cellular respiration increases temperature and CO2 levels 
while pH is lowered. These conditions stimulate the RBCs to produce 
more 2,3-diphosphoglycerate. This acts to alter the shape of Hb 
molecules, resulting in their releasing O2 more readily, so more O2 
becomes available for use in respiration.
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5. Breathing is under conscious control as we are able to deliberately 
alter ventilation (e.g. by holding our breath, increasing length and 
depth of each breath). However, the main control is unconscious 
control (by ANS), as homeostatic mechanisms act to automatically 
alter the ventilation rate in accordance with feedback received from 
chemosensors in the blood.

Achievement Standard 91605 
(Biology 3.5)
Activity 3.5A – Evidence for evolution (page 157)
1. Fossils are the remains of living things (e.g. bones / shells / parts 

resistant to decay) or their traces (e.g. footprints / burrows) that have 
(usually) been preserved in rocks. Many fossils are stone impressions 
which result from gradual replacement of organic matter with minerals. 
Other fossils are just carbon impressions.

2. a.  Fossils form in sedimentary rocks; sediments build up in layers over 
time, so deeper layers are older therefore have older fossils in them 
(providing there are no earth movements from earthquakes, etc.).

b.  Photosynthesis is the process in which ‘food’ (glucose) is made 
from CO2 and H2O using solar energy (autotrophy); it is how 
chemical energy (food) is produced for nearly all life forms; nearly 
all food chains are dependent on photosynthesis. Therefore, 
photosynthesis needed before heterotrophs can develop.

c. The building blocks of organisms are cells. Simple organisms may 
be just one cell or cells joined together to form simple systems. 
Complex organisms are built of cells, but these form complex 
systems. Complex systems develop from simpler systems; hence, 
simple forms pre-date complex forms in the fossil record.

d. Plants photosynthesise so are the producers for (most) food 
chains; animals are heterotrophs (herbivores, carnivores) so are 
dependent on plants to supply organic matter they need to eat. 
Hence plants pre-date animals in fossil record.

3. Homologous organs have the same basic structure which has been 
modified to perform different functions (e.g. mammal forelimb). 
Homologous structures have the same origin, so provide evidence of 
evolution from a common ancestor (an example of divergent evolution).

4. Vestigial organs are organs that have become so reduced they no 
longer function (e.g. pelvic girdle of whales). They have the same 
origin as fully functional organs in related organisms (e.g. pelvic girdle 
of whales and pelvic girdle of mammals with hind legs) so are also 
homologous so also provide evidence of evolution from a common 
ancestor (why would a vestigial organ be present if it was once not 
fully functional?).

5. New Zealand has been isolated from other land masses for 80 my, 
preventing gene flow with ancestral forms on these other land masses. 
Changes in the New Zealand land mass over time has created selection 
pressures resulting in the evolution of unique life forms.

6. Protea ancestor evolved on the Gondwana land mass. Protea plants 
dispersed as land masses that became South Africa, South America 
and Australia formed when Gondwana broke up; Protea evolved into 
modern-day Protea in these locations.

7. The structure and function of DNA and the expression of genes is 
universal in all organisms, providing evidence of common ancestry. The 
more closely related groups of organisms are, the fewer differences in 
their DNA / genes / genome as well as their proteins; again indicates 
common ancestry. The occurrence of genes such as Hox genes across 
many different lineages adds further support for the concept of common 
ancestry.

Activity 3.5B – Evolution in New Zealand (page 159)
1. Snakes either had not evolved as a group when New Zealand 

separated from Australia or they were not present in the geographical 
area that separated to become New Zealand 80 mya or they became 
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