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NCEA Level 3 Biology material covered in this chapter includes material for Achievement 
Standard 91602 (Biology 3.2) ‘Integrate biological knowledge to develop an informed 
YLZWVUZL�[V�H�ZVJPV�ZJPLU[PÄJ�PZZ\L»��;OPZ�JOHW[LY�SVVRZ�H[!
�� �PU]LZ[PNH[PUN�H�ZVJPV�ZJPLU[PÄJ�PZZ\L�HUK�\ZPUN�IPVSVNPJHS�RUV^SLKNL�[V�^YP[L�H�

comprehensive informed discussion from a personal and societal point of view.

Introduction
Achievement Standard 91602 (Biology 3.2) involves processing information on a current 
ZVJPV�ZJPLU[PÄJ�issue to present an informed response to the issue. You must process and 
evaluate information on the issue with guidance from your teacher. This means that your 
teacher cannot tell you what to do, but is able to provide:

�� WHYHTL[LYZ�MVY�[OL�YLZLHYJO�¶�Z\JO�HZ�[PTL�MYHTL��MVYTH[�VM�[OL�ÄUHS�YLZWVUZL��L�N��
formal written report, seminar, report for a newspaper such as the New Zealand 
Herald, PowerPoint™ presentation for a suitable audience, DVD); discuss a suitable 
format with your teacher

�� YLZV\YJLZ�VY�ZV\YJLZ�VM�PUMVYTH[PVU�¶�[OLZL�TH`�IL�secondary (e.g. websites, journals, 
newspaper articles, DVDs, social media) or primary (interviews, lectures, public 
meetings, unpublished reports); you need to record all the sources of information that 
you use, as you use them, as these will need to be included with your assessment

�� H�SPZ[�VM�Z\P[HISL�[VWPJZ�MYVT�^OPJO�VUL�PZ�JOVZLU�¶�H�ZVJPV�ZJPLU[PÄJ�PZZ\L�PZ�VUL�
that is science-based and is currently a ‘hot topic’ in the community as it has people 
[HSRPUN�HIV\[�P["�[OL�PZZ\L�WYV]VRLZ�JVU[YV]LYZ`�JVUÅPJ[�HUK�WLVWSL�OVSK�KPMMLYPUN�
�VM[LU�JVUÅPJ[PUN��]PL^WVPU[Z�VY�VWPUPVUZ�VU�[OL�[VWPJ�

Your teacher cannot provide assistance in the form of templates for the structure of the 
YLZWVUZL��VY�NP]L�ZWLJPÄJ�MLLKIHJR�VU�[OL�^VYR�PU�WYVNYLZZ��The investigation must be 
student driven.

:VJPV�ZJPLU[PÄJ�PZZ\LZ
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The issue selected must be contemporary (i.e. is current) and one that has direct relevance 
to New Zealand. Examples of suitable current issues include:

�� PU[YVK\JPUN�K\UN�ILL[SLZ�[V�WYVJLZZ�WHZ[VYHS�K\UN
�� ^OHSPUN�PU�[OL�ZV\[OLYU�VJLHUZ���(U[HYJ[PJ�ZLHZ
�� TPUPUN�MVY�TPULYHSZ���JVHS���YHYL�LHY[O�TL[HSZ���L[J�
�� \ZL�VM�O`KYH\SPJ�MYHJ[\YPUN��MYHJRPUN��PU�VPS�L_WSVYH[PVU�HUK�L_[YHJ[PVU
�� \ZL�VM�^H[LY^H`Z�MVY�PYYPNH[PVU�VM�MHYTSHUK
�� WVSS\[PVU�VM�^H[LY^H`Z�I`�MHYTPUN�WYHJ[PJLZ
�� JSPTH[L�JOHUNL��ºNSVIHS�^HYTPUN»�
�� \ZL�VM������PU�WVZZ\T�JVU[YVS
�� \ZL�VM�OVYTVUHS�NYV^[O�WYVTV[HU[Z��/.7Z��PU�SP]LZ[VJR
�� HKKP[PVU�VM�MVSPJ�HJPK�[V�IYLHK
�� Å\VYPKH[PVU�VM�KYPURPUN�^H[LY
�� NLUVTL�HUHS`ZPZ���NLUL�WYVÄSPUN�HUK�P[Z�\ZL�PU�O\THUZ
�� WYVK\J[PVU�VM�NLUL[PJHSS`�TVKPÄLK�JYVWZ�HUPTHSZ�
There will be other suitable issues; if you want to investigate an issue that is not on an 
‘approved’ list, then you will need to discuss this with your teacher to make sure that it 
meets the requirements of AS 91602 (Biology 3.2).

(�ZVJPV�ZJPLU[PÄJ�PZZ\L�OHZ�biological (ZJPLU[PÄJ) implications as well as social 
implications. Implications may be positive or negative. If an issue is broad, try to narrow it 
down – e.g. relate it to your community or local area where possible (the issue must be 
applicable to New Zealand / have a New Zealand basis) as this will make it easier and 
more relevant to you. Examples follow.

�� �Irrigation or pollution of New 
Zealand waterways – focus 
on your local region (e.g. 
Northland, Waikato, Canterbury 
plains, Taranaki, Southland) or 
local area within a region.

�� Climate change / global warming – a global issue, needs to be directed to likely 
changes and impacts on New Zealand.

�� Whaling – another very large-
scale issue and needs to have 
a New Zealand basis (e.g. the 
whales that frequent our waters / 
southern oceans / Antarctic seas 
(remember the migratory nature 
of whales)) and the organisations 
that hunt whales and the 
organisations that act to stop 
whaling

Focusing on your local region or local area within a 
region also can be applied to a mining investigation 
(e.g. Denniston plateau – near Westport) or the use 
of 1080 in possum control (e.g. Westland).

Just under a thousand pilot whales 
are killed each year on the Faroe 
Islands, Denmark.

7PSV[�^OHSLZ

4300 L3 Biology SG 2013 BookNZ.indd   20 30/10/13   3:36 pm



© ESA Publications (NZ) Ltd, Customer freephone: 0800-372 266

*OHW[LY��!�(�ZVJPV�ZJPLU[PÄJ�PZZ\L� � 21

*
OH
W[
LY
��

�� .LUL[PJ�TVKPÄJH[PVU – do either crops or 
HUPTHSZ��[OLU�NV�PU[V�KL[HPS�MVY�H�ZWLJPÄJ�
5L^�ALHSHUK�JHZL�¶�L�N��HU�PKLU[PÄLK�
TVKPÄJH[PVU�VM�H�UHTLK�WSHU[�HUPTHS��Z\JO�
as genetically engineering dairy cows by 
scientists at AgResearch to produce hypo-
allergenic, high-protein milk).

Sources of information
You will need to access as wide a range of sources of information as possible to get a 
complete picture of the biology and a range of viewpoints, implications, and opinions. 
Sources often lead to other sources – it can take time to locate then process the 
information. Good sources of information include the following.

� Libraries – school, public and tertiary institutes. School libraries often have a vertical 
ÄSL�VM�JSPWWLK�UL^ZWHWLY�HY[PJSLZ�[OH[�SPIYHYPHUZ�[OPUR�TH`�IL�\ZLM\S�MVY�Z[\KLU[Z��
While you probably cannot borrow from a tertiary library, they are excellent places to 
ÄUK�QV\YUHSZ��WLYPVKPJHSZ�HUK�[L_[IVVRZ�

� Newspaper and magazine articles – can be a bit ‘light’ on biological information, but 
often present a range of implications and opinions on an issue. They may be biased 
(depending on the type of publication).

� Journals and periodicals – excellent sources of biological information but they can 
be very hard to read due to technical terms and jargon used. They are very up-to-date 
and their validity is assured if they are a major publication.

� Television programmes – similar in nature to newspaper and magazine articles (they have 
to be understood by the layman), but are often very up-to-date and easy to understand. 

� The Internet – has a wealth of information on many issues. Check the validity of any 
information, as anybody can put an article on the Internet and it does not need to be 
reviewed or checked by an independent party.

� Government departments and research institutions – excellent sources of biological 
information as well as implications and opinions. Validity of the information can 
generally be assured, and they often publish very accessible material on the Internet.

� Societies and interest groups – will most likely present information that suits their 
purpose, i.e. is biased. However, you need to consider their views and opinions so 
`V\�JHU�OH]L�H�Q\Z[PÄLK�VWPUPVU�HIV\[�[OL�PZZ\L�`V\YZLSM�

Have a book or folder divided up into sections (covering biology, implications and 
opinions) in which information is jotted down as you come across it, particularly for 
journals or periodicals that cannot be removed from their place of origin. You will need to 
be prepared to hand in your folder of (processed) resources together with your assessment 
report or presentation to provide evidence of your research and processing and to provide 
authenticity for your assessment.

Always fully reference sources�¶�P[�JHU�IL�]LY`�KPMÄJ\S[�[Y`PUN�[V�YLTLTILY�L_HJ[S`�^OLYL�
`V\�NV[�[OL�PUMVYTH[PVU�MYVT�VUJL�P[�JVTLZ�[PTL�[V�JVTWPSL�`V\Y�ÄUHS�WYVQLJ[�

Processing information
The resource material you have collected, or that has been provided by your teacher, will 
need to be processed to select and collate the following relevant information relating to 
the issue:

If NLUL[PJ�TVKPÄJH[PVU is chosen as the 
issue for the investigation in AS 91602 
(Biology 3.2), the assessment task may 
also be able to be used to provide 
evidence for AS 90617 (Biology 3.7). 
Discuss this with your teacher.
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�� IPVSVNPJHS�JVUJLW[Z�HUK�WYVJLZZLZ
�� IPVSVNPJHS�HUK�ZVJPHS�PTWSPJH[PVUZ
�� KPMMLYPUN�VWPUPVUZ�HUK�]PL^WVPU[Z�

Biological concepts and processes relating to the issue
Biological concepts and processes relating to the issue must be from reputable sources. 
Biological concepts are the biological ideas or facts related to the issue. Biological 
processes are the techniques or procedures carried out, or things done. Models, 
(annotated) diagrams, tables, graphs may be needed or used. Examples follow.

�� .LUL[PJ�TVKPÄJH[PVU might include descriptions and explanations of things such 
as gene cloning, PCR, transgenesis (pronuclear injection, Agrobacterium), etc. as 
HWWSPJHISL�[V�[OL�TVKPÄJH[PVU��(UUV[H[LK�KPHNYHTZ�^PSS�IL�LZZLU[PHS��[OL�ZV\YJL�VM�
these must be given).

�� 1080 control of possums will need to include descriptions and explanations of 
why possums are a pest and why they need controlling (consider New Zealand 
ecosystems); methods of control; detail on 1080 including how it works, how it is 
broken down, its effectiveness. Provision of relevant data (e.g. population numbers 
VM�YLSL]HU[�ZWLJPLZ�PU�ZWLJPÄLK�HYLH�Z���^PSS�IL�ULLKLK�¶�\ZL�[HISLZ�HUK�VY�NYHWOZ�PM�
possible (the source of these must be given).

�� Pollution of waterways by farm practices will need names and sources of pollution; 
why the (named) pollutant(s) is a pollutant and explanations of the harm it is doing to 
the waterway/ecosystem. Reasons for control of pollution are needed. Relevant data 
on pollutants, levels and damage to (named) waterways, will need to be provided – 
use tables and/or graphs if possible (the source of these must be given).

Biological and social implications related to the issue
Implications�HYL�[OL��WVZZPISL��ÅV^�VU�LMMLJ[Z�MYVT�JHYY`PUN�V\[�[OL�IPVSVNPJHS�
procedure(s) – e.g. the effects from using 1080 to control possums; the effects of using 
water from waterways to irrigate farmland.

Biological implications may be environmental, ecological, genetic, or evolutionary. Social 
implications may be economic, ethical, or cultural. Implications cause concern to people 
and may affect people in different ways. You need to consider a range of implications and 
compare�[OLPY�ZPNUPÄJHUJL��5V[L�[OL�504)@��5V[�0U�4`�)HJR�@HYK��Z[HUK"�THU`�WLVWSL�
will support an issue provided it does not occur in their back yard / local community and 
so impact directly on their lifestyle (e.g. opposition to wind farms – they are seen as being 
ugly, spoiling the local views/scenery and cause noise pollution when operating).

�� Biological implications of pollution of waterways by farm practices may include 
changes in the abiotic environment (salinity, pH, O2, CO2, nutrients) and biotic 
environment (numbers of named plants and animals, micro-organism populations 
(especially decomposers)) of the waterway and eutrophication and the likely effects of 
these changes to the waterway(s) and ecosystem(s). Social implications of pollution of 
waterways by farm practices may include the costs to the farmer(s) and communities 
of reducing/controlling/removing pollutants and the cost to the community / country 
of not removing or controlling the pollution, effect on community of polluted 
waterways (e.g. water not safe to drink, swim in or use for other recreational purposes, 
unsightly and/or smelly waterways, damage to country’s reputation (‘clean, green, 
100% pure’); waterways are an essential part of our taonga as New Zealanders.

4300 L3 Biology SG 2013 BookNZ.indd   22 30/10/13   3:36 pm



© ESA Publications (NZ) Ltd, Customer freephone: 0800-372 266

NCEA Level 3 Biology material covered in this chapter includes material for Achievement 
Standard 91604 (Biology 3.4) ‘Demonstrate understanding of how an animal maintains a 
stable internal environment’. The chapter looks at:
�� [OL�HKHW[P]L�ZPNUPÄJHUJL�VM�THPU[HPUPUN�H�Z[HISL�PU[LYUHS�IVK`�[LTWLYH[\YL�LU]PYVUTLU[
�� [OL�IPVJOLTPJHS�HUK�IPVWO`ZPJHS�WYVJLZZLZ�PU]VS]LK�PU�[OL�JVU[YVS�VM�IVK`�[LTWLYH[\YL
�� OV^�L_[LYUHS�HUK�PU[LYUHS�PUÅ\LUJLZ�HMMLJ[�[OL�JVU[YVS�VM�IVK`�[LTWLYH[\YL�

It is recommended that you read Chapter 10: Homeostasis – an overview in 
conjunction with this chapter.

The body temperature of homeotherms (warm-blooded animals) is automatically 
controlled in a thermostatic manner not unlike that of an oven. The body temperature of 
poikilotherms (cold-blooded animals) changes as a result of the external environmental 
temperature. Homeotherms are often called endotherms, since the source of their body 
heat is internal (endo), while poikilotherms are also called ectotherms, since the source of 
their body heat is the environment (ecto meaning ‘external’).

Trichosurus vulpecula��WVZZ\T��PZ�HU�LUKV[OLYT��3P[VYPH�H\YLH��NYLLU�HUK�NVSKLU� 
ILSS�MYVN��PZ�H�WVPRPSV[OLYT

Regardless of whether an animal is a homeotherm or poikilotherm, all animals must 
regulate their body temperature within a certain range, because:

�� TL[HIVSPJ�LUa`TLZ�HYL�denatured (their chemical structure is destroyed) at 
temperatures higher than the normal range

�� LUa`TL�HJ[P]P[`�PZ�[VV�SV^�H[�SV^LY�[LTWLYH[\YLZ��HUK�PTWVY[HU[�TL[HIVSPJ�YLHJ[PVUZ�
will occur too slowly for the animal to be able to function.

Humans have a normal (core) body temperature range of around 36.1 °C to 37.8 °C. This 
range is quite variable, and can depend on age; gender; time of day; illness (e.g. fever); how 
hungry or tired a person is. Body temperature also varies between parts of the body – the 
extremities (arms, legs, nose, ears) can vary considerably in their temperature, while the 
core remains stable. Hypothermia can occur when the core body temperature drops to 
below 35 °C, hyperthermia can occur when the core body temperature rises above 38.3 °C.

Homeostatic control of body temperature

*/(7;,9

11
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Heat production and loss
Thermoregulation is the ability to keep the body temperature within certain boundaries, 
achieved by structural, physiological and behavioural mechanisms. In humans, these may 
result from both biological and cultural evolution.

Thermogenesis is the process of heat production within organisms and occurs mainly as 
a result of exothermic (release heat energy) metabolic reactions from cellular respiration 
and digestion (in organs such as the intestines, liver, heart and brain). When these 
reactions occur when the individual is at rest, they are collectively known as the basal 
metabolic rate (BMR). Stresses on the body – such as exercise, or the preparations for a 
ºÄNO[�VY�ÅPNO[»�LTLYNLUJ`��MYVT�YLSLHZL�VM�HKYLUHSPU� – increase the BMR and so increase 
heat production, resulting in a rise in body temperature.

Humans can lose or gain body heat in four main ways.

�� �Conduction – if a body surface comes into contact with an object or substance cooler 
than itself, body heat is lost to the object or substance by conduction. Conversely, if 
a body surface comes into contact with an object warmer than itself, heat energy will 
be gained by conduction.

,_HTWSLZ
Holding onto a metal bar or sitting on a metal seat on a cold day soon results in cold 
skin as the metal conducts heat away from the skin; cold skin can be warmed up by a 
hot-water bottle. Body heat is also transferred by conduction when cold food or drink 
enters the stomach, or cold air enters the lungs. Liquids conduct heat more quickly than 
gases – a person loses body heat more quickly in cold water than in (still) cold air.

�� Convection – when air moves across skin, it takes with it, by convection, the warm, 
‘insulating’ air that has been heated by the skin.

�� ,]HWVYH[PVU�– any moisture in the body (lungs, nasal passages) or on the body (skin) 
exposed to the air can evaporate, and in doing so absorbs (latent) heat from the body.

*
OHW[LY���
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�� Radiation – warm objects such as the human body emit radiant heat, and the human 
IVK`�JHU�HSZV�HIZVYI�YHKPHU[�OLH[�MYVT�V[OLY�VIQLJ[Z��Z\JO�HZ�H�ÄYL�VY�[OL�:\U�

The controller
Poikilotherms generally manage their body temperatures 
through behavioural adaptations:

�� [OL`�TV]L�[V�HYLHZ�[OH[�HYL�^HYT��[OL`�IHZR�PU�[OL�LHYS`�
morning Sun and shelter in the heat of the day – e.g. all 
lizards (geckos, skinks) and snakes

�� [OL`�HKQ\Z[�[OL�WVZP[PVU�VY�VYPLU[H[PVU�VM�[OLPY�IVK`�^P[O�
respect to the heat source.

Homeotherms have structural, physiological and behavioural 
adaptations that ensure a relatively constant internal body 
temperature regardless of the external temperature.

The human ‘thermostat’ is the hypothalamus, 
�ZWLJPÄJHSS`�[OL�WYLVW[PJ�HYLH�VM�[OL�HU[LYPVY�
hypothalamus), located at the base of the brain 
just above the pituitary gland. Here, nerve cells 
called thermoreceptors detect changes to the 
core body temperature and send messages to 
various effectors to correct the change.

A deviation from the normal body temperature 
set point results in the hypothalamus correcting 
the deviation by messages it sends out to the 
body. These can be in the form of nerve messages or chemical messages.

�� Thermoreceptors monitor temperature. Two sets occur – one in the skin (especially 
the torso) which monitors the external temperature; the other in internal organs 
such as the bladder as well as the hypothalamus itself. Nerves send messages from 
thermoreceptors to the hypothalamus – if the core body temperature increases or 
decreases beyond the set point (37 °C ± 0.7 °C), homeostatic mechanisms act to 
correct the deviation. These nerves are part of the autonomic nervous system (ANS) 
which is the part of the central nervous system (CNS) which is under subconscious 
control. It is the branch of the ANS known as the sympathetic nervous system (SNS) 
which tends to be responsible for the up-and-down regulation of many homeostatic 
control systems. Nerves from the SNS originate from the spinal cord and supply the 
structures in the skin associated with the regulation of body temperature.

�� Hormones are chemical messengers; they take longer to effect a homeostatic response 
than nerve messages (i.e. nerve impulses���/VYTVULZ�HYL�YLSLHZLK�MYVT�H�ZWLJPÄJ�
endocrine gland into the blood plasma where they travel to a target gland, organ or tissue.

The thyroid gland in the neck makes the hormones thyroxine and triiodothyroxine (T3) 
that increase (or decrease as a result of their absence) metabolic reactions (BMR) over 
time. The release of these hormones is controlled by the hypothalamus – it produces 
thyrotropin releasing hormone (TRH) when a decrease in temperature is detected by 
thermoreceptors in the skin. TRH then controls the release of thyroid stimulating hormone 
(TSH) by the pituitary gland. TSH travels in the blood to the thyroid gland to stimulate the 
thyroid gland to produce more thyroxine. High levels of thyroxine in the blood increase 
the BMR, therefore more heat energy is released which raises body temperature. Low 

Greater earless lizard 
basking in the Sun.

hypothalamus

thalamus

pituitary gland
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levels of thyroxine in the blood decrease the BMR, so reducing the amount of heat energy 
YLSLHZLK��YLMLY�ÅV^�KPHNYHT�VU�WHNL������

,WPULWOYPUL�(adrenalin) and norepinephrine hormones act to make immediate changes in 
the skin as a result of short-term changes to body temperature (such as exercise).

The skin
The skin is the major organ involved in regulating body temperature. It has several 
features that work together automatically to correct deviations from the set point.

Malpighian 
layer

sweat pore

pain receptor hair follicle
hair

}

thermoreceptor

epidermis

venulearteriole

nerves
eccrine 
sweat gland capillaries

dermis

fat layer

touch receptor

sebaceous 
gland

piloerector muscle – contracts 
to raise hair, so hair stands upright

Pacinian corpuscle 
(senses pressure)

*YVZZ�ZLJ[PVU�VM�O\THU�ZRPU

�� ;OL dermis contains two types of thermoreceptors, for warmth and cold. Nerve 
impulses from these receptors travel to the hypothalamus, which sends messages to 
the skin, adrenal glands, and behaviour control centre (i.e. brain or equivalent) to elicit 
physiological and behavioural changes to return the body temperature to normal.

�� ,JJYPUL sweat glands are in-foldings of the epidermis that open onto the skin surface 
HUK�OH]L�H�JVPSLK�LUK�PU�[OL�KLYTPZ��;OL`�WYVK\JL�Z^LH[�MYVT�[OL�Å\PK�JVTWVULU[�VM�
blood – sweat is mostly water, plus some salts – as a result of nerve messages from the 
SNS. They are distributed all over the body, but are most concentrated on the hands, 
feet, forehead and back. When body temperature increases, sweat glands increase 
their production of sweat. Sweat evaporating involves a liquid turning into a gas – this 
phase change requires heat energy – the heat energy comes from the skin, the skin 
cools, and energy is conducted from the body to the skin, cooling the body down. 

� :^LH[PUN�PZ�TVZ[�LMÄJPLU[�VU�KY �̀�^PUK`�KH`Z�¶�VU�KY`�KH`Z��[OLYL�PZ�H�NYLH[LY�TVPZ[\YL�
gradient between the air next to the skin and the air in the environment; on windy 
days, the moist air next to the skin is more rapidly removed so more water from the 
skin is lost to replace the air moisture.
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Activity 3: Introducing behaviour (page 38)

1. a.  Habitat describes the particular area/conditions where an organism lives; 
environment describes the broad conditions, comprising both biotic and abiotic 
factors, that impact on an organism in its habitat.

 b.  Biotic factors are the living things in an organism’s environment, such as competitors, 
predators, herbivores; abiotic factors are the non-living things in an organism’s 
environment, such as levels of nutrients, oxygen, water, carbon dioxide, pH.

 c.  0U[YHZWLJPÄJ�JVTWL[P[PVU occurs between individuals of the same species for 
resources; PU[LYZWLJPÄJ�JVTWL[P[PVU occurs between individuals of different species 
for resources.

 d.  Predators are animals that hunt, kill, and eat other animals; herbivores eat plants 
VY�WHY[Z�VM�WSHU[Z��L�N��SLH]LZ���ZLLKZ���ÅV^LYZ���MY\P[��

 e.  Receptors are sensory cells or organs that detect an environmental stimulus such 
as light, vibrations, chemicals; effectors�HYL�[PZZ\LZ�VY�VYNHUZ��Z\JO�HZ�ÅHNLSSH��
muscles, glands) that produce a response to a stimulus.

 f.  Innate behaviour is genetically controlled and so is rigid/stereotyped and does 
not change; learnt behaviour�YLZ\S[Z�MYVT�L_WLYPLUJL��PZ�ÅL_PISL�HUK�YLZWVUKZ�[V�
changes in the environment.

 g.  Fundamental niche, which is typically set by abiotic factors (and an organism’s 
ability to tolerate these factors) is the niche an organism would occupy if all the 
environmental factors it needed were present; realised niche, typically set by biotic 
MHJ[VYZ��LZWLJPHSS`�PU[LYZWLJPÄJ�JVTWL[P[PVU��PZ�[OL�HJ[\HS�UPJOL�HU�VYNHUPZT�VJJ\WPLZ�

2. a.  Light intensity will be lowest during hours of darkness then increase as dawn 
breaks (Sun rises) to peak during full daylight (about the middle of the day) 
before decreasing as dusk falls (Sun sets) to become low again with full darkness. 
As plants need light to photosynthesise, photosynthesis can only occur during 
daylight hours, with its rate increasing (all other factors being constant) as light 
intensity increases to a certain maximum, and vice versa.

 b.  ;LTWLYH[\YL�^PSS�Å\J[\H[L�K\YPUN�`LHY�^P[O�OLPNO[�VM�:\U�PU�[OL�ZR`�¶�:\U�PZ�
highest in summer, lowest in winter, so temperatures are hottest in summer, 
JVVSLZ[�PU�^PU[LY��(Z�[LTWLYH[\YL�PUÅ\LUJLZ�[OL�YH[L�VM�WOV[VZ`U[OLZPZ��[OL�YH[L�
will be highest in summer and lowest in winter. Therefore, although other factors 
also operate, growth is typically faster in summer/warmer months of the year and 
slowest in coolest/winter months of the year.

3. a. Nocturnal behaviour:
� � �� �HK]HU[HNLZ�¶�SV^LY�[LTWLYH[\YLZ�H[�UPNO[�ZV�YLK\JLK�JOHUJLZ�VM�KLO`KYH[PVU�

when active, fewer night-active predators so reduced chances of predation
� � �� �KPZHK]HU[HNLZ�¶�YLK\JLK�WYL`�VWWVY[\UP[PLZ�MVY�UPNO[�HJ[P]L�WYLKH[VYZ��JVVSLY�

temperatures may reduce activity levels of ectothermic animals so reduced 
chances of getting food / avoiding being eaten.

 b.  Diurnal behaviour – effectively the opposite of the preceding for nocturnal 
behaviour.

Answers and explanations
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