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• All other variables or factors that may affect the outcome of the investigation have 
been controlled or taken into account.

The method must also be reliable – this means that it can be repeated (by your and/or 
by other investigators) and the same or similar results/pattern obtained. To try to ensure 
the method is reliable, measurements are typically repeated at least three times – if the 
method is reliable, the results for all the trials should be sufficiently similar that the same 
pattern or trend is displayed.

When you have planned and trialled your method such that it is valid and reliable and 
sufficiently clear that another person could carry out your investigation without having to 
ask for clarification, write this ‘final’ method as a step-by-step description stating exactly 
how the investigation was carried out. This ‘final’ method is the version that will go into 
the report that you hand in for assessment. It may be necessary/desirable to include in the 
method a labelled diagram of the experimental set up; any diagrams provided must be 
clearly and accurately drawn and labelled.

Collecting, recording, and processing data

Raw data
The data that you measure and /or collect is raw data. This must be recorded (use a 
logbook or spreadsheet, e.g. Excel) and you must collect sufficient data so that any 
trend or pattern present will be displayed. Therefore, you need to ensure that you have a 
suitable range for the independent variable and make repeat recordings for each value of 
the independent variable.

Data collected must be relevant to the purpose of the investigation. A common mistake is 
to collect data that do not relate to the purpose (e.g. a student writes an aim which states, 
‘To investigate the effect of increasing temperature on the rate of turning of the flatworm 
Planaria’; the student then incorrectly collects data on the speed of movement of Planaria 
at each temperature value).

Data that have not been recorded clearly and accurately may result in follow-on errors 
in the report. Data is recorded in tables or charts; when drawing up a table you need to 
ensure that you include:
• a full title that includes descriptions of the independent and dependent variables
• full headings and appropriate units for each column and/or row
• ruled lines around the sets of data
• the data ordered in a logical way
• raw and processed data being clearly distinguishable from each other.

Collecting and recording data
All raw data measured and/or collected must be recorded and sufficient data must be 
collected so that a trend or pattern can be seen. This means that the investigation method 
should include ways in which to collect sufficient data – making several measurements for 
each independent value (called repeats) and/or having a suitable range for the independent 
variable. The best place to record raw data is in a logbook.
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A socio-scientific issue

CHAPTER

2
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
response to a socio-scientific issue’. This chapter looks at the following.
•  Investigating a socio-scientific issue and using biological knowledge to write a 

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

A selection of questions to test your understanding of socio-scientific issues and their 
implications and questions to test your understanding of writing a scientific report for 
the issue can be found at   at www.esa.co.nz

Introduction
Achievement Standard 91602 (Biology 3.2) involves processing information on a socio-
scientific issue to present an informed response to the issue.
• The emphasis is on processing and evaluating information as this demonstrates that 

you understand the topic or issue.
• You may select your own topic or investigate one provided by your teacher.
• Your teacher may provide you with a range of resource materials or you may provide 

your own or supplement that provided by your teacher.
AS91602 (Biology 3.2) is carried out with teacher guidance – this means that you drive 
the investigation while your teacher provides you with the broad parameters for the 
investigation; these parameters can include the following.
• Suitable topics.
• Resource material.
• (New) directions for investigation, e.g. when you are stuck / having difficulties.
• Ideas for a suitable presentation – your investigation could be presented by a written 

report, newspaper article, seminar or speech, PowerPoint presentation, DVD. 
Some of these presentations would require additional (written) material to meet the 
requirements of AS91602 (Biology 3.2) – discuss the options with your teacher.

You must work independently to process and evaluate the data relevant to your topic and 
then come up with an informed opinion on the topic.
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Animal responses –  
interspecific relationships

CHAPTER

5
NCEA Level 3 Biology material covered in this chapter includes material for Achievement 
Standard 91603 (Biology 3.3) ‘Demonstrate understanding of the responses of plants and
animals to their external environment’. This chapter looks at the following interspecific 
relationships.
• Mutualism.
• Exploitation – herbivory, parasitism and predation.
• Competition.

No organism exists in isolation; an organism interacts in a variety of ways with the other 
members of the biological community that it exists within. Interspecific relationships are 
those that occur between members of different species. Included are:
• mutualism
• exploitation – parasitism, herbivory, predation
• competition for resources.
In these relationships, individuals/species may benefit (+), or be harmed (–).

Mutualism
Mutualism is a relationship between the members of two different species in which both 
species benefit (+ and +) to the extent that their evolutionary fitness is increased (i.e. 
members of each species have a greater chance of surviving to a reproductive stage or 
produce more offspring than if they were not in the relationship).

Examples of mutualism follow.

•  Clownfish (Ocellaris sp) hide in an anemone’s  
tentacles protected from their predators (predators 
would be stung by the anemone); clownfish 
protect the anemone against butterflyfish 
(Chaetodontidae sp) that prey on the anemone.
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•  Cleaner fish – in coral reefs there are fish which  
specialise in removing parasites. The cleaner fish 
obtain a supply of food, and the fish being 
cleaned has parasites removed. The picture 
alongside is of a white-spotted puffer fish being 
cleaned by a bluestreak cleaner wrasse.

•  Root nodules of leguminous plants – this is a 
partnership between a plant of the pea and bean 
family and bacteria (Rhizobium sp). The bacteria 
convert nitrogen gas into ammonia (which the 
legume needs but cannot produce), and the legume 
converts carbon dioxide into carbohydrate (which 
the bacteria need but cannot produce). 

•  Lichens – a lichen consists of a fungus and an alga. 
Though the alga can and does live independently, 
the fungus cannot survive without the carbohydrate 
produced by the alga.

•  Mycorrhiza – in an association between a fungus (Mycorrhiza) and the roots of 
vascular plants (e.g. flowering plants or angiosperms, ferns, conifers), the fungus 
obtains organic matter from the plant, while the latter obtains mineral salts which the 
fungus is better able to absorb from nutrient-poor soils. Many forest trees are unable to 
get established unless infected with the appropriate fungus. 

•  Ruminants and many other herbivorous 
mammals – in most herbivores, cellulose 
is digested by bacteria in a part of the 
gut specialised for that function. The 
micro-organisms also produce vitamins 
and amino acids not present in the food; 
they receive a plentiful supply of food 
in the warm, anaerobic (oxygen-lacking) 
environment they need.  
The stomach of a cow is a huge, four-
chambered structure that takes up 
approx. 75% of the gut cavity and may be 
approx. 200 L in volume; contains billions of cellulose-digesting bacteria in the rumen 
and reticulum chambers – action of these bacteria is essential in providing the cow 
with essential nutrients from the grass it eats.

root nodules

white
clover

Stomach of a cow
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desire to urinate and defecate. The ANS has two systems, the sympathetic and the 
parasympathetic, which work in opposition to each other. In general:

 – the sympathetic tends to speed up functions (acts as an ‘accelerator’)
 – the parasympathetic tends to slow down functions (acts as a ‘brake’).
  Most internal organs are supplied with nerves from both these systems to control their 

function (e.g. sympathetic increases heartbeat, parasympathetic decreases heartbeat).
  The ANS is an essential component in many homeostatic mechanisms.

Liver, kidneys, blood system

Liver
The liver is the body’s largest internal organ (the skin is considered 
to be the largest organ overall) and is an essential component in 
maintaining homeostasis – e.g. through detoxification, deamination, 
storage (e.g. glycogen; minerals such as Fe, Cu, K; various vitamins), 
production of heat energy. The liver is essential in control of blood 
glucose levels.

Kidneys
The paired kidneys are the body’s main excretory organs (note 
difference between the terms excretion and secretion) removing excess 
water and mineral ions, urea (from breakdown of excess amino acids 
by the liver). Kidneys are essential in maintaining levels of glucose and 
water in the body and contribute to the regulation of blood pressure.

There is a difference between excretion and secretion:
•	 excretion – process by which animals rid themselves of waste products and of the 

nitrogenous by-products of metabolism
•	 secretion – process by which substances are produced and discharged from a cell, 

gland, or organ for a particular function in the organism.

Blood system
The blood system is a transport system, taking substances from 
source to where needed. It is the level of substances in the blood 
that is monitored by receptors located in specific areas of the blood 
system (e.g. carotid sinuses, aortic arch) and/or specific areas of 
the brain (e.g. hypothalamus, medulla) to identify changes in the 
set point of the substance (e.g. temperature, glucose, water, blood 
pressure, CO2, O2) and then set into action any needed corrective 
changes, so maintaining homeostasis. A corrective change important 
in many control systems is vasoconstriction (reduction in diameter 
of lumen of the arterioles) or vasodilation (increase in diameter of 
lumen of arterioles).
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Vasoconstriction and vasodilation

Cross-section of an arteriole

Vasoconstriction
Results from increased contraction of circular smooth 
muscle in wall of arteriole. Resistance to blood flow 
increases, resulting in decreased flow. Vasoconstriction 
results in:
• an increase in blood pressure
• reduction in loss of heat from skin from the 

constriction of the arterioles in the skin.

Vasodilation
Results from decreased contraction of circular smooth 
muscle in wall of arteriole. Resistance to blood flow 
decreases, resulting in increased flow. Vasodilation 
results in:
• a decrease in blood pressure
• an increase in heat loss from the skin from dilation 

of the arterioles in the skin.

Activity 8A: Introduction – Homeostatic mechanisms is a selection of questions to 
test your understanding of AS91604 (Biology 3.4) that can be found at  at 
www.esa.co.nz
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For example,  the ‘Jazz’ apple cultivar was produced from crosses made between 
Braeburn and Royal Gala apples. Parent plants were chosen for the texture of their fruit, so 
Jazz has a crisp, jucy texture, even after storage.

Sexual selection is a special type of natural selection. 
Males (or females) compete for partners, with the 
heritable characteristics of a ‘winner’ being passed on 
(e.g. male blackbirds compete for territories before 
mating, and only the winners mate); or a male (or 
female) may prefer one individual over others. For 
example, North American common yellowthroat 
(Geothlypis trichas) males have a bright yellow throat 
and a black face-mask. Females use these features to 
choose a mate:
• New York females choose their mate on the basis of 

his throat colouration
• females from Wisconsin use the male’s mask to 

make their ‘decision’.
Since behaviours or appearances of preferred mates at some stage have a genetic 
component, selection is occurring.

Genetic drift, founder effect, bottleneck effect
Genetic drift is the random change in the frequencies of the alleles of a population. 
Genetic drift is the result of chance (not natural selection).

Genetic drift becomes significant in small populations as 
there is a higher probability of the allele frequency changing 
by chance (‘drifting’) and also a higher probability of alleles 
becoming lost or fixed by chance than would occur in large 
populations. Genetic drift has been observed in small human 
populations, especially in exclusive religious sects. For 
example, the ‘Dunkers’ are a religious sect whose founders 
emigrated to the USA from Germany early in the 18th 
century (an example of a founder population). Dunkers have only married within the sect 
so are effectively reproductively isolated from the rest of the American population. The 
frequency of the alleles that determine the ABO blood groups (blood groups confer no 
selective advantage so are not selected for or against) has ‘drifted’ to become significantly 
different in the gene pool of the sect compared with populations in America and Germany 
– e.g. nearly 60% of Dunkers have blood type A, but the west German population is 45% 
A and the U.S. population only 40% A.

The founder effect occurs when a small population (the founder population) becomes 
isolated from the ancestral / original / main population – e.g. when a small number of 
individuals move (by chance or deliberately) to an island. The alleles present and their 
frequency in the founder population may not be representative of those in the ancestral 
population. This, together with the increased impact of genetic drift within the small gene 
pool can result in significant differences occurring between the ancestral and founder 
population gene pools. The limited gene pool together with inbreeding and genetic drift 
result in limited genetic variation in the founder population.

An allele is fixed in a gene 
pool when there is a change 
from at least two alleles for 
a particular characteristic to 
a situation where only one 
allele remains.



216 Level 3 Biology Study Guide – AS91605

 ISBN 978-0-947504-94-6 © Copying or scanning from ESA books is subject to the provisions of the Copyright Act 1994.

C
hapter 15

Many species in New Zealand arrived in small 
numbers either by chance (e.g. birds probably 
blown over from Australia include the silvereye, 
white-faced heron, spur-winged plover) or by 
introduction by humans (e.g. wild pigs, chamois, 
tahr). These founder populations are unlikely to 
have the range and frequency of alleles present 
in their original/ancestral population.

Tahr, Hemitragus jemlahicus

A bottleneck effect occurs when a population is suddenly reduced in size. This can be the 
result of a:
• catastrophic environmental event – such as fire, flooding, landslip, extreme weather
• human impact – such as habitat destruction, introduction of competitors or predators.
The ‘bottleneck’ may randomly (i.e. by chance) alter allele frequencies and/or remove 
alleles, so that when the population recovers the allele frequencies in the gene pool are 
not representative of the original population and genetic diversity is likely to be reduced. 
During the ‘bottleneck’ phase, the population is subject to the effects of genetic drift as 
well as inbreeding – both of which may further reduce genetic diversity.
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Many of New Zealand’s bird species (e.g. kōkako, t eke, takahē, kākāpō) experience the 
bottleneck effect as a result of widespread habitat destruction 
and/or introduced predators and/or introduced competitors. 
Conservation measures are being used to increase numbers 
of individuals within these endangered species. An extreme 
example is that of the Chatham Island or black robin (pictured 
alongside). Habitat destruction and introduced predators 
reduced the population by 1979 to just 5 individuals; since then, 
intense conservation measures have resulted in the population 
increasing to about 300 birds. Reduced genetic diversity within 
the Chatham Island robin populations make them less likely 
to have the variation in their gene pool that provides the raw 
material for natural selection to work on to combat a change in 
the environment.

Lack of diversity in populations increases the likelihood of their extinction should there be 
a change in the environment.

The bottleneck effect gets its name from 
the situation that as a liquid is poured 
out of a bottle the amount of liquid 
poured is restricted by the neck of the 
bottle such that only a limited amount of 
liquid leaves the bottle in a certain time.
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Chapter 20: Hominin evolution – Homo  293

Homo neanderthalensis ‘Neanderthal man’ –  
lived between about 400 000 and 40 000/30 000 ya
Homo neanderthalensis retained many of the features of 
H. heidelbergensis; however, certain features changed – they follow.
•	 Body became much shorter and stockier, with a very robust 

skeleton. H. neanderthalensis would have been much stronger 
than modern-day H. sapiens, especially in the arms and legs. 
Males reached a height of about 1.64–1.68 m (weight about 
65 kg), while females reached a height of about 1.52–1.56 m 
(weight about 54 kg).

  The change in to a shorter and stockier body is likely to be a 
response to selection pressures from a colder climate, especially 
in northern Europe which experienced ice-age conditions – a 
small stocky body type, having a lower surface area : body ratio, 
conserves heat better. (Neanderthal remains have been found 
alongside cold-adapted mammals.)

•	 The skull was robust with prominent brow ridges, a prominent 
‘bun’ at the rear, and a large nose. The face was slightly 
protruding but without a prominent chin. The large nose is 
believed to be an adaptation for cold conditions, heating up 
and humidifying cold air, facilitating gas exchange. However, 
research has also found the large nose allowed Neanderthals 
to quickly move huge quantities of air into and out of the 
lungs (they were likely twice as effective as us in exchanging 
air). Therefore, large noses may have been an adaptation to 
provide more energy from increased respiration, which would 
have allowed keeping warm, catching large prey, etc. in cooler 
climates.

•	 The brain was large – H. neanderthalensis had the largest brain capacity of any of the 
Homo species (average of 1 500 cm3). Broca’s area and the FOXP2 gene were both 
present – indicating that Neanderthals were capable of speech; speech would have 
made co-operative hunting more effective as well as facilitating complex tool making 
and artwork. Findings of art and ornaments suggests the capacity for abstract ideas.

Low sloping 
forehead

Brow 
ridge

Occipital ‘bun’ 
for neck muscle 
attachment

Strongly developed 
teeth and jaw

Receding 
chin

Neanderthal skull

Neanderthal 
skeleton
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Neanderthals were cave-dwelling (hearths found in caves 
have been dated to 500 000 ya) hunter-gatherers (hunting 
large (dangerous) animals which depended on co-operative 
hunting). Neanderthals were also capable of making shelters 
from hides. They cared for the aged and injured and buried 
the dead in the floors of caves and shelters.

Neanderthals made reasonably complex stone tools 
(including composite tools) and made ornaments and 
painted cave walls. Ornaments associated with Neanderthals 
include eagle talons (found in Croatia and dated to 150 000 
ya) and painted and perforated shells (found in cave in 
southeast Spain and dated to 115 000 ya). Cave art found in 
northern Spain and dated to about 65 000 ya is now the first 
known example of cave art, predating that associated with 
H. sapiens. Neanderthal reconstruction

A white-tailed eagle claw that was fashioned (striations highlighted) into  
Neanderthal jewellery – possibly part of a necklace. 

Stone tool technology – Mousterian tools
Neanderthals’ Mousterian stone tool culture, co-operative hunting and improved 
communication skills made them effective hunters of large game (it is likely that their main 
way of acquiring prey was ambush using stabbing spears). Diet was largely meat (up to 90% 
as indicated by bone and faecal analysis); could be cooked (along with vegetables – 2010 
investigation found remains of cooked vegetables in the teeth of a Neanderthal skull).

Mousterian tools were sophisticated, diverse, and finely worked. A core was first shaped 
by tapping off small flakes and then a large flake was struck off. This large flake was then 
further shaped by striking very small flakes off its edges. Several large flakes could be 
produced from a single core, which was then discarded. Making tools from a prepared 
core required the ability to visualise the shape of the tool while it was still part of the 
core – this required higher mental ability than the ability to gradually shape an Acheulean 
hand axe. Mousterian tools were also far more varied than Acheulean tools – over 
60 different kinds have been identified, including blades, chisels, points, scrapers, spear 
tips (which were attached to wooden shafts), and awls (used to perforate hides).
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Transgenesis
Transgenesis is transferring a gene/DNA from one species to another species (not just 
transferring a gene/DNA from one individual to another individual within a species). The 
material transferred is known as a transgene. Transgenesis is made possible because of 
the near universality of the genetic code and the discovery of restriction enzymes and the 
ligase enzyme that allow DNA to be both cut and joined. The transgene must have:
• a promoter – indicates the start of gene expression
• a coding region for the required protein
• a stop sequence – to end expression.
Manipulating DNA requires a variety of techniques.

Transgenesis allows us to produce organisms 
with desirable traits that cannot be produced 
using selective breeding techniques. It is also 
faster than selective breeding, which depends 
on ‘trial and error’ with the outcome not 
guaranteed. However, many gene transfer 
methods in transgenesis currently have a 
low success rate (e.g. pronuclear injection). 
Desirable traits include improved flavour, 
texture, colour, growth rate, shelf-life, yield, 
nutritional value, resistance to parasites 
and pathogens, and tolerance to harsh 
environment. For example, scientists have 
produced purple tomatoes by inserting genes 
from snapdragon plants into tomatoes. The 
genes code for the production of anti-oxidant 
pigments called anthocyanins, which are 
believed to have anti-cancer properties (these 
are the pigments found in high levels in 
blueberries and blackberries which give them 
their colour).

Transgenic 
peanut with 
Bacillus 
thuringiensis 
gene added

Wild type 
peanut

Both types of peanut were exposed to 
cornstalk borer larva Bacillus thuringiensis.

Wild type peanuts and transgenic peanuts

Biotechnological techniques used in transgenesis
The gene of interest (or ‘foreign’ gene) is 
removed from one organism’s genome using 
restriction enzymes, cloned using vectors or 
PCR, then inserted into the host organism. If 
the foreign gene enters the host’s genome and 
the desired trait is expressed, the host is now a 
transgenic organism (it can also be referred to 
as a genetically modified organism or GMO). 
The foreign gene needs to be incorporated 
into the germ cells (gametes – ova and sperm) 
during meiosis in order for it to be inherited 
and enter the gene pool.

Transgenic bacteria

Eight types of 
genetically 
modified 
bacteria each of 
which contains 
a ‘fluorescent 
protein’ such that 
when the bacteria 
are exposed to 
fluorescent light a 
different colour is 
expressed.

You will find it helpful to review DNA structure and replication from AS91156 
(Biology 2.4) prior to learning about recombinant DNA.
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Chapter 23: Genetic transfer – Manipulations and biological implications 343

Recombinant DNA
The removal of DNA from one source and its insertion into DNA from another source is 
carried out using restriction enzymes and ligation (ligation uses the enzyme ligase; the 
–ase ending indicates an enzyme). Any DNA that contains a foreign gene / foreign DNA is 
known as recombinant DNA.

Typically, the desired genetic material is inserted into a plasmid, a short circular piece of 
DNA found in bacterial cells.

Restriction enzymes (or endonucleases) occur naturally in bacteria where they ‘cut up’ 
(= restriction) foreign DNA from invading viruses (bacteriophages) or other bacteria. 
Restriction enzymes are named (and numbered) after the bacterium that they were 
isolated from. Over 400 different restriction enzymes have been identified.

Restriction is very specific, with each enzyme recognising a particular DNA sequence 
of 4–8 bases (the recognition site) and cutting within this site. These recognition sites 
have a special symmetry known as a palindrome. (A palindrome reads the same in either 
direction – e.g. the words ‘noon’ and ‘level’ are palindromes.) The site is cut so that 
the sequence in both strands reads the same in the 5’ to 3’ direction. Two examples of 
recognition sites follow.

G A A T T C and T C G A

C T T A A G  A G C T

Cutting the site may be even, producing blunt ends; or uneven, producing sticky ends.

5’ .  .  .  G  A  A  T  T  C  .  .  .  3’
3’ .  .  .  C  T  T  A  A  G  .  .  .  5’Eco RI

Hae III 5’ .  .  .  G  G  C  C   .  .  .  3’
3’ .  .  .  C  C  G  G   .  .  .  5’

Micro-organism Enzyme abbreviation Recognition sequence

Create sticky ends

Create blunt endsHaemophilus aegyptius

Escherichia coli

The same restriction enzyme is used to cut out the gene of interest and to cut open the 
piece of DNA that this gene is to be inserted into. This allows the cut base sequence to be 
matched so that base pairing can occur.

Ligation uses the enzyme DNA ligase to join the strands of DNA after base pairing; ligase 
bonds the sugar-phosphate groups to ‘glue’ the two pieces of DNA together permanently 
so recombinant DNA has been formed (typically, a bacterial plasmid).
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Activity 3A: Animal behaviour and plant responses (page 41)
1. Biotic factors are the living things in an organism’s environment (such as competitors, 

predators, herbivores), while abiotic factors are the non-living things in an organism’s 
environment (such as nutrients, oxygen, light intensity, pH, salinity).

2. Receptors are sensory cells or organs (such as eyes, ears, taste buds) that respond to 
an environmental stimulus (such as light, vibrations, chemicals), while effectors are 
tissues or organs (such as muscles, tear glands, endocrine glands, flagella and cilia) 
that produce a response to a stimulus.

3. Innate behaviour is genetically controlled and so is rigid/stereotyped and therefore 
does not change (e.g. nesting behaviour in birds, migration, many aspects of courtship 
behaviour), while learnt behaviour results from experience therefore is flexible and can 
be changed in response to changes in the environment (e.g. tool use in chimpanzees, 
tool use in members of the crow family, most aspects of human behaviour).

4. Adaptations (adaptive features) are aspects of an organism’s structure / behaviour / 
physiology / life cycle that enable it to live successfully in its environment/habitat such 
that it survives and reproduces better (i.e. it is ‘evolutionarily fit’).

 Structural adaptations include the opposable thumb of humans (allows for precise 
control of tools), the prehensile tail of New World monkeys (becomes a ‘fifth limb’ 
for facilitating safe and fast movement through trees), the long tail of great cats such 
as cheetahs and leopards (acts as a ‘rudder’ assisting with maintaining balance when 
running at speed and pouncing on prey).

 Behavioural adaptations include co-operative hunting in lions and wolves (increases 
success of hunting), migration of many birds such as the bar-tailed godwit (migration 
maximises chances of successful breeding (in the summer location) and chances of 
survival (in the overwintering location)), web-building by some spiders to trap prey.

 Physiological adaptations include venom produced by many snakes to kill or 
immobilise their prey, anticoagulants in the blood of ectoparasites such as mosquitoes 
(keeps blood liquid when stored in ectoparasite’s crop), presence of haemoglobin in 
red blood cells of mammals to carry oxygen (increases the amount/rate of oxygen 
transport allowing animal to be more active when hunting / escaping predation, etc.).

5. a.  An ecological niche reflects the role of the organism in its biological community. 
The niche is a combination of where the organism lives (the habitat) and how it 
lives (its adaptations). Each organism/species has a unique niche.

ANSWERS 
and explanations
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alternative facts 21
altruism 92
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anadromous 69
analogous structures 243
aneuploidy 206
angiosperms 113
annual rhythms 45, 113, 127
antidiuretic hormone (ADH) 171
aortic bodies 185
aquaporins 170
arteries 159
arterioles 156
artificial insemination (AI) 336
artificial selection 333
asexual reproduction 339
autonomic nervous system 161
autopolyploidy 207, 340
autotrophs 113
auxin 117, 121

back-crossing 334, 358
baroreceptors 161
basal metabolic rate (BMR) 154
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base sequence 325
behaviour 37
behavioural isolation 225
behavioural reproductive isolating 

mechanism 228
beneficial mutations 204
benthic 230
beta cells 177
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