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To make learning easier, the resource material for this Achievement Standard has been divided into  
three sections:

• Orientation responses

• Biological timing responses

• Interspecific and intraspecific relationships.

Orientation responses

Tropisms
Growth responses (usually of plants), direction of growth response related to direction of stimulus; +ve (positive) 
is growth towards, –ve (negative) is growth away from the stimulus. Hydrotropism is a response 
to water concentration. Chemotropism is a response to chemicals (e.g. pH, salt, nutrients, toxins). 
Thigmotropism is a response to touch. Gravitropism (or geotropism) is a response to gravity.

Phototropism (response to light)
Shoots show a +ve response. Roots show a zero or –ve response. Early experiments (using cereal coleoptiles) 
indicated:

• Photoreceptor located in shoot tip. Covered – no response. Pigment involved (cryptochrome) responds 
to blue light.

• Response occurs lower in the stem, hormone involved (auxin, IAA). 
 Hormones are active in very small concentrations, produced in one organ then transported away, have 
effect in another (target or effector) organ.

• Cells on the darker side show greater elongation than those on the bright side.

• IAA is transported in two directions concurrently

 – away from tip (where it is produced) to the zone of elongation (where it has its effect)

 – laterally (sideways across the stem) to the dark side.

Geotropism (response to gravity)
A downwards response to gravity is a +ve response because that is towards the origin of the gravitational pull. 
Production of IAA in root tips and shoot tips (meristems – tissues with actively dividing cells).

IAA is transported away from meristems.

Lateral transport (across root or shoot), i.e. IAA accumulates on lower side of the root possibly as the result 
of starch granules settling in the cells and carrying IAA.

Cell elongation in shoots (bend upwards).

Inhibitory effect in roots (bend downwards).

Achievement Standard 91603

Demonstrate understanding of the 
responses of plants and animals to  
their external environment

BIOLOGY

3.3
Externally assessed 5 credits

AME L3BioWB 2020 DS.indb   1 17/06/20   3:37 PM



0

+

–

10–5 10–3 10–1 101 103

Organ
response

Auxin
concentration
(ppm)

roots

*

stems

*  This graph shows that at the auxin concentrations found in stems and roots the stem cells elongate more and 
the stem bends upwards but the root cells are inhibited from elongating and the root bends downwards.

Auxins – IAA is only naturally occurring auxin. Synthetic auxins (MCPA, 24-D, 245-T, agent orange, IBA) are 
used as rooting hormones for cuttings, and as herbicides and defoliants.

Nastic responses
Responses (of plants) that are non-directional. You should NOT use +ve or –ve in your description because 
nastic responses are not directional.

Plants respond to intensity of a stimulus. Examples include the following.

• Turgor movements of some leaves (e.g. Mimosa plant) when touched (thigmonasty).

• Venus fly-trap plant capturing an insect in its leaf (thigmonasty).

• Opening and closing of flowers and leaves in response to light intensity (sleep movement) (photonasty).

Taxis
Innate (instinctive or genetically determined) response where an organism (usually an animal, but also aquatic 
plants, gametes, etc.) moves toward or away from an environmental stimulus, i.e. directional response 
that involves movement of whole organism. +ve (positive) toward stimulus, –ve (negative) away from stimulus. 

• Earthworms move away from light when disturbed: –ve phototaxis.

• Slaters move away when touched: –ve thigmotaxis.

• Male moths follow pheromone trail produced by a female: +ve chemotaxis.

• Moths attracted to a light at night: +ve phototaxis.

• Sperm following chemical trail produced by ovum: +ve chemotaxis.

• Lobsters, slaters, earwigs back into tight spaces: +ve thigmotaxis.

Tropotaxis – animal compares intensity of a stimulus using two (or more) sense organs on either side of its 
body to determine direction of stimulus.

Klinotaxis – animal determines direction of stimulus by moving a single sense organ and comparing 
relative intensities.

Kinesis
Non-directional response of an organism. You should NOT use +ve or –ve in your description because 
kineses are not directional. Rate of activity is dependent on intensity of the stimulus. Examples include the 
following.

• Rate of movement of slaters depends on light intensity:  Photokinesis.

• Slaters increase random movements in low humidity:  Hydrokinesis.

• Flatworms increase rates of turning in low-light areas:  Photokinesis.

Orthokinesis – organism’s response involves rate of movement. 

Klinokinesis – organism responds by changing rate of turning as it moves.
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Questions: Orientation responses

Question One: Bar-tailed godwit migration
Migrating birds make the longest non-stop flights in the animal kingdom. Bar-tailed godwits or küaka, 
Limosa lapponica, can fly about 12 000 km at one time; further than any other known birds.

Researchers found that godwits leave non-breeding grounds of New Zealand from the second week 
of March to the end of the month. They make the long, usually non-stop, flight from non-breeding 
grounds to coastal rest-and-recovery grounds in the Yellow Sea region of East Asia. After an average 
rest-and-recovery period of 41.2 days, they fly over the north Pacific Ocean before heading northeast to the 
Alaskan breeding grounds.

During the breeding season, the godwits breed, laying a clutch of four eggs on the coast of Alaska. Parents 
share incubation and brooding post-hatching.

The godwits then return to New Zealand on a non-stop flight across the Pacific Ocean, taking 7–9 days, 
from September to mid-October. Juveniles arrive in New Zealand after their first trans-Pacific flight when 
approximately four months old.

China

Australia

New Zealand

Russia USA

Non-breeding 
grounds

Alaska
breeding 
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Rest-and-
recovery area – 
Yellow Sea region 
of East Asia

Figure 1: The migration route of the bar-tailed godwit

Figure 2: A bar-tailed godwit in flight

Figure 3: A clutch of eggs of the 
bar-tailed godwit

 Year 2019
Ans. p. 91
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Question Four: Tüï
Tüï (Prosthemadera novaeseelandiae) are notoriously aggressive, and will defend a flowering or fruiting tree, 
or a small part of a large tree, from all comers, whether another tüï or another bird species. They vigorously 
chase other birds away from their feeding area with loud whirring wings. Tüï have a display flight, in which 
they fly upwards above the canopy, and then make a noisy, near-vertical dive back into the canopy.

    

Tüï feed on nectar from the red mistletoe (Peraxellia tetrapetala). The red mistletoe grows on the mountain 
beech (Fuscospora cliffortioides).

The flowers are pollinated by tüï. To open flowers, tüï grasp the top of the bud with their beaks and twist. 
This causes the flower petals to spring open (in less than ¼ of a second), and the birds can then insert their 
beaks to drink nectar, and thereby pollinate the flower.

Red mistletoe use specialised roots to get water and dissolved mineral ions from a host tree rather than 
from the soil, causing harm to its host tree mountain beech.

Identify and explain the behaviours and types of competition between the red mistletoe, tüï, other 
birds, and the mountain beech, and evaluate the costs and benefits of maintaining these behaviours and 
relationships.

In your answer you should:

• describe territoriality

• explain the costs and benefits of the tüï’s territorial behaviour

• identify and describe the other types of relationships mentioned

•  evaluate the costs and benefits to each species in the relationships identified.

 Year 2016
Ans. p. 105
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Sequential evolution – occurs when species changes sufficiently over time, also called linear, serial or 
vertical evolution, e.g. three Homo species (H. habilis, H. erectus and H. sapiens).

Co-evolution – describes the reciprocal evolutionary effect that two interacting species can have on each 
other. Each species acts as a natural selective influence on the other.

Examples
•  Pollinators and flowering plants – in extreme cases, a species of plant can be pollinated by 

only one specific species of insect. (This can make both species vulnerable to extinction, 
because if one diminishes so must the other.)

•  Predator species evolve better ‘prey-catching’ strategies as prey evolve better ‘detection-and-
escape’ strategies.

  Note that many New Zealand native animals are vulnerable to introduced predators because 
of the the lack of opportunity for coevolution (evolution of effective defences and strategies).

•  Swan plants evolve toxins to deter herbivores, monarch butterfly caterillars have evolved 
mechanisms to detoxify the plant and thus have little competition for this food source.

Diagrammatic comparisons of patterns of evolution: what to look for in questions
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Divergent 
evolution

Sequential 
evolution

Co-evolution

tim
e

• unrelated 
ancestors

• become more 
similar as 
they become 
adapted 
to similar 
conditions or 
have similar 
adaptations

• unrelated 
ancestors

• evolve in the 
same way 
for the same 
reason

• common 
ancestor

• species 
become more 
dissimilar as 
they become 
adapted to 
different 
niches

• common 
ancestor

• species 
separated 
by time, one 
evolves into 
the next

• unrelated 
ancestors that 
have a close 
relationship

• each species 
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Chance changes in gene frequencies
Genetic drift – chance changes in allele frequencies (that occur in small populations). Some alleles become 
more or less common because individuals that carry them produce more offspring as a result of chance 
rather than adaptive advantage.

Founder effect – occurs when small number of individuals establishes new population. Gene pool will 
reflect genotypes of founder individuals. Genetic variation is reduced, but otherwise rare alleles may be 
common simply because they were carried by ‘founders’.

Bottleneck effect – when a population becomes small and then expands, new gene pool will reflect 
genotypes of individuals at the bottleneck; important consideration for endangered species.
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Questions: Describe patterns of evolution

Question One: Cicada speciation
The loud and often shrill singing of cicadas makes them one of New Zealand’s most familiar insects. 
There are 42 species and subspecies in five genera that have been formally described. All are unique to 
New Zealand.

The most closely related species are found in Australia, Norfolk Island and New Caledonia. Studies show 
that the New Zealand cicadas came about from several colonisation events across the Tasman Sea from 
Australia and New Caledonia. They arrived within the last 11 million years, well after New Zealand became 
isolated from Australia.

During the peak of summer, the massed chorus of cicadas can be deafening. Only the males sing, mainly to 
court females.

Cicada songs vary widely between species, ranging from harsh screeches to others having only faint 
chirps. These are sometimes so distinctive that individual species may be identified by song alone. Some 
New Zealand cicadas also make a sharp clapping or clicking sound by rapidly tapping their wings against 
the branch on which they are resting.

Two species, Kikihia laneorum and K. subalpina, are similar and only identifiable by their very different songs.

Kikihia laneorum Kikihia subalpina Kikihia angusta

Maoricicada alticola Maoricicada oromelaena Notopsalta sericea

Figure 1: Some cicada species found in New Zealand
Adapted from: www.landcareresearch.co.nz/science/plants-animals-fungi/ 

animals/invertebrates/systematics/hemiptera/auchenorrhyncha/cicadas

 Year 2019
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Question Three: Natural selection and genetic drift in a New Zealand gecko
Woodworthia maculata is the common New Zealand gecko. A study was conducted and found that less 
than 15 km separates populations of small and large adult common geckos found on the south coast of the 
North Island of New Zealand. Five collecting sites were spaced along 15 km of coastal habitat. The main 
coastal vegetation at Turakirae (site 1) is Muehlenbeckia complexa (pohuehue), which provides ideal gecko 
habitat, which changes gradually along the coast, until at Ocean Beach (site 5), the small trees känuka, 
Kunzea ericoides, and tutu, Coriaria arborea, dominate. The snout–vent length of the common gecko was 
measured and compared along the 15 km area.
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Figure 1: Sampling sites of the common gecko. 
Sites are approximately 4 km apart on a coastal 
transect.

Figure 2: Body size variation (snout–vent length 
phenotypes) among samples of adult common 
geckos collected from five sites on the south coast 
of the North Island. Mean, SE, and range shown.

Source (Figures 1 and 2): Fitness, Josephine, Hitchmough, Rodney A. and Morgan-Richards, Mary. (2012). Little and large: body size  
and genetic clines in a New Zealand gecko (Woodworthia maculata) along a coastal transect. Ecology and Evolution, 2(2): 273–85.

snout–vent

Figure 3: Snout–vent length, measured from the  
tip of the mouth to the beginning of the tail

Discuss how natural selection and genetic drift could cause speciation in the common gecko using the 
information and data provided.

In your answer:

• describe the trends in snout–vent length of the common gecko and the vegetation of the sample sites 

• explain how directional and stabilising selection and genetic drift could play a role in speciation of the 
common gecko

• analyse the pre-zygotic and post-zygotic isolating mechanisms that could lead to speciation in the 
common gecko.

 Year 2019
Ans. p. 110
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Question Six: Evolutionary relationships in wrens
The New Zealand wrens, Acanthisittidae, are a family of birds that has evolved from an unknown primitive 
ancestor. This family, including the rifleman, the rock wren, and the bush wren (as well as several extinct 
species), consists of small, poor-flying and flightless insect-eating birds that were previously widely distributed 
up and down the length of New Zealand, but are now much more restricted. The wrens’ ancestor is thought 
to have been present since New Zealand separated from Australia over 50 million years ago (50 mya). 
20 million years ago there was a cline that extended from Stewart Island up to the top of the North Island.

In the UK, a bird with a similar niche is the short-toed treecreeper.

Species Distribution Habitat

Rock wren (Xenicus gilviventris) Rock wrens are widely 
but patchily distributed 
through alpine and  
sub-alpine areas of the 
South Island.

They are found from 900 m to 2 500 m 
in altitude where the habitat may 
vary from dense sub-alpine scrub, 
through talus where stable rock falls are 
interspersed with low shrubbery to bare 
rock in very exposed situations.

Bush wren (Xenicus longipes) North and South Islands, 
plus Kapiti Island, Stewart 
Island and the three 
nearby South Cape 
islands (Taukihepa / 
Big South Cape Island, 
Rerewhakaupoko / 
Solomon Island and 
Pukeweka).

Bush wrens were formerly found in forest 
and scrub in mountainous areas. On the 
mainland they were reported to feed 
among branches.

On islands off Stewart Island, bush wrens 
kept among low dense vegetation, and 
spent much time on the ground.

Rifleman wren 
(Acanthisitta chloris)

Mainly confined to 
higher-altitude forest 
throughout both the 
North and South Islands.

Rifleman wrens are found predominantly 
in mature forest, especially beech, kauri, 
kāmahi, and podocarp forest.

They typically move through the forest 
using short flights, mainly from canopy 
to canopy. The majority of time is spent 
foraging for small insects in the canopy 
or on tree trunks.

UK Short-toed treecreeper 
(certia brachydactyla)

Found throughout the 
United Kingdom

The short-toed treecreeper typically 
seeks invertebrate food on tree trunks, 
starting near the tree base and spiralling 
its way up using its stiff tail feathers for 
support.

 Year 2018
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Comparison of biological evolution and cultural evolution

Biological evolution Cultural evolution

•  transmission from one generation to the next is 
based on inheritance of genetic material (DNA, 
alleles, chromosomes)

•  inheritance can occur only from parents to 
offspring

•  inheritance is limited by the processes of meiosis 
and fertilisation; at fertilisation the genome of 
the new individual is determined

•  new alleles originate from mutation (new traits 
originate by mutation, independent assortment 
and crossing over, and random fertilisation)

•  gene pool of the population reflects the process 
of natural selection (and genetic drift)

• includes:

 – anatomical (structural) adaptations

 – physiological adaptations

 – innate behaviours

 – life history (reproductive) strategies

•  transmission from one generation to the next is 
based on inheritance by learning (from other 
members of the group)

•  learning can be in any direction: inter-
generational and between individuals of all ages

•  limited only by the learning opportunities and 
intellectual potential of individuals, and can 
occur throughout life of the individual

•  new ideas are the result of observation, insight, 
analysis, higher-level thinking and trial and error

•  collective knowledge reflects the processes of 
higher-level thinking

• includes:

 – tools, use of fire, shelter and clothing

 – food-gathering techniques, domestication

 – language and communication, politics

 – spirituality, art, music, science

•  the rate of biological evolution in humans is 
limited by genetic change and natural selection

•  the rate of cultural evolution has accelerated 
(and continues to accelerate); humans do not 
adapt to their environment, they adapt their 
environment to suit their needs

•  cultural evolution, however, depends on a 
complex brain and an ability to learn, which are 
the result of biological evolution

Humans are primates
The first primates were small insectivorous quadrupeds that lived about 65 mya (million years ago). As a 
result of a warming climate, large areas of hardwood forest developed, providing a home for all sorts of 
arboreal insects and vertebrates. Also available were the buds, leaves, flowers and the fruit of these trees.
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Questions: Describe trends in human evolution

Question One: Skeletal changes and bipedalism

The above diagram shows a chimpanzee on the left and an australopithecine on the right.

Discuss trends seen in the evolution of early hominins.

Include in your answer:

• a description of THREE of the following skeletal changes – in the: foot, arm:leg ratio, spine, femur, pelvis 
shape, foramen magnum

• an explanation for TWO features of the advantage this change would provide the australopithecine 
when walking bipedally in Africa

• a discussion of possible selection factors that could have led to the changes seen.

 Year 2019
Ans. p. 119
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A – correct answer to a question provides evidence for ‘Achievement’ grade.
M – correct answer to a question provides evidence for ‘Achievement with Merit’ grade. A partial answer (description) may provide 
evidence for an A grade.
E – correct answer to a question provides evidence for ‘Achieved with Excellence’ grade. A partial answer (explanation or description) 
may provide evidence for M or A grades respectively.
If a question uses the word ‘explain’ or ‘reason’, it is worth ‘Merit’ at the minimum. A question using the words ‘discuss’ or ‘justify’ or 
‘relate’ or ‘compare and contrast’ or ‘analyse’, indicates ‘Excellence’. For a ‘Merit’- or ‘Excellence’-level question, always try to give a 
simple definition or explanation first (to gain ‘Achievement’).
To answer questions it is important to have learnt the work and to have good literacy skills. Answers must be clearly expressed to show 
depth of knowledge.
• Use biological terminology correctly and with confidence. Spelling words correctly is important for ‘Merit’ or ‘Excellence’.
• Answers must be linked to the question. A general or rote-learned answer without reference to context of the resource material will 

gain a maximum of ‘Achieved’, but more likely ‘Not achieved’. Read resource material carefully and integrate it into your answers to 
ensure that the answer is relevant to the question. Simply rephrasing a question will also not get any credit.

• Attempt all questions – it is generally possible to obtain ‘Achieved’ even in questions with ‘explain/discuss’ stems. Failing to attempt 
all questions may result in not enough questions answered to gain an ‘Achieved’ grade overall.

• Apply knowledge of content and process to unfamiliar contexts. A question will still be about a point in the Achievement Standard – 
if you have learnt it, you can answer it! 

• For ‘Excellence’, you will need to apply skills in logical and critical thinking as well as written communication (paragraph-length 
answers which link ideas and concepts in a coherent manner). Define or describe a term or process before going on to discuss it. Use 
a concluding sentence to sum up an answer in which the (unfamiliar) resource material is linked to the concept being asked about.

Answers and explanations

Achievement Standard 91603 (Biology 3.3): 
Demonstrate understanding of the 
responses of plants and animals to their 
external environment

3.3 Orientation responses

Question One: Bar-tailed godwit migration
1st bullet – description of migration

Aspects that could be included in a description include:

• regular/annual, repeated, seasonal

• active

• innate

•  movement of a large number of individuals in a population 
from one geographic area where they breed to another

• involves a return journey (true migration).
(A – description involves four of these aspects)

2nd bullet – explanation of which cue is most likely to encourage 
migration of the godwit, AND explain three methods the 
godwit could use to navigate this migratory path effectively

Cue most likely to encourage migration.

Environmental cues follow.

• Changing / shortening daylength.

•  Shorter daylength equates to increasing nightlength  
(daylength + nightlength = 24 hours).

•  This triggers hormonal and behavioural changes (often seen 
as ‘migration restlessness’ or zugunruhe (German term).

p. 4

Explanation
Daylength is sensed by the pineal gland (situated in the brain). 
Light is sensed directly through skin (skull and feathers, etc.).

Changing daylength (i.e. the shortening of the days in the 
New Zealand autumn – March to May) is the cue most likely 
to encourage migration. Shorter days also mean longer nights 
(daylength + nightlength = 24 hours).

Shorter daylength / increasing nightlength triggers hormonal 
changes (often seen as ‘migration restlessness’ or zugunruhe).

Daylength variations are reliable and consistent year by year – 
e.g. sunrise and sunset are at the same time on the same date at 
the same place, whereas temperatures can be quite variable.

Lower autumn temperatures are likely to be a secondary or 
reinforcing cue.

Internal/endogenous cues follow.
•  Maturity, in particular maturation of sex organs – this is especially 

true of young individuals that have not yet reproduced.

•  Genetic drive to reproduce is innate/instinctive and associated 
with maturity.

Explanation
Maturity is an innate process, but it requires adequate nutrition 
and time.

Associated hormonal changes stimulate a migratory and 
reproductive urge that is endogenously/genetically controlled. 
This has evolved over many generations of bar-tailed godwits, 
because individuals that exhibit this behaviour have an adaptive 
advantage and have more reproductive success.

Migration and reproduction are part of an endogenously 
controlled annual biorhythm.
(A – changing/shortening daylength or other cue described;

M – reliability/consistency explained)
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It is likely that that reducing daylength is the primary or most 
important cue, but other cues have a secondary (less important) 
moderating influence.

•  Reduced temperatures (especially the daily low 
temperature).

  This is also associated with autumn, but is less reliable 
than daylength. During mild autumns when food remains 
available for longer, ‘setting off’ may be delayed.

•  Wind direction.

  Winds in a suitable direction will stimulate more birds to 
leave on their migrations. Headwinds will delay ‘set off’ until 
more favourable weather patterns arrive.

•  Abundant food availability and build-up of fat reserves.

  Migration is an energy-intensive activity, and birds feed and 
store fat in preparation. Any bird not prepared will be less 
likely to embark on an early ‘set off’ date

Social cues are also possible.

•  Large numbers of individuals of the species gathering in 
readiness for migration.

  Although bar-tailed godwits do not migrate as a flock, the 
sudden disappearance of other bar-tailed godwits from their 
habitat may trigger departure.

•  Movement of other individuals in one direction.

  Other individuals all heading in a single direction (with the 
wind) could have a similar effect.

Explanation of three methods the bar-tailed godwit could use to 
navigate this migratory path effectively

• Magnetic fields.

  Magnetic flux lines allow animals to orient themselves 
North–South.

  Migratory birds usually have a magnetic sense. This involves 
iron-rich magnetite crystals found in their brains. (NB: It is 
thought that some animals see the effect of magnetism on 
atmospheric particles as something similar to colours.)

The Earth’s magnetic field does change with time, as N 
and S magnetic poles migrate geographically and there are 
changes in intensity. The strength and direction of flux also 
varies depending on rock types in the Earth’s crust.

• Sun compass.

  Sun compass is used during the day; stellar compass (see 
below) is used during cloud-free nights.

  Position in the sun in the sky changes as Earth rotates (one 
rotation every 24 hours), i.e. sun moves from E to W.

  A sense of time (circadian biological clock) is needed to 
account for or compensate for the change in position of the 
sun during the day.

  Polarised light (light is polarised as it passes through clouds) 
allows birds to see the sun’s position on cloudy days.

• Stellar compass.

  Position of the stars in the sky changes as Earth rotates.

  Stars closest to the equator move faster and move in a bigger 
arc.

  A sense of time (circadian biological clock) is needed to 
account for or compensate for the change in position of the 
stars during the night.

  Young birds learn the star pattern (of the Northern 
Hemisphere) by imprinting, often when chicks are in the nest.

• Visual landmarks, mental maps.

  These could include geographic features such as coastlines, 
patterns of island groups, and mountain ranges.

• Mental maps, landmarks, etc.

  These are learned on the first journey and used on 
subsequent journeys.

It is likely that a combination of the above methods is used. This 
is dependent on availability of signals or prevailing conditions 
(e.g. solar cues not available at night).

The cues above are of primary importance, but other cues have 
a secondary (less important) moderating influence.

It is also likely that some cues are used when conditions are 
suitable, but other cues are relied upon when climatic conditions 
are not suitable.

• Ocean currents.

  Used to provide some direction.

  Migrating birds often fly ‘up’ the current, so food items are 
delivered to them.

• Sound, including infrasound.

  Some sounds carry long distances, especially low-frequency 
sounds (e.g. crashing waves, wind over islands and ridges).

• Smell.

  Characteristic smells of land and islands are often the result of 
accumulated bird droppings or organic decay of vegetation.

• Social cues.

  For example, young birds follow adults of the same species; 
even if they do not fly as a flock, birds can recognise each 
other by size, colour, outline and wing-beat patterns.

(A – three methods described; 

M – three methods explained)

3rd bullet – comparison of the costs and benefits to the bar-
tailed godwit of making this long-distance migration

Benefits to bar-tailed godwit individuals follow.

•  Individuals migrate to avoid seasons when the climate is 
unfavourable – i.e. avoid periods of cold or extreme weather 
conditions when feeding may not be possible or cold 
temperatures mean more food is needed to maintain high 
body temperatures.

•  Individuals have a greater food supply – food availability will 
be reduced in New Zealand waters during the winter when 
prey populations are not as abundant. Migration routes 
follow available foods. A consistently high food supply is 
needed so that individuals can build up sufficient reserves for 
their migratory journeys.

•  Reduction in parasitic load – disruption of parasitic host 
availability reduces parasitic load of individuals; parasites 
often have complex life cycles with multiple hosts – host 
unavailability can disrupt this cycle.

•  Predator avoidance – bar-tailed godwits (in their nesting 
habitat) are either present in abundance or they are entirely 
absent. This means land-based predators have little chance 
to build up numbers based on a reliable and constant 
food source. When birds return to nest, they do so in large 
numbers and the proportion taken by predators will be low.

Costs (risks) to bar-tailed godwit individuals follow.

•  Energy consumption during active migration will be high 
due to the physical demands of flying – bar-tailed godwits 
migrate in an oceanic environment (presumably island 
stopovers could be used) and feeding along the way to refuel 
is dependent on prey location and abundance.

•  Starvation is a constant potential risk.

•  Storms and winds (especially unseasonal ones) – individuals 
are reliant on their own strength and knowledge (experience).

•  Predators – when at sea, individuals are exposed to 
predators that will pick off younger individuals and those 
weakened by lack of food, parasites, etc. Because bar-tailed 
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