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Introduction
AS91154 (Biology 2.2) involves the analysis of the biological validity of the information presented to the public 
on a named socio-scientific issue.

A socio-scientifi c issue is one that is science-based and provokes controversy/confl ict within society. The issues 
tend to be complex with confl icting points of view; there are no easy answers. Examples of current socio-scientifi c 
issues in New Zealand include:
• HPV vaccination.
• MMR vaccination.
• Use of the chemical 1080 in pest control.
• Fluoridation of town water supplies.
• Impact of agricultural runoff on waterways.
• Use of waterways to irrigate agricultural lands.
• Exploration and drilling for hydrocarbons / oil / natural gas.
• Use of fracking in oil exploration/extraction.
• Mining on New Zealand conservation lands.
• Genetic modifi cation of crops.
• Climate change / global warming.
• Overfi shing of coastal waters. 

The emphasis of the investigation is not on research but on processing and 
analysing the information/data presented by scientists as well as various interest 
groups and/or individuals. Your information must come from a variety of sources, 
which must be named/identifi ed. Sources could include: 
• research institutes / scientists
• corporations
• government departments
• local councils
• interest groups / individuals
• popular media.

The New Zealand Government has a Parliamentary Commissioner for the Environment. The commissioner is an 
offi cer of Parliament who has broad powers to investigate environmental concerns and is wholly independent of 
the government of the day. The commissioner (current one is Simon Upton) releases reports on environmental 
issues – these can be found at www.pce.parliament.nz 

Your information must also come from at least three different genres. A genre is a particular form, style or category 
of literature (or art or music). Examples of genres include the following.
• Scientifi c reports. 
• Documentary fi lms/DVDs. 
• TV/radio/newspaper interviews. 
• Public lectures. 
• Advertisements – including billboards and photographs. 
• Newspaper/magazine/periodical reports and/or editorials – hardcopy and/or online.
• Pamphlets/fact sheets (e.g. Department of Conservation and Ministry of Health publish fact sheets on various 

topics) – hard copy and/or online. 
• Internet – e.g. websites, blogs, social media, YouTube, podcasts. 
• Textbooks.
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Foregut digestive system 
Cattle, sheep, and goats are foregut herbivores, also known as 
ruminants. 

The ruminant system is distinguished by the presence of a large, complex 
stomach. In cattle, the stomach is a huge, four-chambered structure 
which takes up approximately 75% of the gut cavity and may be up to 
200 L in volume. It contains billions of mutualistic cellulose-digesting 
bacteria (as well as smaller numbers of other microbes) in the rumen and 
reticulum chambers. The third chamber is the omasum, which absorbs 
water and mineral ions. The fourth chamber is the abomasum or ‘true’ 
stomach, which contains acid and pepsin and functions similarly to the 
human stomach. From the true stomach, the partially digested food 
moves into the small intestine. Adult cows may produce as much as 
100–150 L of saliva a day to provide liquid for the rumen.

 Foregut digestive system
The diagram illustrates the 
structure of the stomach 
in a cow; arrows show the 
passage of food.

All questions refer to the gut system of a cow.

1. Use the information in the preceding diagram to describe the passage and processing of food in a cow’s 
digestive system. Use your own words.

Giraffes digest their food using 
a rumen system.

Answers
p.  312

to rest 
of gut

partly digested food

newly ingested material

food ingestion
chewing the cud

reticulum

omasum

abomasum

rumen
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2. Find out what is meant by ‘chewing the cud’, and give its purpose.

3. Give the role of each of the following: 

a. rumen and reticulum

b. omasum

c. abomasum
4. Describe the functions of the small intestine in ruminants.

Absorption
Absorption occurs throughout the three parts of the small intestine, with most occurring in the middle section, 
the jejunum. The small, soluble end-products of digestion pass through the membranes of the small intestine 
in the processes of diffusion and active transport. The process of absorption is essentially the same in all three 
functional groups. The surface of the small intestine is greatly infolded to form villi (singular = villus), which 
themselves are further infolded to form microvilli.

Fatty acids enter the lacteal, which connects with the lymph system; all other molecules pass into the blood 
capillaries. The capillaries connect up to eventually form the hepatic portal vein which goes to the liver.

section of ileumsection of ileum

villusvillus

villusvillus

blood capillariesblood capillaries

lacteallacteal

represents digested food represents digested food represents digested food
– e.g. glucose, fatty acids, – e.g. glucose, fatty acids,
amino acidsamino acids

to hepatic portal veinto hepatic portal vein

lymph vessellymph vessel
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Leaf adaptations for photosynthesis
The structure and location of leaves, as well as the arrangement of their cells, show adaptations for photosynthesis. 
Leaves are thin, with a large surface area, and arranged in patterns around the stem. Veins run throughout the leaf.

Large leaves with conspicuous veins
of shrub rangiora 

Small leaves of a species of Coprosma shrub arranged 
in a pattern around the stem to reduce overlap 

 Leaf adaptations for photosynthesis
1. Discuss with your partner or class and suggest reasons why leaves:

 a. must be thin

 b. need a large surface area

 c. have veins throughout the leaves

 d. have leaves arranged in patterns around the stem

2. 

xylem – transports 
water + minerals

phloem – transports 
glucose

vein – 
contains the 
vascular tissue

waxy cuticle – reduces water loss
upper epidermis – the ‘skin’ – 
clear to let sunlight through

palisade cell layer / mesophyll
– cells are rich in chloroplasts to 
maximise photosynthesis

spongy cell layer / mesophyll
– cells are loosely packed to give 
air spaces to facilitate diffusion of 
CO2, O2, H2O vapour to/from cells

lower epidermis
– the ‘skin’ 

stoma – pore in the lower epidermis 
to allow entry/exit of gases

guard cells – open and close 
the stoma; closure prevents 
water loss

 Typical arrangement for a dicotyledon leaf

Answers
p.  312
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 Cell membranes
The nucleus, organelles, and the cell itself are all bound by membranes. Membranes are essential to the 
functioning of organelles such as the ER, Golgi body, chloroplasts or mitochondria.

The membrane that surrounds the cell is the plasma membrane and it provides a boundary between the 
internal and external environment of the cell.

It is essential that the cell maintains a stable internal environment with all needed substances present in the 
correct quantities so that all the essential processes (e.g. photosynthesis and respiration) can be carried out. The 
plasma membrane acts as a selective filter, regulating which substances pass into and out of the cell and in what 
amounts. It is the structure of the membrane that enables it to transport needed substances into the cell (e.g. O2) 
and remove excess substances and metabolic wastes (e.g. CO2).

The structure and function of all membranes are essentially the same and are based around the fluid-mosaic 
model (fluid because membranes are not rigid, mosaic as there are two types of membrane proteins).

The main framework is the phospholipid bilayer. Phospholipids have a phosphate ‘head’ bonded to two fatty acid 
(lipids) ‘tails’. The heads are hydrophilic (‘water-loving’), while the tails are hydrophobic (‘water hating’). This 
results in a bilayer that resembles a sandwich with the phosphate heads ‘the bread’ and the fatty acid tails ‘the 
fi lling’. Also present with the fatty acids is some cholesterol which assists in stiffening and strengthening the fl uid 
membrane. 

hydrophilic 
phosphate heads

hydrophobic 
fatty acid tails

phospholipid
bilayer

plasma membrane

Sandwich-like phospholipid bilayer of the plasma membrane

The arrangement and nature of the bilayer:
• allows the membrane to seal itself when damaged
• allows the membrane to assemble and reassemble itself, e.g. during mitosis
• allows the membrane to perform endocytosis and exocytosis
• allows the ER and Golgi to form and bud off vesicles, e.g. when processing proteins for secretion.

Cells have a cytoskeleton found under the membrane providing an anchor for the membrane and assisting 
in maintaining cell shape. The cytoskeleton is composed of contractile protein fi laments able to shorten and 
lengthen very quickly – this allows a cell to change shape rapidly (e.g. in phagocytosis) and complete cell division 
rapidly.

Embedded in the bilayer are two different proteins – peripheral proteins and integral proteins – with 
varying functions.
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Diagram 3

leading strand – 
continuous 
replication

lagging strand – 
fragmented 
replication

Diagram 4
original strand

new strand

new strand

original strand

2. Give the difference in replication for the leading and lagging strands.

3. State how the Okazaki fragments are joined together.
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Meiosis
In most species, each somatic cell has pairs of chromosomes (homologous pairs) and the total number 
of chromosomes is known as the diploid number (2n). In humans, each somatic cell has a total of 46 
chromosomes, therefore our diploid number is 46 (usually written as 2n = 46).

When the gametes are produced in meiosis, the number of chromosomes needs to be halved so that each gamete 
has one member of each homologous pair. Each gamete therefore has half a set of chromosomes, known as the 
haploid number (n). In humans, each gamete has 23 chromosomes, therefore our haploid number is 23 (usually 
written as n = 23).

When a sperm fuses with an ovum in fertilisation to form the zygote (the ‘fertilised egg’), the half set of 
chromosomes (n) from the sperm and the half set from the ovum (n) form a full set of chromosomes (2n). The zygote 
then divides by mitosis to form the somatic cells of the embryo – all these cells have a full set (2n) of chromosomes.

Meiosis (like mitosis) begins with DNA replicating prior to cell division. After 
replication, the DNA threads condense tightly to become chromosomes – 
this indicates that meiosis is about to begin. Each chromosome is now two 
chromatids joined with a centromere.

At the beginning of meiosis, each homologous pair comes together to form a
tetrad (or bivalent) – this is a signifi cant difference to mitosis. It is during the 
formation of tetrads that crossing over between non-sister chromatids may occur. 
In crossing over, the two chromosomes entangle and exchange pieces – the 
result is that alleles get swapped between the chromosomes.

non-sister chromatids

tetrad

centromere

sister chromatidssister chromatids

Chromatids result from DNA replication prior to cell division. Sister chromatids are identical as they result from 
the same homologous chromosome (e.g. the chromosome from the male parent, or the chromosome from the 

female parent). Non-sister chromatids are not identical as one results from one of the homologous chromosomes, 
the other results from the other homologous chromosome.

Two sets of divisions occur in meiosis:
• in the fi rst set (‘meiosis 1’), the homologous pairs are separated
• in the second set (‘meiosis 2’), the chromatids are separated (segregated).

While meiosis is a continuous process like mitosis (check out video clips of both processes on-line), stages in 
meiosis have been identifi ed and named.

• The fi rst division has stages called prophase 1, metaphase 1, anaphase 1 and telophase 1.
• The second division has stages called prophase 2, metaphase 2, anaphase 2 and telophase 2.

The technical names of the stages in meiosis are not required to be learnt for AS91157.

chromatids

centromere

chromosome
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The terms ‘favourable’ and ‘unfavourable’ alleles are often used in this context (avoid using the terms ‘good’ and 
‘bad’ alleles):
• favourable alleles increase in frequency in the gene pool (they are ‘selected for’)
• unfavourable alleles decrease in frequency in the gene pool (they are ‘selected against’).

Favourable mutations (mutated alleles) are selected for, while unfavourable mutations 
are selected against.

Over time and many generations, the phenotypes of the populations and the alleles 
present in the gene pool of a population may become so different from those of other 
populations of that species that the population becomes reproductively isolated – a 
new species has been formed.

The following example shows very simply how a change in an abiotic environmental factor 
(temperature) may have contributed to speciation in our native kea  and kākā parrots.

Example: Kea and kākā

New Zealand has two closely related large 
native parrots – the kea that inhabits 
mountainous regions of the South Island, and 
the kākā that inhabits forests in both North and 
South Islands. It is thought these two species 
share a common ancestor.

Further environmental change

Environment changes

Warm environment
‘Kākā genes’

Cold environment
‘Kea genes’

Genotypically isolated gene pools:
 ‘Kea = aa, Kākā = AA’

aa
aa

aa
aa

Cold region

Mild region

Warm region

Selection for different genotypes 
as climate changes

Aa
Aa

Aa Aa

aa

aa

aa

aa

AA

AA

Aa

AA

Original 
ancestral 
species

aa = cold tolerant
Aa = mild temperature 

tolerant
AA = warm tolerant

Aa Aa

Aa Aa

aa

aa

aa

aa

aa

AA

AA

Aa

AA

AA

AA

aa

AA
AA

AA
AA

Ancestors of the kea would have been those 
individuals able to tolerate cold temperatures 
suffi ciently well to withstand the harsh winters 
of mountainous regions. Those that could not 
tolerate the cold had to emigrate or would have 
died. There would therefore have been selection 
for birds with inherited cold resistance in the 
mountains. The frequency of the ‘cold-tolerant’ 
alleles would have increased in the population. 
The opposite selection pressures would have 
occurred in the warmer lowland forests.

With time, temperature barriers and probable 
changes in behaviour would have separated
                              ‘cold-tolerant’ populations 

from ‘warm-tolerant’ 
populations so they became 
suffi ciently different to 
become reproductively 
isolated, and are now two 
separate species.

Kākā

Kea
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Zonation on a rocky shore
Diagram alongside shows a typical zonation 
pattern on an intertidal rocky shore. 

The (twice daily) ebb and flow of the tide is the main 
abiotic factor determining zones on the intertidal 
shore.

The pattern of zonation on the rocky shore varies, 
depending on how exposed the shore is to wave 
action.

 Zonation on a rocky shore
1. Paratahi Island on Auckland’s west coast is on an exposed shore, getting pounded by waves from the 

Tasman Sea. Rotoroa Island on Auckland’s east coast is on a sheltered shore as it is in the Hauraki Gulf and 
sheltered from the Pacifi c Ocean by other islands.

  The photos show Paratahi Island and the main zones on its 
rocks. The dominant species as seen in the zonation photo are 
seaweeds at LT, mussels at MT and barnacles at HT.

barnacles

mussels

seaweeds

a. Compare the exposure time to sea water and air of organisms living in the LT zone with that of 
organisms living in the HT zone.

b. Name the abiotic factor likely to change most as the tide ebbs and fl ows (not water):

c. Compare the physiological tolerance(s) of organisms living in the LT zone with those living in the HT zone.

splash zone 3.50

3.00

mean low tide 

2.50

2.00

1.50

1.00

0.50

0.00

kelp zone

brown seaweed zone

mussel and large 
barnacle zone

small barnacle zone

periwinkle zone
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HT = high-tide zone, MT = mid-tide zone, 
LT = low-tide zone.

Answers
p.  338
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Every time the ribosome moves along one codon, the process is repeated, 
with amino acids being added in sequence to the polypeptide. Normally, 
several ribosomes move along the mRNA at any one time (the whole 
complex is known as a polyribosome) ensuring rapid production of the 
protein. mRNA is broken down by the enzyme RNAase when enough 
protein has been made. The complete polypeptide chain(s) fold and coil to 
form the protein.

Proteins are the product of gene expression. The process of gene expression can be summarised as:

DNA      mRNA      polypeptide      protein

Translation

C
G

A
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U U U U

A A AA AC CC
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A
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A
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U

U

U
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G

tRNA

mRNA

amino acid

polypeptide

ribosome

codon ACC
anticodon UGG

The 3-dimensional structure 
of tRNA

anticodon
tRNA molecule

amino acid
attaches here
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Achievement Standard 91153 (Biology 2.1)
 Experimental concepts (page 4)
1. a. dependent variable  b. reliability

c. conclusion    d. discussion

e. hypothesis    f. independent variable

g. validity     h. analysis

i. results     j. processing

k. controlled variables  l. method

 Planning an investigation (page 6)
1. In a fair test, only one variable is altered (the independent variable) 

and all other variables that may affect the results are kept constant 
(‘controlled’). Therefore the dependent variable is measured with respect 
to only the independent variable, therefore any relationship between the 
dependent variable and independent variable will show up (as a pattern 
or trend). If the investigation is a fair test, then the method will be valid 
(i.e. will measure what it is designed to measure).

2. For an investigation to be a fair test, all variables that may affect the 
result must be kept constant – e.g. temperature, volume of solution, size 
of sample, etc. so that only the effect of the independent variable is seen on 
the dependent variable.

3. The independent variable must have an appropriate range of values to 
increase the chances of revealing a pattern or trend that may exist 
between the independent variable and the dependent variable. The 
range must be appropriate in that the range must refl ect conditions 
the organism may experience in its natural environment (e.g. air 
temperatures, body temperatures, humidity levels, light intensity) and/or 
the range covers all possibilities (e.g. from 0 to 100%, 0 to 14 for pH).

4. If the investigation is not reliable, then the results are meaningless – 
another person must be able to carry out the investigation and get similar 
results. Having multiple samples increases the chances of revealing 
any pattern or trend that exists between the dependent variable and 
independent variable.

5. a.  Materials and equipment used in the method must be stated using 
specifi ed quantities – e.g. 10 mL (not just ‘a small amount of water’), 
30 °C (not just ‘warm water’), a 500 mL beaker (not just ‘a medium-
sized beaker’) – so that the method is accurate enough for another 
person to carry it out and get the same or similar results (without having 
to ask for clarification).

b. Step-by-step instructions mean:

• each instruction is clear

• the steps can be arranged in a logical order

• the chances that another person can accurately and easily 
replicate the investigation (and get similar results) are increased.

6. a. The investigation as given would not be accurate enough to allow a 
valid conclusion to be made or for the investigation to be repeated 
by another person. 

•  The Vaseline will trap any mosquito that lands on it by chance 
and cannot be taken as an indicator of temperature attraction.

•  The heater and ice pack will give temperature differences, but 
there has been no attempt to measure the temperature in the 
aquarium or to relate it to the temperature of any mammal host.

•  The ice pack will melt and spread water along the fl oor, which 
will not only affect the temperature gradient but will also provide 
a safety hazard with the heater.

•  The size/dimensions of the aquarium have not been given, so the 
set-up cannot be duplicated.

•  The time allowed for one trial (one hour) is much too long to be 
realistic – mosquitoes fi nd their host very quickly.

•  The control does not relate to the investigation. If temperature 
difference is being tested, then the control would be an aquarium 
with uniform temperature throughout to see if the mosquitoes 
were attracted to any particular end/area – if they were found to 
prefer one area per se, this would mean the results were biased 
from the very start.

•  To better test the hypothesis, the body temperature of the host 
needs to be known and this generated (by a heater) in the centre 
of a suitable container. As the distance from the heater increases, 
it will represent the temperature gradient from the host. If the 
mosquitoes fl y towards the heater consistently, then they are 
probably being attracted by temperature.

b. Method: This would need trialling and changing as required.

•  Set up a large transparent plastic container 1 m × 1 m. 

Include a large, clear, labelled diagram of the fi nal set-up used.

•  In the middle of the container, place a suitable heat source set at 
the temperature of the host (e.g. 37 °C for humans). 

The heat source would need to be tested, e.g. heating coil  / 
beaker of hot water / low-wattage bulb.

•  Cover the heat source (safely) with cloth/fur so that it more 
resembles the host’s surface and will act to control other 
variables such as light/steam/humidity. 

It is essential to control all other variables so that only the 
temperature changes.

•   Measure the temperature of the heat source and maintain it at 
the set temperature throughout the trials.

Must state how this is done.

 Measure the temperature gradient from the heat source 
to the walls of the container. 

The temperature gradient is the independent variable.

•   Release 10 mosquitoes into the container at a time and after 
1 minute record how many have landed on the heat source. 

The number of mosquitoes landing on the heat source is the 
dependent variable.

•   Repeat 10 times with different mosquitoes each time.

Increases the chances of reliable results.

 ANSWERS
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