
Key KNOWLedGe

This chapter is designed to enable students to:
■ develop understanding of the nature of ecosystems, with particular emphasis on

their living communities
■ become aware of the different ecological roles of members of an ecosystem
■ recognise that ecosystems require a continual input of energy, but that matter

recycles within ecosystems
■ recognise the inter-dependence and interactions between different members of

an ecosystem
■ develop knowledge and understanding of the factors that in� uence population

size and growth
■ become aware that various populations differ in their intrinsic growth rates.

fiGURe 8.1 Part of the 
living community in a marine 
habitat. Communities consist 
of populations of different 
species living in the same 
habitat at the same time. 
Many interactions occur 
between members within 
a community and between 
members of a community 
and their environment. In 
this chapter we will explore 
communities in ecosystems 
and some of the interactions 
and relationships that occur in 
ecosystems.
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A day in the life of krill
It is late summer in Antarctica and the sun shines from a cloudless sky onto 
the clear blue waters. While these seas appear clear, they are in fact a con
centrated soup of phytoplankton, which is a mixture of hundreds of diff erent 
species of singlecelled microscopic algae such as diatoms, dinofl agellates and 
silicofl agellates. Th ese tiny organisms possess coloured pigments that capture 
the energy of sunlight during the long daylight hours of an Antarctic summer. 
Th e radiant energy captured by the phytoplankton is transformed from non
material sunlight to chemical energy in carbohydrates, such as glucose. Th ese 
fl oating phytoplankton themselves represent succulent morsels of chemical 
energy for hunters — such as krill.

Hunters of all sizes lurk in the Antarctic waters. Th e smallest are an army of 
zooplankton, which comprise a biodiverse mixture — tiny protists, jellyfi sh, fi sh 
larvae, tunicates known as salp and various crustaceans, including copepods 
and krill (shrimplike organisms). Antarctic krill (Euphausia superba) are the 
most abundant organisms in the zooplankton found in these waters. Individual 
krill reach an adult length of about 6 cm (see fi gure 8.2a) and gather in swarms 
so dense that at times the sea water becomes red (see fi gure 8.2b). Th ese enor
mous aggregates or superswarms can contain more than two million tonnes 
of krill spread over an area of 450 km2.

(a) (b)

fiGURe 8.2 (a) One Euphausia superba from a swarm of Antarctic krill. Notice the bristle strainer formed by the 
‘feeding’ limbs around the anterior end. What function might it serve? (b) Part of a swarm of krill colouring the Antarctic 
waters

By day, the krill swarm typically stays in deep water. As the light dims, the swarm 
approaches the surface to feed on phytoplankton. Krill have fi ve pairs of jointed 
limbs for swimming and other paired limbs, including six pairs of specialised 
‘feeding’ limbs, located around their mouths, which are covered with long fi ne 
bristles — just like a builtin strainer! To capture their food, the krill enclose a quan
tity of water within their feeding limbs and strain it by squeezing the water through 
the bristle network. Small organisms, particularly phytoplankton, are trapped in 
the net formed by the bristles and this material is eaten. Th e radiant energy orig
inally trapped by the phytoplankton has now been captured by the krill.

Suddenly, the krill swarm becomes the target of larger hunters. Adelie pen
guins (Pygoscelis adeliae) (see fi gure 8.3a) returning from a foraging trip have 
detected the swarm. Th ey move in, swallowing the krill whole. Adelie penguins 
must obtain food not only for themselves, but also for the young hatched in 
December that wait onshore in the creche area of the penguin rookery. Th e young 
penguins are close to fl edging, the period when they will replace their fl uff y down 

Odd fact

The term krill is Norwegian 
for ‘whale food’ and refers 
to a group of more than 
80 species of shrimp-like 
organisms whose habitats 
are the tropical, temperate 
and polar oceans of this 
planet. Antarctic krill are the 
most numerous of all krill 
species. Antarctic female krill 
spawn twice a year, on each 
occasion producing several 
thousand eggs that fall to the 
sea bed where they hatch.
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329CHAPTER 8 Relationships within an ecosystem

with adult feathers. Having taken as many krill as they can store in their crops, the 
Adelie parents begin the return journey to their rookery. Here they will regurgi
tate from their crops a fi shy stew, known as barf, to feed their young. One Adelie 
penguin, however, will not complete this journey. As the penguins approach the 
shore, a leopard seal (Hydrurga leptonyx) that has been waiting for the return of 
the penguins dives deep into the water. Suddenly changing direction, the seal 
accelerates upward, seizing one of the penguins. Th e leopard seal vigorously 
shakes the dying penguin, stripping the skin from its body. Th e seal now eats the 
exposed fl esh and, in feeding, obtains the chemical energy it needs for living.

(a) (b)

fiGURe 8.3 (a) Adelie penguins are consumers within the Antarctic marine ecosystem. Krill is a major source of 
chemical energy for them. From where do krill obtain their energy? (b) Adelie penguins themselves are food for higher 
level consumers in the Antarctic marine ecosystem. Here we see a leopard seal that has caught a penguin.

Other animals also feed on the krill swarm. Crabeater seals (Lobodon carcino-
phagus) sieve krill from the water through their multilobed teeth (see fi gure 8.4). 
(In spite of their name, they do not eat crabs, but feed mainly on krill.) Th e adult 
crabeater seals that feed on the krill are survivors of a much larger group of crab
eater seal pups whose numbers were reduced in part by the feeding activities of 
hunters such as leopard seals and killer whales (Orcinus orca).

fiGURe 8.4 A crab-eater seal. Its unusual multi-lobed teeth (see inset) enable it to sieve krill from water.

Th e krill swarm reaggregates after the attack by the Adelie penguins. It now 
becomes the subject of massive feeding activity by a pod of humpback whales 
(Megaptera novaeangliae) that circle the dense swarm at depth and then rise 
vertically through it, with open mouths, engulfi ng quantities of krillrich water 
from which they fi lter the krill.
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Th e krill swarm continues to feed on phytoplankton but the krill also become 
food for other animals, such as squid and fi sh. Th e squid, in turn, become food 
for fl ying birds (albatrosses, petrels), penguins and toothed whales. Th e fi sh are 
hunted by seals — Weddell seals (Leptonchotes weddellii), southern elephant 
seals (Mirounga leonina), Ross seals (Ommatophoca rossii) and Antarctic 
fur seals (Arctocephalus gazella). In spite of the feeding activities of so many 
hunters, the krill population over time is largely unaff ected because of its high 
reproductive rate.

Th e living community in Antarctic seas in summer, which includes toothed 
and baleen whales, various sea birds, penguins and seals, depends on the seas 
for their food. A simplifi ed version of the feeding relationships between these 
animals is shown in fi gure 8.5. Note the importance of krill as a direct and indi
rect food resource for this community. Th e krill, in turn, depend on phyto
plankton as their food source (see fi gure 8.6).

Toothed whale

Sei whale

Humpback whale

Blue whale

Minke whale

Fin whale

Leopard seal

Crab-eater seal Adelie penguin

Emperor penguin Fur seal

Fish Squid Elephant seal

Antarctic krill

Phytoplankton

Weddell seal

Ross seal Sperm whale

fiGURe 8.5 Feeding 
relationships (food web) in an 
Antarctic ecosystem. Arrows 
denote the fl ow of chemical 
energy as one organism feeds 
on another kind. How does 
energy enter this ecosystem?
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fiGURe 8.6 Phytoplankton 
are a mixture of various 
microscopic organisms of 
different types, including 
bacteria, protists and 
algae. All are autotrophic 
organisms that can carry out 
photosynthesis.

What is an ecosystem?
Each ecosystem includes a living part and a nonliving part. Th e living part is 
a community that consists of the populations of various species that live in a 
given region. Th e nonliving part consists of the physical surroundings. How
ever, an ecosystem consists of more than living organisms and their nonliving 
physical surroundings.

Look at some defi nitions of an ecosystem:
• a biological community living in a discrete region, the physical surroundings 

and the interactions that maintain the community
• an assemblage of populations grouped into a community and interacting 

with each other and with their local environment.
Each defi nition conveys the idea that an ecosystem consists not only of a 

living community and the nonliving physical surroundings but also the inter
actions both within the community and between the community and its non
living surroundings.

We can develop an understanding of the concept of an ecosystem using an 
analogy with a hockey game. A hockey game has a ‘living part’ made up of 
players, coaches, umpires and time keepers — these are like the living com
munity. A hockey game also has its ‘nonliving part’ that includes a pitch, 
line markings, hockey sticks, goal nets and scoreboard — these are like the 
nonliving surroundings of an ecosystem. A hockey game also includes inter
actions that occur within the ‘living part’ and between the ‘living part’ and 
the ‘nonliving’ surroundings. Th ese are like the interactions occurring in an 
ecosystem.

Th e continuation of an ecosystem depends on the intactness of the parts 
and on the interactions between them. An ecosystem depends on its parts and 
may be destroyed if one part is removed or altered. Th is idea was expressed 
by Professor Eugene Odum, the worldfamous ecologist (see fi gure 8.7), who 
wrote: ‘An ecosystem is greater than the sum of its parts’. Th is is another way 
of saying that an ecosystem is a functioning system, not just living things and 
their nonliving surroundings.

When you think about any ecosystem, remember its three essential parts:
1. a living community consisting of various species, some of which are 

microscopic
2. the nonliving surroundings and their environmental conditions
3. interactions within the living community and between the community and 

the nonliving surroundings.
Ecosystems can vary in size but must be large enough to allow the inter

actions that are necessary to maintain them. An ecosystem may be as small 
as a freshwater pond or a terrarium or as large as an extensive area of mulga 
scrubland in inland Australia. An ecosystem may be terrestrial or marine.

In studying biology, it is possible to focus on diff erent levels of organisation. 
Some biologists focus on the structures and functions of cells. Other biologists 
focus on whole organisms, others on populations. Diff erent levels of biological 
organisation are shown in fi gure 8.8. An ecosystem is the most complex level 
of organisation.

fiGURe 8.7 Professor Eugene 
Odum (1913–2002) was a 
world-famous ecologist who 
received many honours for 
his research and wrote many 
scientifi c publications and 
books on ecology.UNCORRECTED P
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cell Organism population community ecosystem

fiGURe 8.8 Different levels of 
biological organisation, from 
the most basic unit of life, the 
cell, to the complex unit of an 
ecosystem

Th e study of ecosystems is the science known as ecology (oikos = home or 
place to live; logos = study).

Let’s now look at some living communities in their nonliving physical 
surroundings.

BiOLOGiSt at WORK

professor alison Murray — microbial 
ecologist
Professor Alison Murray has an interdisciplinary back
ground including undergraduate studies in (bio)
chemistry, a masters degree in Cell and Molecular 
Biology and a PhD earned at the University of Cali
fornia, Santa Barbara, in the Ecology, Evolution and 
Marine Biology Department where she studied mol
ecular microbial ecology in Antarctic and coastal 
Californian ecosystems. She is currently a research 
professor at the Desert Research Institute (DRI) in 
Reno, Nevada, United States, where she studies life 
in natural, but often extreme, habitats found at both 
poles. Since joining the DRI in 2001, Alison has made 
signifi cant contributions to molecular and cellular 
biology, advancing ecological understanding of micro
bial life with respect to ecosystem variability, function 
and geochemistry. Her work has helped answer ques
tions about how microbes function and survive in 
extremely cold environments and how environmental 
changes (e.g. global climate change) may aff ect the 
functioning and diversity of these organisms, as well as 
potential feedbacks that might aff ect the sustainability 
of coldenvironment ecosystems.

Recently, Alison worked as part of an interdisci
plinary team of scientists (including planetary sci
entists, paleolimnologists and organic and stable 
isotope geochemists) to study a very unusual lake in 
Antarctica — Lake Vida. Lake Vida lies in the Victoria 
Valley, one of the higher elevation valleys found in the 
McMurdo Dry Valleys. It is the  largest of the lakes in 
these dry valleys and, uniquely, the team’s research 
showed, although it is essentially frozen, the lake ice 
below 16 metres harbours a network of liquid brine 
with very unusual chemistry, which, it is suspected, 

extends to depths well below where the team has been 
able to sample thus far (perhaps below 50 m). 

 Alison Murray setting up microbial activity 
assays in the laboratory at McMurdo Station, 
Antarctica. (Photo courtesy of Peter Rejeck)

Discussing these fi ndings, Alison remarked, ‘Th ough 
still liquid, the brine is very salty — with a concentra
tion more than six times that of sea water, and the tem
perature is −13.4 °C — a frigid place to call home if you 
are one of the microorganisms living in the brine!’ She 
went on to discuss her role in the project:

‘From our field camp on top of the frozen lake, 
we drilled to 27 m, collecting and logging the ice 
core along the way. I helped design a strategy for 
accessing the brine to ensure that we did not contam
inate it. My primary role in the project was to deter
mine if there was biological life in the brine, and if 
so, whether it was metabolically “alive”. Th e answers

UNCORRECTED P
AGE P

ROOFS



333CHAPTER 8 Relationships within an ecosystem

to both questions turned out to be ‘Yes’ — and to our 
surprise, the cell densities were actually quite high. 
We observed two size classes of cells under the micro
scope at the fi eld camp. One class contained typi
cally sized bacteria — around 0.5 microns. Bacteria 
in the other class were more abundant but they were 
barely visible — even using fl uorescent cellstains that 
make cells easier to see — these were in the order of 
0.2 microns or smaller. Because the brine was anoxic, 
with high levels of iron that would precipitate if 
exposed to air, it was pumped directly into chambers 
that had nitrogen atmospheres. Th is made things chal
lenging, but it was necessary in order to preserve the 
brine in its native condition. We also did everything 
possible to keep the brine at the in situ temperature 
of around −13.5 °C, and preserved samples for at least 
10 diff erent laboratories that we were collaborating 
with to study the brine chemistry. Th e brine was trans
ported by helicopter to McMurdo Station to conduct 
activity assays and to collect the cells and their DNA 
and RNA. Th e activity assays revealed that the cells 
were metabolically active — though they were metab
olising at some of the lowest rates on record. Research 
in my lab now is focused on studying the genomes of 
the brine microbes and their adaptations to this unu
sual habitat, which is the fi rst of its kind found on 
Earth. I’m motivated to understand how they sur
vive in Lake Vida, since this type of habitat could also 
be found on the icy moons in the solar system, such 
as Europa and Enceladus, where liquid oceans exist 
under icy shells. Th us, our research at Lake Vida pro
vides a very relevant analogue for planetary astro
biology studies.’  More information about the Lake 
Vida Project can be found at http://lakevida.dri.edu.

 Lake Vida ice cover in early December when most 
of the snow has melted, leaving a blue colour 
refl ecting the sky. The McMurdo Dry Valleys is a 
polar desert region, which is the largest ice-free 
area in Antarctica. (Photo courtesy of Alison Murray)

 Drillers centring the ice-coring apparatus (Gopher) 
designed by Jay Kyne (pictured on the right) 
and his assistant Chris Fritsen, Desert Research 
Institute. (Photo courtesy of Alison Murray)

 Scanning electron micrograph of Lake Vida 
brine microbial cells. The pore size of the fi lter 
underlying the cells is 0.2 micron, which provides 
a good scale indicating that there are many cells 
in that size range. (Photo courtesy of Clint Davis 
and Chris Fritsen)
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Ecological communities
What is a community? Each  community  is made up of all the populations 
of various organisms living in the same location at the same time. Community 
1 = population 1 + population 2 + population 3 and so on.

A population is defi ned as all the individuals of one particular species living 
in the same area at the same time. So, we can talk about the population of giant 
tubeworms (Riftia pachyptila) in the hydrothermal vent community and the 
population of clams (Calyptogena magnifi ca) in the same community. Just as 
the hydrothermal vent has its own living community, other habitats, such as 
coral reefs, sandy deserts and tussock grasslands, also have their own living 
communities.

Diff erent communities can be compared in terms of their diversity. Diversity 
is not simply a measure of the number of diff erent populations (or diff erent 
species) present in a community. When ecologists measure the diversity of a 
community, they consider two factors:
1. the richness or the number of diff erent species present in the sample of the 

community
2. the evenness or the relative abundance of the diff erent species in the sample.

As richness and evenness increase, the diversity of a community increases.

How many populations in a community?
A journey to the Ross Sea in summer will take us to locations such as Cape 
Adare, which is located 71 °S of the equator. As we approach land, a stunning 

sight will greet us — a rookery 
of thousands of Adelie pen
guins (Pygoscelis adeliae) (see 
fi gure 8.9). As well as this sight, 
your other senses will register 
much noise and a strong fi shy 
smell. While large in numbers, 
all these penguins are members 
of just one population: that is, 
members of one species living 
and reproducing in the same 
region at the same time.

Diff erent communities vary 
in the number of populations that they contain.  Th e community at Cape Adare 
in Antarctica is dominated by one population, that of the Adelie penguins.  Th e 
situation in a coral reef community is very diff erent, with a very large number 
of diff erent populations present. Since each population is made up of one dis
crete species, the number of populations in a community corresponds to the 
number of diff erent species or the species richness of the community.

Factors that aff ect the number of species (or populations) in a community 
include:
• the physical area in which the community lives
• the latitude (or distance, north or south,  from the equator). 

Physical area affects species richness
Th e number of diff erent populations in terrestrial communities in the same 
region is related to the physical size of the available area. For example, the 
Caribbean Sea contains many islands that diff er in their areas.  Figure 8.10   
shows the results of a study into the relationship between the sizes of the 
islands and the numbers of species of reptiles and amphibians (and hence the 
number of diff erent populations) found on them. In general, if an island has 
an area 10 times that of another in the same region, the larger island can be 
expected to have about twice the number of diff erent species.

(a)
Cape Adare

A n t a r c t i c a

ROSS   SEA

(b)

fiGURe 8.9 (a) The Adelie 
penguin rookery at Cape 
Adare in Antarctica during 
summer 
(b) Location of Cape Adare, 
Antarctica
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(a)

(b)

fiGURe 8.10 (a) Relationship between the area of an island and the number of populations of different species that 
it contains (based on data from RH MacArthur and EO Wilson 2001,The Theory of Island Biogeography, Princeton 
University Press) (b) Location of the islands in the Caribbean Sea

Latitude affects species richness
Th e number of diff erent populations in a terrestrial area is also related to the 
latitude or distance from the equator. For example, terrestrial Antarctica covers 
about 14  000  000 square kilometres and the continent lies south of latitude 60 °S. 
Most of the Antarctic continent is an ice desert — dry and covered with ice. 

The temperature and light levels in Antarctica vary greatly between the 
extremes of winter and summer. Only three species of fl owering plant survive 
in this habitat — they live along the west coast of the Antarctic Peninsula (see 
fi gure 8.11). Th ese are two species of grasses, Deschampsia parvula and D. ele-
gantula, and a cushion plant, Colobanthus crassifolius. Other plants found 
in terrestrial Antarctica are mosses, as well as many species of lichen, which 
are partnerships of fungi and algae (see fi gure 8.12). Terrestrial algae, such as 
Prasiola sp., grow on open ground and damp rocks, and there is also a pink snow 
alga (see fi gure 8.13).

fiGURe 8.12 Vegetation in 
terrestrial Antarctica in summer. 
What would a winter picture 
show?

fiGURe 8.13 A biological scientist 
examines ‘pink snow’ in an area of 
melting ice on Antarctica’s fringe. 
The pink effect is caused by algae, 
mainly Chlamydomonas nivalis.

ANTARCTICA

Antarctic
Peninsula

fiGURe 8.11 Location of the 
Antarctic Peninsula

Odd fact

Australia has a land area of 
about 7  600  000 km2 and 
the mainland lies between 
latitudes 10°S (Cape York) 
and 39°S (Wilson’s 
Promontory).
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Only a few animal species survive on terrestrial Antarctica, and these 
include insects, such as species of springtails (Cryptopygus antarcticus), wing
less fl ies (Belgica antarctica) and midges. Th ere are also other invertebrates 
such as species of mites, Alaskozetes antarctica and Tydeus tilbrooki, as well 
as brine shrimps and nematodes. Why are seals and penguins excluded from 
this list?

In general, as we move from the poles to the equator, species richness of 
terrestrial communities increases. Th is means that more species and hence 
more populations exist in a given area of a tropical rainforest ecosystem than 
in a similar area of a temperate forest ecosystem. In turn, an area of temperate 
forest ecosystem has more populations than a similar area of a conifer (boreal) 
forest ecosystem in cold regions of the northern hemisphere. For example, a 
twohectare area of forest in tropical Malaysia has more than 200 diff erent tree 
species while a similar area of forest 45° north of the equator contains only 
15 diff erent tree species.

Let’s now look at some diff erent communities. 

The community of a littoral zone
Th e littoral (intertidal) zone of a rocky seashore (see fi gure 8.14) has a living 
community that includes various populations of green and brown algae and 
sponges that are situated at the low tide mark. Higher up in the intertidal 
zone, animals including arthropods (such as barnacles and crabs), molluscs 
(such as periwinkles and mussels) and echinoderms (such as starfi sh) are 
found.

(a)

(b)

(c)

(d)

fiGURe 8.14 (a) The intertidal or 
littoral zone of a rocky shoreline. 
The living community of this 
ecosystem is most apparent 
at low tide and includes many 
organisms, such as: (b) barnacles 
(Tetraclitella purpurascens); 
(c) starfi sh or sea star (Nectria 
ocellata);  and (d) brown 
algae such as the strapweed 
(Phyllospora comosa), which may 
be seen at the low-tide mark.

Odd fact

In contrast to Antarctica, the 
island of Madagascar lies in 
the tropical zone about 20° 
south of the equator and 
has a land area of about 
580  000 km2. It has an 
estimated 13  000 plant species 
— more than one thousand 
times the number in Antarctica.

Odd fact

Twice per month, at new moon 
and at full moon, spring tides 
occur when high tide is at its 
highest and low tide is at its 
lowest. At the fi rst and third 
quarter phases of the moon, 
neap tides occur when the tidal 
movement is at its minimum.
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Th e littoral (or intertidal) zone is the narrow strip of coast that lies between 
the lowwater mark (LWM) of low tide and the highwater mark (HWM) of 
high tide. Th is zone is aff ected by the tides, being exposed at each low tide and 
submerged at each high tide.

Th e littoral zone can be a nearvertical cliff  face; in other locations, it can be 
a nearhorizontal rock platform.

Th e littoral zone is often subdivided into lower, middle and upper regions. 
Note that these are artifi cial subdivisions and there is no sharp boundary 
delimiting each region. Th e ‘splash zone’ lies above the upper region (see 
fi gure 8.15a).

Th e various species living in the littoral zone are exposed to a wide range of 
environmental conditions varying from total submergence to total exposure to 
the air. At low tide when the littoral zone is exposed, organisms must cope with 
drying air and heat from the sun. Th ey may be exposed to fresh water during 
periods of heavy rain. At high tide, when the littoral zone is submerged, organ
isms are returned to conditions where they are aff ected by water currents.

Th e various species found in the littoral community are not distributed 
uniformly throughout the zone. Th is suggests that the various species diff er 
in their tolerance to exposure to the air and risk of desiccation (drying out). 
One species may tend to be found higher up in the littoral zone than another 
species; for example, periwinkles are typically found much higher in the lit
toral zone than algae.

Several species of rock barnacles, including the sixplated barnacle 
(Chthamalus antennatus) and the surf barnacle (Catomerus polymerus), can 
be found in the littoral zone. During lowtide periods when they are exposed 
to the air, barnacles are protected against desiccation by the presence of hard 
valves that seal each barnacle into its moist chamber (see fi gure 8.15b).

Splash zone

Upper region

Lower region
Middle region

LWM

HWM

(a) (b)

fiGURe 8.15 (a) The littoral 
zone can be subdivided into 
a number of regions: lower, 
middle and upper. The splash 
or spray zone lies above the 
upper region. Tide heights 
vary during the month: LWM = 
low-water mark; HWM = high-
water mark. (b) Periwinkles are 
common in the splash zone 
of rocky shores on Australia’s 
east coast. These periwinkles 
of family Neritidae are often 
seen clustered in depressions 
or along cracks in rocks.

The community of an open forest
Th e plant community living in one open forest (see fi gure 8.16a) consists of:
• an upper storey made of the leafy tops (canopies) of various trees, such as the 

narrowleaved peppermint (Eucalyptus radiata), the messmate (E. obliqua) 
and the manna gum (E. viminalis)

• a middle storey consisting of shrubs, including the black wattle (Acacia 
mearnsii)

• a ground cover of various herbs and hardy ferns.

Odd fact

Barnacles begin life as 
free swimming larvae. The 
adults are sessile (fi xed) 
and live adhering to rock 
surfaces. Barnacles are 
hermaphrodites, each 
animal having both male and 
female reproductive organs. 
Cross-fertilisation occurs in 
barnacles.
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Other members of this open forest community include various fungi and, 
within the soil, many microbe populations (see � gure 8.16b).

� e open forest community includes many animal populations. Hidden in 
tree hollows are possums, which are active at night (see � gure 8.16c). Various 
bird species feed in the forest, some kinds in the upper canopy, others in the 
middle storey and some are ground feeders. Tiny skinks sun themselves on 
rocks and scurry into the litter layer when disturbed. � e litter layer and the 
underlying pockets of soil also contain populations of invertebrates, such as 
centipedes and beetles.

FIGURE 8.16 Part of an open forest ecosystem. Which members of its living community are most prominent? The 
living community of this ecosystem includes: (a) various species of Eucalyptus and wattles of the genus Acacia as 
well as (b) many small plants and fungi (c) various animals. What component of an ecosystem cannot be easily 
shown in a photograph?

(c)(b)(a)

The community of a mallee ecosystem
If we visit the Little Desert National Park in north-west Victoria, we would 
� nd ourselves in the Mallee, a region of low rainfall, with sandy soils that 
in some areas are salty. � e Little Desert National Park covers an area of 
132  000 hectares. � e living community in this mallee ecosystem includes 
more than 670 species of native plants and more than 220 species of birds, 
including the endangered mallee fowl (Leipoa ocellata) (� gure 8.17c).

� e living community of this mallee ecosystem includes many reptiles, 
including geckos, skinks, snakes and lizards, such as the shingleback lizard 
(Trachydosaurus rugosus) (� gure 8.17b), many birds including the mallee 
fowl and the musk lorikeet (Glossopsitta concinna) (� gure 8.17d), and many 
mammals including Mitchell’s hopping mouse (Notomys mitchelli). Near 
waterholes or after rain, some of the frogs of this ecosystem can be seen and 
heard, such as the eastern banjo frog (Limnodynastes dumerillii). A diversity of 
plant species lives in a mallee ecosystem, including many multi-stemmed euca-
lypts (� gure 8.17a) such as green mallee (Eucalyptus viridis) and red mallee 
(E. calycogona). Other plants include the drooping she-oak (Allocasuarina 
verticillata) (see � gure 8.18) and the buloke (Allocasuarina luehmannii), and 
native conifers, such as slender cypress pine (Callitris preissii) and Oyster Bay 
pine (Callitris rhomboidea). Invisible bacteria that are present in the soil form 
an important part of this ecosystem.

ODD FACT

The foliage of she-oaks 
(Allocasuarina spp.) does 
not consist of typical leaves. 
Fine green branches, 
known as cladodes, do 
the photosynthetic work of 
leaves. The true leaves are 
reduced to very small pointed 
scales at the nodes of these 
branches.
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fiGURe 8.17 Part of a mallee 
ecosystem of the Victorian 
Little Desert. The living 
community includes various 
plants and animals.(a) Note 
the multi-stemmed nature of 
the mallee eucalypts, which 
differs from the single trunk 
seen in most other eucalypts. 
(b) A shingleback lizard 
(Trachydosaurus rugosus). 
(c) A mallee fowl (Leipoa 
ocellata). (d) A musk lorikeet 
(Glossopsitta concinna).

(a)

(c) (d)(b)

Keystone species in ecosystems
An ecological community typically has many populations, each composed of a 
diff erent species. Within an ecosystem, each species has a particular role — it 
may be as producer, or consumer or decomposer; it may be as a partner or 
player in a particular relationship with another species. Some species have 
a disproportionately large impact on, or deliver a unique service to, the eco
system in which they live. In some cases, their presence is essential for the 
maintenance of the ecosystem. 

Th ese species are termed keystone species for their particular ecosystems. 
Th e importance of keystone species is highlighted by the fact that their loss 
would be expected to lead to marked and even radical changes in their ecosys
tems, compared with the potential impact of the loss of other species.

On the great grasslands of Africa, elephants (Loxodonta sp.) are a keystone 
species. Th rough their feeding activities, elephants consume small Acacia 
shrubs that would otherwise grow into trees. Th ey even knock over and uproot 
large shrubs as they feed on their foliage. Th rough these activities, elephants 
control the populations of trees on the grassland, maintaining the ecosystem 
as an open grassland. Th e herbivores of the grasslands, including species of 
wildebeest, zebra and antelope, feed by grazing and depend on the existence 

fiGURe 8.18 Jointed stems 
(cladodes) of a species of 
Casuarina sp.
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of these grasslands. Similarly, the predators of the grasslands, such as lions, 
hyenas and painted hunting dogs, depend on the open nature of the grass
lands for hunting and catching prey. Removal of the elephants would, over 
time, lead to the loss of grasslands and their conversion to woodlands or 
forests. 

In some marine ecosystems, starfi sh are keystone species because they are 
the sole predator of mussels. If starfi sh were removed from such ecosystems, in 
the absence of their only predators, mussel numbers would increase markedly 
and they would crowd other species. Th e presence of starfi sh in such an eco
system maintains the species diversity of the ecosystem.

In the tropical rainforests of far north Australia, cassowaries (Casuarius 
casuarius) are a keystone species. Cassowaries eat the fruits of some rainforest 
plants that are indigestible to all other rainforest herbivores. After digesting 
the fruits, cassowaries eject the seeds in their dung, thus playing a unique role 
in the dispersal of these plants (see fi gure 8.19). Because cassowaries wander 
widely through the rainforest, the seed dispersal is widespread. If cassowaries 
were to be lost from rainforest ecosystems, these ecosystems would be in 
danger of extinction. 

fiGURe 8.19 (a) A cassowary in a rainforest in Far North Queensland (b) Fruits of 
a rainforest tree species (c) Fruits of another rainforest tree species (d) Cassowary 
dung. Note the many seeds in this dung that are left after the cassowary has 
digested the fl eshy fruit, leaving viable seeds that can germinate at a distance from 
the tree that produced the fruit.

(a)

(b)

(c)

(d)
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Key ideaS

 ■ An ecosystem consists of a living community, its non-living physical 
surroundings, and the interactions both within the community and between 
the community and its physical surroundings.

 ■ The study of ecosystems is called ecology.
 ■ Ecosystems are the most complex level of biological organisation.  
 ■ A community is composed of several populations.
 ■ Each ecosystem has a living community composed of several populations.
 ■ A keystone species is one that has a disproportionately larger effect on the 
ecosystem in which it lives, relative to other species. 

QUicK checK

1 Identify whether each of the following statements is true or false.
a A population of plants is an example of an ecosystem.
b The water in a lake is an example of an ecosystem.
c An ecosystem is a more complex level of biological organisation than a 

community.
d A population is composed of several different species. 

2 Identify fi ve species you would expect to fi nd in a mallee community.
3 a Give an example of a keystone species.

b Identify an action of your example species on its ecosystem that makes it 
a keystone species.

Ecosystems need energy 
Every ecosystem must have a continual input of energy from an external 
source. Imagine a city with no energy supplies — no electricity, no gas, no pet
roleum and diesel. Such a city would have no lighting, no artifi cial heating, no 
refrigeration, no industrial activity and no mass transportation of people or 
goods. It would be unable to operate and would cease to be recognised as a 
functioning city.

Just as the operation of a complex unit like a city requires an input of energy, 
an ecosystem requires an input of energy for its operation. Energy is not 
recycled in an ecosystem — it must be supplied continually. So, from where 
does this energy come?

Th e external source of energy for almost all ecosystems on Earth is the radiant 
energy of sunlight (see fi gure 8.20).  In these ecosystems, sunlight energy is 
brought into the ecosystem by autotrophic organisms, such as plants, algae, 
phytoplankton or cyanobacteria. Th ese organisms capture sunlight energy and 
transform it into the chemical energy of sugars, such as glucose, through the 
process of photosynthesis. In these sunlit ecosystems, for example, a man
grove forest ecosystem (see fi gure 8.21a), life is sustained by photosynthesis:

 6CO2 + 12H2O  C6H12O6 + 6O2 + 6H2O
 light

However, some ecosystems lie beyond the reach of sunlight and are in per
manent darkness, such as the hydrothermal vent ecosystems many kilo
metres below the ocean surface (see fi gure 8.21b and refer to chapter 3, p. 110), 
and the Movile Cave ecosystem in Romania (refer to chapter 3, p. 109). Th e 
energy source for hydrothermal vent ecosystems comes from the chemical 
energy in inorganic chemicals, such as hydrogen sulfi de, which are released 

fiGURe 8.20 The radiant 
energy of sunlight is the 
source of energy for virtually 
all ecosystems on Earth. 
This sunlight energy travels a 
distance of about 150 million 
kilometres to Earth where a 
small fraction is captured by 
autotrophs such as green 
plants and phytoplankton, 
and transformed to chemical 
energy in organic molecules, 
such as sugars.
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from the  vent. Similarly, in the Movile Cave ecosystem, the energy source is 
the chemical energy present in inorganic compounds, such as hydrogen 
sulfi de, that rise from thermal areas deep below the caves. Th is energy is 
brought into these ecosystems by microbes that use the chemical energy of 
these simple inorganic compounds to build organic compounds through the 
process of chemosynthesis. In these sunless ecosystems, life is sustained by 
chemosynthesis.

For example, in ecosystems in permanent darkness, chemosynthesis occurs 
as follows:

6CO2 + 24H2S + 6O2 → C6H12O6 + 24S + 18H2O
carbon dioxide + hydrogen sulfi de + oxygen → sugar + sulfur + water

(a)

fiGURe 8.21 Ecosystems in light and darkness (a) A mangrove forest ecosystem derives its energy from sunlight and is 
sustained by photosynthesis. (b) A hydrothermal vent ecosystem in permanent darkness derives its energy from inorganic 
chemicals released by the vent (shown on the right in longitudinal section) and is sustained by chemosynthesis.

(b)

Who’s who in an ecosystem community?
In an ecosystem, the members of the living community can be identifi ed 
as belonging to one of the following groups: producers, consumers, or 
decomposers.

Producers: the energy trappers
Producers are those members of an ecosystem community that bring energy 
from an external source into the ecosystem. Producers capture sunlight energy 
and transform it into chemical energy in the form of sugars, such as glucose, 

making it available within the community. Examples of pro
ducers are autotrophic organisms, such as plants, algae, 
phytoplankton and photosynthetic microbes. Although they 
are microscopic, phytoplankton are visible on a global scale 
because of their accumulated mass (see fi gure 8.22).

fiGURe 8.22 Colour-coded satellite image of surface 
chlorophyll from the presence of phytoplankton in the Southern 
Ocean around Antarctica in summer. Purple areas have little 
phytoplankton; orange areas have the highest concentration of 
phytoplankton. Note the high concentration of chlorophyll (and 
hence of phytoplankton) over the continental shelf surrounding 
the Antarctic continent. 

For the remainder of this chapter, 
we will use the term ecosystem 
to refer to a sunlightpowered 
ecosystem.
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Th e organic compounds made by producer organisms provide the chemical 
energy that supports their own needs. In addition, these organic compounds 
also provide the chemical energy that supports, either directly or indirectly, all 
other community members of the ecosystem (see fi gure 8.23). No ecosystem 
can exist without the presence of producers. In short, no producers equals no 
ecosystem.

In aquatic ecosystems, such as seas, lakes and rivers, the producers are 
microscopic phytoplankton, macroscopic algae and seagrasses.

In terrestrial ecosystems, producer organisms include familiar green plants. 
Th ese, in turn, include trees and grasses, other fl owering plants, conebearing 
plants such as pines, and other kinds of plant such as ferns and mosses (see 
fi gure 8.23). All of these producers convert the energy of sunlight into the 
chemical energy of glucose through the process of photosynthesis.

fiGURe 8.23 Producers from 
a range of ecosystems

Ecosystem: temperate marine kelp 
 forest
Producers: algae, including the string 
kelp, Macrosystic angustifolia

Ecosystem: Antarctic marine 
 ecosystem
Producers: many species of 
 phytoplankton

Ecosystem: temperate closed forest
Producers: various woody fl owering 
 plants, ferns and mosses

In some ecosystems, various species of bacteria, such as cyanobacteria, 
are also among the producers (see fi gure 8.24). Cyanobacteria have a form of 
chlorophyll and can carry out photosynthesis. While individual cells of cyano
bacteria are microscopic, under certain favourable conditions the cell number 
can increase exponentially — this is a socalled ‘bloom’.

fiGURe 8.24 Some bacteria, 
such as cyanobacteria, 
can transform the energy 
of sunlight to the chemical 
energy of sugars, such 
as glucose. Here we 
see a so-called ‘bloom’ 
of cyanobacteria (either 
Anabaena sp. or Microcystis 
sp.) in a river. Would you 
predict that cyanobacteria 
possess a type of chlorophyll?

UNCORRECTED P
AGE P

ROOFS



NATuRE oF biology 1344

Consumers in an ecosystem
Another group typically present in the living community of an ecosystem are 
the consumers. Consumers are heterotrophs that rely directly or indirectly on 
the chemical energy of producers (see fi gure 8.25). 

Producers

Energy used by producers themselves is
then lost from the system as heat energy.

Energy available for
consumers

Chemical energy
from trapped 
sunlight

fiGURe 8.25 The chemical 
energy in sugars from 
sunlight energy trapped by 
producers is used mainly by 
the producers themselves for 
staying alive. A small amount 
of this energy is available to 
consumers in the ecosystem.

Consumers or heterotrophs are those members of a community that must 
obtain their energy by eating other organisms or parts of them. All animals 
are consumers and, in aquatic ecosystems, examples of consumer organisms 
include: fi sh, which graze on algae; sharks, which eat fi sh; and crabs, which 
eat dead fi sh. In terrestrial ecosystems, consumer animals include: wallabies, 
which eat grass; koalas, which eat leaves; snakes, which eat small frogs; eagles, 
which eat snakes; echidnas, which eat ants; numbats, which eat termites; and 
dunnarts, which eat insects (see fi gure 8.26).

fiGURe 8.26 Examples of consumer animals in a 
terrestrial ecosystem (a) The koala (Phascolarctos 
cinereus), an Australian marsupial, is a herbivore. It 
consumes the leaves of certain species of Eucalyptus. 
(b) The common dunnart (Sminthopsis murina) is a small 
Australian marsupial mammal. It is a carnivore and feeds 
mainly on insects.

(a) (b)

Consumer organisms can be subdivided into the following groups:
• herbivores, which eat plants, for example, wallabies and butterfl y caterpillars
• carnivores, which eat animals, for example, numbats, snakes, and coral 

polyps
• omnivores, which eat both plants and animals, for example, humans and 

crows
• detritivores, which eat decomposing organic matter, such as rotting leaves, 

dung or decaying animal remains, for example, earthworms, dung beetles 
and crabs.

Odd fact

The dietary habits of the 
little crow, Corvus bennetti, 
which lives in inland Australia, 
show that its diet is typically 
composed of insects (48%), 
plant material (26%) and 
carrion (26%).
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Fragments of dead leaves and wallaby faeces on a forest fl oor, pieces of rot
ting algae and dead starfi sh in a rock pool are all organic matter, which con
tains chemical energy. Particles of organic matter like this are called detritus. 
Th e organisms known as detritivores use detritus as their source of chemical 
energy. Detritivores take in (ingest) this material and then absorb the products 
of digestion. Detritivores diff er from decomposers (see below) in that decom
posers fi rst break down the organic matter outside their bodies by releasing 
enzymes and then they absorb some of the products.

Decomposers:  the recyclers
Typical decomposer organisms in ecosystems are various species of fungi 
and bacteria (see fi gure 8.27). Decomposers are heterotrophs, which obtain 
their energy and nutrients from organic matter; in their case, the ‘food’ is dead 
organic material. Decomposers are important in breaking down dead organ
isms and wastes from consumers, such as faeces, shed skin and the like. Th ese 
all contain organic matter and it is the action of decomposers that converts this 
matter to simple mineral nutrients. Decomposers diff er from other consumers 
because, as they feed, decomposers chemically break down organic matter into 
simple inorganic forms or mineral nutrients, such as nitrate and phosphate. 
Th ese mineral nutrients are returned to the environment and are recycled when 
they are taken up by producer organisms. So, decomposers convert the organic 
matter of dead organisms into a simple form that can be taken up by producers. 

fiGURe 8.27 (a) Clusters of fruiting bodies of the fungi Coprinus disseminatus, 
found on rotting wood that is its food (b) Fungal growth on apples. What is 
happening?

(a) (b)

Of the three groups described — producers, consumers and decomposers — 
only two are essential for the functioning of an ecosystem. Can you identify which 
two? One essential group comprises the organisms that capture an abiotic source 
of energy and transform it into organic matter that is available for the living com
munity. Who are they? Th e second essential group is the one that returns organic 
matter to the environment in the form of mineral nutrients. Who are they?

Key ideaS

 ■ Every ecosystem must have a continual input of energy from an external 
source.

 ■ The organisms in an ecosystem can be grouped into the major categories 
of producers, consumers and decomposers.

 ■ Producers use the energy of sunlight to build organic compounds from 
simple inorganic materials.

 ■ Consumers obtain their energy and nutrients from the organic matter of 
living or dead organisms.

 ■ Consumers can be subdivided into various groups.
 ■ Decomposers break down organic matter to simple mineral nutrients.
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QUicK checK

4 Identify whether each of the following statements is true or false.
a Producer organisms in an ecosystem must be green plants.
b Every functioning ecosystem must have producer organisms.
c Decomposer organisms are important in breaking down organic matter to 

simple inorganic compounds.
d Every ecosystem requires a continual input of external energy. 

5 Three ecosystems were identifi ed in fi gure 8.23. Choose one ecosystem 
and give an example of an organism in that community that is likely to be 
identifi ed as: (a) a producer; (b) a consumer; (c) a decomposer.

Energy fl ows through ecosystems
Th e chemical energy that is generated by producers is available as energy for 
living for the producers themselves and is also available for all consumers in an 
ecosystem. Chemical energy can be transferred from one organism to another. 
When consumers feed, chemical energy is transferred from one organism (the 
one eaten, in whole or part) to another (the eater) (see fi gure 8.28).

So next time you eat potatoes, consider the fact that you are taking in chem
ical energy produced by the photosynthetic activity of the leaves of the potato 
plant that transformed sunlight energy to glucose. Th is glucose was converted 
to sucrose that was transported through the phloem of the plant to under
ground stems (tubers) where it was stored as starch.

fiGURe 8.28 This bird, a secondary consumer, has captured the chemical 
energy of a caterpillar, a primary consumer. In turn, this caterpillar obtained its 
chemical energy from the plant on which it fed. From where did this plant obtain 
its chemical energy?

Consumers that feed directly on the organic matter of producers are termed 
primary consumers, including leafeating caterpillars (see fi gure 8.29) 
and other sapsucking insects and herbeating wallabies. Consumers that 
feed on primary consumers are termed secondary consumers, such as 
birds that eat caterpillars. Eagles that eat these carnivorous birds are termed 
tertiary consumers or top carnivores. Decomposers cannot be identifi ed 
easily as primary or secondary consumers since they feed on the dead remains 
of both plants and animals.

UNCORRECTED P
AGE P

ROOFS



347CHAPTER 8 Relationships within an ecosystem

fiGURe 8.29 Sometimes herbivores or primary consumers themselves are not 
visible, but the results of their feeding activities can be seen.

Feeding levels in a community
Th e feeding level or trophic level (from trophe = food) of an organism within 
a community depends on what the organism eats. Producer organisms that 
make their own food occupy the fi rst trophic level. Table 8.1 identifi es the 
various trophic levels that can exist in an ecosystem. Organisms that are 
classifi ed as omnivores (refer to p. 344) do not fi t neatly into one trophic 
level. (Why?)

taBLe 8.1 Different trophic levels may exist in an ecosystem. What level is 
occupied by a primary consumer? Why is it dif� cult to include decomposers 
in this table?

Trophic 
level

organisms at that 
level Source of chemical energy or ‘food’

fi rst producers make organic matter (food) from inorganic 
substances using energy of sunlight

second primary consumers
(herbivores)

eat plants or other producers

third secondary consumers
(carnivores)

eat planteaters

fourth tertiary consumers
(top carnivores)

eat predators

Figure 8.30 shows the types of organism in a community that might be 
present at diff erent trophic levels.

Th e transfer of chemical energy is not 100 per cent effi  cient — at every 
transfer, some energy is ‘lost’ as heat energy that cannot be used as a source of 
energy for living. A rough rule of thumb used by ecologists for the transfer of 
energy between trophic levels is the 10percentrule: that is, only about 10 per 
cent of the energy going into one trophic level is available for transfer to the 
next trophic level. 

Odd fact

For every 100 kg of pasture 
that beef cattle eat, they 
produce about 4 kg of meat.
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fiGURe 8.30 Comparison of 
producers and consumers in 
a terrestrial and an aquatic 
ecosystem. Which organisms 
are the producers in each? 
What is the energy source for 
organisms at the third trophic 
level?

Trees and shrubs
Grasses
Ferns

Herbivores
Plant-eating insects
Small birds
Possums

Carnivores
Antechinus
Owls

Snakes
Eagles

Phytoplankton
Algae

Zooplankton
Whelks

Star�sh
Small �sh

Large �sh
Sharks

Radiant energy of sunlight

PRODUCERS
1st trophic level

PRIMARY CONSUMERS
2nd trophic level

SECONDARY CONSUMERS
3rd trophic level

TERTIARY CONSUMERS
4th trophic level

Open forest ecosystem Temperate coastal
sea ecosystem

Carnivores
(secondary
consumers)

Herbivores
(primary

consumers)

Producers
120 units of

chemical energy

100 units ‘lost’ as heat 18 units ‘lost’ as heat

20 2

Sunlight
            energy

fiGURe 8.31 Energy fl ow in an ecosystem. The values are averages. Is the amount of energy that enters a trophic 
(feeding) level equal to the amount that fl ows to the next level?

Several important conclusions arise from the fact that energy is lost as heat 
energy at each trophic level in an ecosystem.
1. Th e number of trophic levels in ecosystems is limited, with many ecosys

tems having only three levels.
2. Th e higher the trophic level of organisms, the greater the energy cost of 

production of their organic matter. So, the production of carnivore organic 
matter requires more energy than the production of an equal amount of 
herbivore organic matter.

3. Energy must be supplied continually to an ecosystem, because it fl ows in a 
oneway direction and is not recycled.

People are primary consumers when they obtain chemical energy from 
eating cereal crops and are secondary consumers when they obtain chemical 
energy from eating beef. A consequence of conclusion 2 above is that larger 
human populations can be supported on cereal crops grown on a given area 
of land than can be supported on beef from cattle reared on this same area of 
crop.
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Similarly, it is not surprising that very large numbers of herbivores, such 
as wildebeest (Connochaetes taurinus) and the plains zebra (Equus. quagga) 
can be sustained on the African grasslands (see fi gure 8.32) but the carnivores, 
such as lions, that feed on them exist in much smaller numbers.

fiGURe 8.32 The vegetation 
of the African grasslands 
supports large numbers of 
herbivores, which occupy 
the second trophic level in 
this ecosystem. In contrast, 
carnivores at the third trophic 
level are sustained in much 
lower numbers.  

Th e following box outlines a study that showed how much chemical energy 
in the form of fi sh is needed to produce a penguin chick.

Th ere are signifi cant challenges in answering this 
question, such as: how much chemical energy in 
food is required to rear an Adelie penguin chick from 
hatchling to fl edging? However, Australian scien
tists have developed technology to help answer this 
question.

Adelie penguins (Pygoscelis adeliae) are the most 
common penguin species living in Antarctica. Th e 
major part of their diet is krill. It is important that the 
feeding behaviour of Adelie penguins is understood. 
To do this in a way that minimises handling the pen
guins, a team led by Dr Knowles Kerry developed 
an automated penguin monitoring scheme (APMS) 
that is being used with a colony of Adelie penguins 
consisting of 1800 breeding pairs. Th e colony is 
located on Bechervaise Island near Mawson Station, 
Antarctica.

Th e APMS is an automated scheme that involves 
a weighbridge that penguins must cross when they 
enter or leave the colony (see fi gure 8.33). By meas
uring the mass of the penguin on exit from the colony 
and its mass on return from a feeding trip, an estimate 
can be made of the success of its feeding activity.

As well as recording their mass, the APMS also 
logs individual birds into and out of the colony. Th is 
outcome involves implanting an electronic identifi 
cation tag under the skin along the lower backs of a 
selected sample of penguins. As the penguin crosses

fiGURe 8.33 An Adelie penguin returning 
to the colony via a weighbridge

the weighbridge, a nearby antenna detects and 
records the specifi c tag. Th e direction that the pen
guin is travelling can be identifi ed because the bird 
must cross two infrared beams. Th e order in which 
the beams are cut identifi es the direction.

By weighing particular penguins as they leave 
their breeding colony and as they return, it is poss
ible to estimate the mass of krill that these penguins 
are bringing back to the colony to feed their young. 
From these measurements, it was estimated that 
raising a penguin chick to fl edging required 45 kg of 
food. Th e weight of an Adelie penguin at the time of 
fl edging is about 3.1 kg. What happened to the other 
41.9 kg of food?

What iS the eNeRGy cOSt Of pROdUciNG a chicK?
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Showing energy transfers
Th e transfers of chemical energy in an ecosystem may be shown in various 
ways, such as:
• food chains
• food webs.

In both representations, arrows show the direction of energy transfer from 
eaten to eater, but the amount of energy transferred is not shown. 
Food chains
Th e fl ow of chemical energy can involve more than two kinds of organism. In 
a mulga scrub ecosystem in the Flinders Ranges, part of the chemical energy 
present in the organic matter of grass is transferred to yellowfooted rock wal
labies (Petrogale xanthopus) when they feed. In turn, some of this chemical 
energy is transferred to the wedgetailed eagles (Aquila audax) that prey on 
young rock wallabies.

Th is oneway energy transfer can be shown as a simple diagram known as 
a food chain (see fi gure 8.34). Arrows show the direction of fl ow of chemical 
energy from the eaten to the eater.

Grasses
and plants

Yellow-footed
rock wallaby

Wedge-tailed
eagle

fiGURe 8.34 A simple 
food chain in an 
ecosystem. What do 
the arrows denote? 

Th e energy fl ow in an ecosystem is more complex than can be shown with a 
food chain. Food chains have certain limitations.
• Food chains may suggest that a particular consumer obtains its chemical 

energy from a single source, but this is not always the case. Th e fl ow of 
chemical energy to wedgetailed eagles is not only from rock wallabies, but 
also from rabbits and small birds.

• Food chains may suggest that a particular consumer always occupies 
the same position in terms of energy fl ow. Th is is not always the case; for 
example, yellowbellied gliders (Petaurus australis) obtain chemical energy 
from both producers (sap, nectar) and consumers (insects).

• Food chains may suggest that chemical energy fl ows from one kind of 
organism to only one kind of consumer. Th is is not always the case. One kind 
of organism may be eaten by several other kinds. Th e chemical energy in 
grasses fl ows not only to rock wallabies, but also to other herbivores in the 
same ecosystem.

• Food chains often do not show the energy fl ow from dead organisms, from 
parts of organisms or their waste products.

Food webs
Th e fl ow of chemical energy in an ecosystem can also be shown using a rep
resentation known as a food web, such as the one in fi gure 8.35.

Th e producer organisms in an ecosystem are usually shown at the base of 
a food web diagram. Arrows show the direction of fl ow of chemical energy in 
an ecosystem from the eaten to the eater. In a food web, the fl ow of chemical 
energy from the organic matter of dead organisms can be included.

You will notice that a food web includes many food chains. Can you identify 
a food chain from grasses to wedgetailed eagles through a primary and a 
secondary consumer?

interactivity 
Food chains
int-3035

Unit 1 food webs
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Rabbit

Feral goat

Quail-thrush

Snake
Fungi

Decomposer
bacteria

Dead animals

Plant litter

Insects

Grasses

Wedge-tailed eagle

fiGURe 8.35 A food web 
showing the fl ow of chemical 
energy through the different 
kinds of organism in an 
ecosystem

Key ideaS

 ■ Chemical energy � ows through ecosystems when consumers feed.
 ■ Organisms in an ecosystem community can often be assigned to different 
trophic (feeding) levels.  

 ■ Chemical energy from organism at one trophic level passes to organisms 
at a higher trophic level, with loss of heat energy at each level.

 ■ Only a small fraction of the energy taken in by consumers in their food 
appears as organic matter in their tissues.

 ■ A rough rule-of-thumb is that the fraction of chemical energy transferred 
between trophic levels is about one-tenth, or 10 per cent.

 ■ Energy transfers within an ecosystem can be shown as food chains and 
food webs.

QUicK checK

6 Identify whether each of the following statements is true or false.
a Producers occupy the fi rst trophic level in an ecosystem.
b Energy is gained at each higher trophic level in an ecosystem.
c In an ecosystem, herbivores would be expected to occur in greater 

numbers than carnivores. 
7  a In an ecosystem, which energy fl ow would be greatest:

 i energy fl ow from primary to secondary consumers
  ii energy fl ow into producers
iii energy fl ow from secondary to tertiary consumers?

b Which energy fl ow would be least?
8 Which has the higher energy cost of production: one gram of herbivore 

tissue or one gram of carnivore tissue?
9 Consider food chains and food webs. Which representation gives a more 

complete picture of the feeding interactions within an ecosystem? Briefl y 
explain your choice.
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interactions within ecosystems
Interactions are continually occurring in ecosystems as follows:
• between the living community and its nonliving surroundings through 

various interactions, such as plants taking up mineral nutrients from the 
soil and carbon dioxide from the air, and animals using rocks for shade or 
protection

• within the nonliving community through interactions such as heavy rain 
causing soil erosion, and high temperatures causing the evaporation of 
surface water from a shallow pool  

• within the living community through many interactions between members 
of the same species and between members of diff erent species.
In the following section we will explore some of the interactions that occur 

within the living community of an ecosystem.

Competition within and between species
In an ecosystem, certain resources can be in limited supply, such as food, 
shelter, moisture, territory for hunting and sites for breeding or nesting. In situ
ations where resources are limited, organisms compete with each other for 
them.

Competition may be between members of the same species. For example, 
pairs of parrots of the same species compete for suitable hollows in old trees for 
nesting sites. Competition between members of the same species for resources 
is termed intraspecifi c competition.

Members of a population of one species also compete with members of 
populations of other species and this is termed interspecifi c competition. For 
example, members of diff erent plant populations in the same ecosystem com
pete for access to sunlight, and diff erent animal species may compete for the 
same food source. 

Competition occurs when one organism or one species is more effi  cient 
than another in gaining access to a limited resource, such as light, water or ter
ritory, for example:
• faster growing seedlings will compete more effi  ciently in gaining access to 

limited light in a tropical rainforest than slower growing members of the 
same species; the faster growers will quickly shade the slower growers from 
the light and deprive them of that resource

• when soil water is limited, a plant species with a more extensive root system 
will compete more effi  ciently for the available water than a diff erent plant 
species with shallow roots and deprive it of that resource.

Figure 8.36 shows an example of competition for space between two species of 
anemones. Th e competitive interaction between the two anemones is very vis
ible to an observer. Th is is also the case for other competitive interactions, such 
as when a number of smaller birds of one species ‘mob’ a larger bird of another 
species that enters their nesting territory.

(a) (b) (c) (d)

fiGURe 8.36 Anemones 
compete for space and food. 
(a) If an anemone encroaches 
too closely to another, (b) the 
original occupant will infl ate 
its tentacles and (c) release 
poisoned darts from stinging 
cells. The intruder may retaliate 
and return fi re. (d) Eventually 
one of the anemones retires 
from the fi ght.
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Amensalism: bad luck for you, but i’m oK
Amensalism is any relationship between organisms of diff erent species in 
which one organism is inhibited or destroyed, while the other organism gains 
no specifi c benefi t and remains unaff ected in any signifi cant way.

Examples of amensalism include the foraging or digging activities of some 
animals, such as wild pigs, that kills soil invertebrates or exposes them to pred
ators. While soil invertebrates may be destroyed by the foraging of pigs, the 
pigs do not benefi t from these deaths. Other similar examples are the destruc
tion of pasture plants by the trampling actions of hardhoofed mammals, such 
as cattle or sheep, and the destruction of natural vegetation by the wallowing 
behaviour of water buff alo (see fi gure 8.37).

Another type of amensalism occurs when one species secretes a chemical 
that kills or inhibits another species, but the producer of the chemical 
is unaff ected and gains no benefi t from these deaths. Th is occurs with 
the Penicillium chrysogenum mould, which produces an antibiotic that 
kills many other bacterial species (see fi gure 8.38).  Th e mould gains no 
benefi t from the bacterial deaths caused by the antibiotic released by the 
mould. 

fiGURe 8.38 Penicillium mould growing on lemons

Some plant species also produce chemicals that inhibit the germination 
or growth of other plant species. Chemical inhibition of this type is termed 
allelopathy. Th e inhibitory chemicals are known as allelochemicals and they 
are made in various parts of a plant, such as roots, leaves or shoots. Plants 
known to produce allelochemicals include:
• crop plants such as barley (Hordeum vulgare), wheat (Triticum spp.), 

sorghum (Sorghum bicolor) and sweet potatoes (Ipomoea batatas)
• the black walnut tree (Juglans nigra) that secretes the chemical juglone, 

which destroys many plants within its root zone
• many species of pine.

Th e area under a pine tree that is covered with fallen needles is bare of 
plant growth (see fi gure 8.39). Why? When the pine needles fall, they release 
allelochemicals that inhibit germination of other plant species.

Odd fact

Some fungi produce 
chemicals that prevent the 
growth of bacteria. One such 
fungus is the green mould 
(Penicillium notatum), which 
is often seen growing on stale 
bread. The chemical that it 
produces is the antibiotic 
penicillin.

fiGURe 8.37 Aerial view 
showing wallow holes and 
trails made by water buffalo 
(Bubalus bubalis) that create 
channels which let fresh 
water drain away and allow 
salt water to enter, killing the 
natural vegetation
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Predator-prey relationships
In an open forest ecosystem after rain, a frog leaps 
towards a shallow pond. It pauses momentarily 
beside a clump of dense vegetation. A sudden move
ment occurs as an eastern tiger snake (Notechis scu-
tatus) strikes. Th e frog collapses, its muscles paralysed 
by neurotoxins in the snake’s venom. The snake eats 
the frog that has become a source of nutrients and 
energy for the snake. This is just one example of the 
predator–prey relationships in ecosystems. A predator–
prey relationship is one in which one species (the pred-
ator) kills and eats another living animal (the prey).

Predators or carnivores have structural, physio
logical and behavioural features that assist them to 
obtain food. Th ese features include the webbuilding 
ability of spiders, claws and canine teeth of big cats, 
heatsensitive pits of pythons, poison glands of snakes, 
visual acuity of eagles and cooperative hunting by 
dolphins.

Vacuuming, grasping, netting, ambushing, pursuing, piercing, fi ltering, 
tearing, engulfi ng, spearing, constricting, luring and biting — these are some 
of the diff erent ways that predators capture and eat their living prey. Can you 
identify predators that obtain their food in some of these ways?

Th ink about the labels ‘carnivore’ and ‘predator’. On land, these tend to call 
up an image of an animal such as a lioness (Panthera leo) equipped with strong 
teeth, sharp claws and powerful muscles, which stalks its prey, pursues it over 
a short distance and then overpowers and kills it. However, a netcasting spider 
(Deinopis subrufa) is equally a predator; it waits for its living prey to come to it 
to be snared on its web (see fi gure 8.40).

fiGURe 8.40 (a) A net-casting spider pulling out silk threads 
and crafting them into a net (b) Spider with a completed net. In 
Australia, nine species of spider within the genus Deinopis are 
distributed across most states.

(a) (b)

If you were asked to name a predator of the seas, the powerful white shark 
(Carcharodon carcharias), which actively hunts its prey, would probably 
spring to mind. However, the coral polyp (see fi gure 8.41b), which uses a ‘sit
andwait’ strategy, is also a carnivore, equipped not with teeth but with tiny 
stinging cells (see fi gure 8.41a).

fiGURe 8.39 Pine needles contain allelochemicals that 
inhibit the growth of weeds around the base of pine trees.
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(a) (b)

FIGURE 8.41 (a) Stinging cells or nematocysts (left: charged; right: discharged). The hollow coiled thread when 
discharged penetrates the prey and injects a toxin. (b) Coral polyps capture their prey, including � sh, using the stinging 
cells on their ‘arms’.

Predators come in all shapes and sizes and di� erent species obtain their 
prey using di� erent strategies. Let’s look at three snake species. Snakes are a 
remarkable group of predators — legless but very e�  cient!
• � e copperhead snake (Austrelaps superbus) lies in wait for its prey, such as 

a frog or a small mammal. When the prey comes within striking distance, 
the copperhead strikes, injecting its toxic venom.

• � e desert death adder (Acanthophis pyrrhus) (see � gure 8.42a) attracts its 
prey by using its tail as a lure. � e death adder partly buries itself in sand 
or vegetation and wriggles its thin tail tip. When its prey is attracted by the 
‘grub’ and comes close, the death adder strikes and injects its venom.

• � e green python (Chondropython viridis) actively hunts its prey by night 
in trees (see � gure 8.42b). Its prey includes bats, birds and tree-dwelling 
mammals. � e python locates its prey in the darkness using its heat-sensitive 
pits, located mainly on the lower lip under the eye, and it kills its prey, not by 
toxic venom but by constriction.

FIGURE 8.42 (a) The death adder has a short thick body but its tail tip is thin and is used as a lure to attract prey. 
Note how the snake positions its tail tip close to its head. What advantage does this behaviour have? (b) A green 
python on the hunt. Like most members of the family Boidae, the green python has heat-sensitive pits that can detect 
temperature differences as small as 0.2 °C between objects and their surroundings. By moving its head and responding 
to information from these sense organs on either side of its head, a python is able to locate a source of relative warmth 
such as a bird or a mammal. Can you see the pits along its lower lip?

(a) (b)
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Figure 8.43 tells an interesting story. Notice the Adelie penguins (Pygos-
celis adeliae) that are lined up eager to enter the water but holding back. Th ey 
must enter the water to feed on krill and small fi sh for themselves and for their 
chicks that are in a rookery away from the water. Th e penguins are reluctant 
to enter the water because of the leopard seal (Hydrurga leptonyx) on the ice. 
Leopard seals are major predators of Adelie penguins.

fiGURe 8.43 Adelie penguins 
waiting to enter the sea to 
feed. On the left is one of their 
major predators — a leopard 
seal. The leopard seal on 
land is slow and cumbersome 
and the penguins are safe. 
In fact, they can come quite 
close to the seal. In the water, 
however, the leopard seal 
becomes a swift, agile and 
effi cient predator of these 
penguins. Also present is 
a bird, a south polar skua 
(Stercorarius maccormicki), 
that will feed on fragments left 
by the leopard seal.

Response of prey species to predators
In the living community of an ecosystem, predators are 
not always successful in obtaining their prey. Various 
prey species show structural, biochemical and behav
ioural features that reduce their chance of becoming a 
meal for a potential predator. Following are examples of 
some features that protect prey.

Structural features
• Camoufl age: look like something else! Some insects in 

their natural surroundings look like green leaves, dead 
leaves or twigs, for example, the stick insect.

• Mimicry: look like something distasteful! Viceroy 
butterfl ies (Limentitis archippus) mimic or copy the 
colour and pattern of monarch butterfl ies (Danaus 
plexippus), which are distasteful to birds that prey on 
butterfl ies.

Behavioural features
• Stay still! Prey animals such as some rodents and birds 

reduce their chance of being eaten by staying still in 
the presence of predators.

• Keep a lookout! Meerkats gain protection from pred
ators by having one member of their group act as a 
sentry or lookout when the rest of the group is feeding 
(see fi gure 8.44). Th e lookout signals the approach of a 
predator, such as an eagle, and the group immediately 
fl ees to shelter.

• Schooling — safety in numbers! Individual organisms 
in a large group, such as a school of fi sh, have a higher 
chance of not being eaten than one organism that is sep
arated from the group.

fiGURe 8.44 Meerkats on sentry duty while a pup is 
feeding
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Biochemical features
• Produce repellent or distasteful chemicals! Larvae 

of the monarch butterfl y (Danaus plexippus) (see 
fi gure 8.45) feed on milkweeds that contain certain 
chemicals that cause particular predator birds to 
become sick. Th e larvae store these chemicals in 
their outer tissues and the chemicals are also present 
in adult butterfl ies. Predator birds that are aff ected 
by this chemical rapidly learn that the monarch 
butterfl ies are not good to eat. In fact, monarch butter
fl ies advertise that they are distasteful with bright 
warning colouration.

Herbivore–plant relationships
One of the most common relationships seen in living com
munities is a herbivore–plant relationship. Herbivores 
are organisms that obtain their nutrients by eating plants. 
Herbivores include many mammals, such as kangaroos, 
koalas and cattle, but the most numerous herbivores are 

insects, such as butterfl y larvae (caterpillars) (see fi gure 8.45), bugs, locusts, 
aphids and many species of beetle. Plants under attack from herbivores cannot 
run, hide or physically push them away. What can plants do?

Plants can protect themselves from damage by herbivores by physical means, 
such as thorns and spines, as seen in cacti, and also by means of stinging hairs, 
as in nettles. Various plant species also produce allelochemicals that either 
protect the plant from attack by herbivores or limit the damage done by them.
• Some plants produce chemicals that deter or poison insect herbivores; for 

example, some clovers (Trifolium spp.) produce cyanide.
• Some plants produce chemicals that interfere with the growth or develop

ment of insects; for example, an African plant known as bugleweed (Ajuga 
remora) produces a chemical that causes serious growth abnormalities in 
herbivorous insects.

Parasite–host relationships in animals
In a temperate forest, a wallaby hops through the undergrowth. A close exam
ination shows this wallaby is carrying some ‘passengers’ in the form of ticks 
that are attached to the animal’s face, near its eyes. Th e passengers in this 
case are adult female paralysis ticks (Ixodes holocyclus), which are native to 
Australia. Th e female ticks are noticeable because they are fully engorged after 
feeding on their host’s blood (see fi gure 8.46).

Th is is just one example of the many parasite–host relationships that 
occur in ecosystems. In a parasite–host relationship, one kind of organism 
(the parasite) lives on or in another kind (the host) and feeds on it, typically 
without killing it, but the host suff ers various negative eff ects in this relation
ship and only the parasite benefi ts. A variety of animals are parasitic, including 
insects, worms and crustaceans. (In addition, other kinds of organism — 
plants, fungi and microbes — can also be parasites.) It is estimated that para
sites outnumber freeliving species by about four to one.

Parasites that live on their host are called exoparasites, while those that 
live inside their host are termed endoparasites. Fleas, ticks and leeches are 
examples of exoparasites that feed on the blood of their host. Other external 
parasites are fungi, such as Trichophyton rubrum, a fungus that feeds on moist 
human skin causing tinea and athlete’s foot.

Some exoparasites, such as fl eas, live all of their lives on their host. Others, 
such as ticks, attach to and feed from their hosts at specifi c times only; at other 
times, they are off  the host. Th e life cycle of the paralysis tick, for example, has 
three stages: larva, nymph and adult (see fi gure 8.47). Each stage must attach 

fiGURe 8.45 A monarch butterfl y in its caterpillar 
stage

Unfed Half-fed Fully fed
(engorged)

fiGURe 8.46 Life-size 
representations of a tick. A 
female paralysis tick is smaller 
than a match head before it 
feeds on its host. As a tick 
feeds, it increases from about 
3 mm in length to about 
12 mm in length when it is 
fully engorged. Notice that 
a tick has eight legs and this 
makes it a member of the Class 
Arachnida, which includes 
other eight-legged arthropods, 
such as mites and spiders.
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to a host and feed on the host’s blood. Tick larvae hatch from eggs and must 
attach to a host and feed on its blood. After feeding, the larvae drop off  the 
host to the ground where they moult and become tick nymphs. A nymph then 
attaches to a host and feeds, after which it drops to the ground and moults to 
become an adult. Th e adult must also attach to a host and feed. After an adult 
female tick has fed, she drops off  her host, lays several thousand eggs and dies. 
Th e eggs hatch after about two months.

Nymphs

adults

drop 
off and 
moult

eggsLarvae

engorged 
adult 
female 
drops off 
and lays 
eggs

drop 
off and 
moult

hatch

fiGURe 8.47 Life cycle 
of a paralysis tick. This is 
sometimes referred to as 
a three-host tick. Can you 
suggest why?

 
Parasites are also found in freshwater and marine ecosystems. Parasitic 

lampreys have round sucking mouths with teeth arranged in circular rows 
(see fi gure 8.48). Lampreys attach themselves to their host’s body using their 
sucker mouth and rasp the skin of the host fi sh and feed on its blood and 
tissues (fi gure 8.49). Other examples of parasite–host relationships include 
roundworms and tapeworms that are endoparasites in the gut of mammals, 
such as the beef tapeworm, Taenia saginata and the pork tapeworm, 
T. solium.

Lamprey

fiGURe 8.49 Lamprey attached to its host
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fiGURe 8.48 Mouth of a 
wide-mouthed lamprey (Geotria 
australia) showing large teeth 
above the mouth and radiating 
plates with smaller teeth around 
the mouth
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Parasitoids are a varied group of organisms, mainly small wasps and 
fl ies, that are like parasites. (Th e suffi  x -oid means ‘like’.) Parasitoids kill their 
hosts, which are usually another kind of insect. A predator–prey relationship 
is of short duration with the death of the prey occurring quickly. In contrast, 
a parasitoid–host relationship has a longer duration before the host dies. In 
addition, unlike parasites, only the adult female wasp or fl y is a parasitoid.

A parasitoid, such as an adult female wasp, lays one or more eggs on or in 
the body of her specifi c host. Th e host is usually the immature stage (larva or 
caterpillar) of another kind of insect such as a fl y or butterfl y (see fi gure 8.50). 
Th e parasitoid wasp larva that hatches from the egg then slowly eats the host 
from inside and, when the vital organs are eaten, the host fi nally dies. Read the 
box on pages 364–5 for an example of parasitoids in action in horticulture.

fiGURe 8.50 Eggs of a 
parasitoid wasp on the 
caterpillar or larval stage of 
its host insect. What happens 
when the eggs hatch?

Parasite–host relationships in plants
Parasite–host relationships also exist in the Plant Kingdom. Two kinds of 
parasite–host relationship can be recognised, namely:
1. holoparasitism, in which the parasite is totally dependent on the host plant 

for all its nutrients
2. hemiparasitism, in which the parasite obtains some nutrients, such as 

water and minerals, from its host but makes some of its own food through 
photosynthesis.

Holoparasitism
Holoparasitism in plants is rare. One striking example of holoparasitism is seen 
in 15 plant species belonging to the genus Raffl  esia. Th ese species occur only in 
the tropical rainforests of Borneo and Sumatra. Raffl  esia plants are remarkable 

— they have no leaves, stems or roots and, most of the time, they 
grow as parasites hidden inside the tissues of one specifi c vine (Tet-
rastigma sp.). Th ey obtain all their nutrients from their host vines.

At one stage, a Raffl  esia parasite forms a bud on the roots of its 
host vine and, over a 12month period, the bud swells until fi nally 
it opens out into a single giant fl ower (see fi gure 8.51) that has the 
smell of rotting meat. (Why?) Raffl  esia fl owers are either male or 
female. Th e pollinators for Raffl  esia fl owers are fl ies and beetles 
that usually feed on dead animals (carrion).

fiGURe 8.51 Giant fl ower of Raffl esia arnoldii. This holoparasitic 
species produces the largest single fl ower in the world, measuring 
about one metre in diameter and weighing about 10 kg. A fl ower 
lasts for about one week. What are the pollinating agents for this 
plant? What is its host?
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Species of another group of holoparasites, known as dodder, have a world
wide distribution, including some species that occur in Australia. Dodders 
belong to the genus Cuscuta and our native species include the Australian 
dodder, C. australis, and the Tasmanian dodder, C. tasmanica. Dodder plants 
have no leaves and are parasites on the stems of many diff erent host plants, 
including crops such as clover, lucerne and potato, and ornamental plants 
such as dahlia and petunia.

Dodders obtain the water and nutrients they need for survival and for repro
duction from their host plants. Initially, a young dodder seedling has roots but, 
as soon as it attaches to a host, the roots die and the dodder simply consists 
of a mass of thin intertwining yellowish stems (see fi gure 8.52a). At various 
points, there are thickenings in the dodder stems and these are the sites where 
the dodder parasite penetrates the tissues of the host plant (see fi gure 8.52b).

(b)(a)

fiGURe 8.52 (a) Dodder parasite on its host. Note the intertwining yellow stems of the dodder and the 
occasional thickened regions of the dodder stem. What is happening here? (b) Photomicrograph showing 
tissue of one species of dodder (Cuscuta campestris) penetrating the tissue of its host plant (right). The thin 
strand of parasite tissue that forms the connection with the host is known as a haustorium (plural: haustoria).

Hemiparasitism
Hemiparasitism (hemi = ‘half’) is best known to most people through plants 
known as mistletoes. Australia has many species of mistletoe that are parasitic 
on diff erent host plants (see table 8.2). Mistletoes form connections (known as 
haustoria) with their host plants and the parasites obtain water and mineral 
nutrients from their hosts through the haustoria (see fi gure 8.53).

taBLe 8.2 Mistletoe species and their common hosts

Mistletoe species Hosts

sheoak mistletoe (Amyema 
cambagei)

various sheoaks, especially Casuarina 
cunninghamiana

paperbark mistletoe (Amyema 
gaudichaudii)

various paperbarks especially Melaleuca 
decora

grey mistletoe (Amyema quandong) Acacia species in dry woodlands

drooping mistletoe (Amyema 
pendulum)

Eucalyptus species in forests and woodland

Amylotheca dictyophleba various rainforest tree species

Odd fact

The parasitic plant Raffl esia 
arnoldii was fi rst reported to 
the scientifi c world in 1816, 
when it was discovered 
by Sir Stamford Raffl es 
and Dr Joseph Arnold in 
Sumatra — hence the scientifi c 
name of this species. Raffl es 
Hotel in Singapore is named 
after the same Raffl es.
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How do mistletoes reach their host plant since their seeds are large and 
fl eshy? We get a clue from the word ‘mistletoe’, which comes from two Anglo
Saxon words: mistel = ‘dung’ and tan = ‘twig’. Th is name arose from the mis
taken belief that mistletoes spontaneously arose from bird dung on trees. We 
now know that seeds of many mistletoe species are dispersed by birds. For 
example, in Australia, mistletoe seeds are spread by the mistletoe bird 
(Dicaeum hirudinaceum) (see Mutualism, below).

Mutualism
Mutualism is a prolonged association of two diff erent species in which both 
partners gain some benefi t. Examples of mutualism include:
• mistletoe birds (Dicaeum hirudinaceum) and mistletoe plants. Th e birds 

depend on mistletoe fruits for food and, in turn, act as the dispersal agents 
for this plant. Th e birds eat the fruit but the sticky seed is not digested. It 
passes out in their excreta onto tree branches where it germinates. An inter
esting behaviour is that, before voiding excreta, the birds turn their bodies 
parallel to the branch on which they are perching so that their droppings 
plus seeds lodge on the branch rather than falling to the ground.

• fungi and algae that form lichens (see fi gure 8.54). Th e fungus species of the 
lichen takes up nutrients made by the alga and the alga appears to be pro
tected from drying out within the dense fungal hyphae.

• fungi and certain plants. A dense network of fungal threads (hyphae) becomes 
associated with the fi ne roots of certain plants to form a structure known as a 
mycorrhiza (see fi gure 8.55). Plants with mycorrhizae are more effi  cient in 
the uptake of minerals, such as phosphate, from the soil than plants that lack 
mycorrhizae. Th is is because the mycorrhiza increases the surface area of root 
systems. Th e fungal partner gains nutrients from the plant.

Soil Root

Hyphae

(a) (b)

fiGURe 8.55 (a) Transverse 
section through a plant 
root showing thin threads 
(hyphae) of the associated 
fungus (b) Longitudinal 
section through root 
showing fungal hyphae

• nitrogen-fi xing bacteria and certain plants. Plants require a source of 
nitrogen to build into compounds such as proteins and nucleic acids. Plants 
can use compounds such as ammonium ions (NH4+) and nitrates (NO3−) but 
cannot use nitrogen from the air. However, bacteria known as nitrogenfi xing 
bacteria can convert nitrogen from the air into usable nitrogen compounds. 
Several kinds of plants, including legumes (peas and beans) and trees and 
shrubs such as wattles, develop permanent associations with nitrogenfi xing 
bacteria. Th ese bacteria enter the roots and cause local swellings called 
nodules (see fi gure 8.56). Inside the nodules, the bacteria multiply. Because 
of the presence of the bacteria in their root nodules, these plants can grow in 
nitrogendefi cient soils.

fiGURe 8.53 Here we see 
a mistletoe stem (right) and 
its host plant (left). Note the 
connections between the 
parasite and its host. These 
connections (haustoria) are 
modifi ed roots.

Odd fact

The largest plant parasite in the 
world is the Christmas bush 
(Nuytsia fl oribunda), which is 
native to Western Australia. 
This species is parasitic on the 
roots of other plants.

fiGURe 8.54 Lichen on a tree 
trunk. Which two organisms 
form the lichen partnership?
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fiGURe 8.56 Root nodules 
contain large numbers of 
nitrogen-fi xing bacteria. These 
nodules occur on the roots 
of several kinds of plants. 
How does each partner in this 
association benefi t?

One stunning example of mutualism on the Great Barrier Reef involves small 
crabs of the genus Trapezia and a specifi c kind of coral (Pocillophora dami-
cornis). Th e crab gains protection and small food particles from the coral 
polyps. Th e coral receives a benefi t from the crab. Look at fi gure 8.57 and you 
will see a tiny Trapezia crab defending the coral polyps from being eaten by a 
crownofthorns starfi sh (Acanthaster planci). Th e crab repels the starfi sh by 
breaking its thorns.

To date, we have dealt with sunlightpowered ecosystems. However, a 
striking example of mutualism exists in deep ocean hydrothermal vent eco
systems. Sulfur-oxidising producer bacteria bring energy into these ecosys
tems through chemosynthesis, using energy released from the oxidation of 
hydrogen sulfi de to build glucose from carbon dioxide. Th ese producer bac
teria form microbial mats around the vents that release hydrogen sulfi de (refer 
to fi gure 3.33). In addition, some producer bacteria form relationships with 
other organisms in the ecosystem, including mussels, clams, and giant tube
worms (see fi gure 8.58a). Giant tubeworms (Riftiapachyptila) have no mouth, 
no digestive system and no anus. Th ese tubeworms have plumes that are 
richly supplied with blood and they possess an organ known as a trophosome 
(trophe = food; soma = body). Chemosynthetic bacteria live inside the cells of 
the trophosome (see fi gure 8.58b). Th e tubeworms absorb hydrogen sulfi de, 
carbon dioxide and oxygen into blood vessel in their plumes; from there, it is 
transported via the bloodsteam to trophosome cells where it is taken up by the 
bacteria living inside those cells. 

Unit 1 commensalism 
and mutalism
Concept summary 
and practice 
questions

aOS 2

topic 3

concept 3

fiGURe 8.57 Trapezia crab repelling a crown-of-thorns starfi sh from eating coral 
polyps

UNCORRECTED P
AGE P

ROOFS



363CHAPTER 8 Relationships within an ecosystem

Chemosynthetic
bacteria

Plume

Heart

Blood
vessel

Trophosome
tissue

Protective
tube

Trophosome cell

Capillary

fiGURe 8.58 (a) Giant tubeworms form part of the 
community of a deep ocean hydrothermal vent. Note 
their red plumes. (b) Chemosynthetic sulfur-oxidising 
bacteria live inside cells of a specialised organ called 
the trophosome.

(a)
(b)

Commensalism
Commensalism (‘at the same table’) refers to the situation in which one member 
gains benefi t and the other member neither suff ers harm nor gains apparent 
benefi t. An example of commensalism is seen with clownfi sh and sea anemones 
(see fi gure 8.59). Th e clownfi sh (Amphiprion ocellaris) lives among the tenta
cles of the sea anemone and is unaff ected by their stinging cells. Th e clownfi sh 
benefi ts by obtaining shelter and food scraps left by the anemone. Th e anemone 
appears to gain no benefi t from the presence of the fi sh.

fiGURe 8.59 The clownfi sh (Amphiprion ocellaris) lives among the tentacles of a 
sea anemone in tropical seas and is unaffected by the anemone’s stinging cells.
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Interactions such as para
sitism, mutualism and com
mensalism are all examples of 
close associations between 
two species that have evolved 
over geological time.

Figure 8.60 shows an 
example of commensalism 
from about 400 million years 
ago. In the seas of that time 
lived many animals known 
as crinoids or sealilies. 
Th ey were sessile animals 
fi xed to the sea fl oor by long 
stalks. At the top of each cri
noid stalk were branched 
arms surrounding its mouth. 
Many fossil crinoids have 
been found with small, 
shelled molluscs within their 
branched arms. Th ese mol
luscs fed on wastes pro
duced by the crinoid. Figure 
8.60a shows the shell of one 
of these wasteeating animals 
(Platyceras sp.) within the 
arms of the crinoid (Arthroa-
cantha carpenteri).

Interactions such as para
sitism, mutualism and com
mensalism are sometimes 
grouped under the general 

term symbiosis (‘living together’), which is defi ned as a prolonged associ
ation in which there is benefi t to at least one partner. Table 8.3 summarises 
these symbiotic relationships in terms of benefi t or harm or neither to each 
of the species concerned. Is amensalism an example of symbiosis?

taBLe 8.3 Summary of symbiotic relationships

interaction Species 1 Species 2

parasitism parasite: benefi ts host: harmed

mutualism species 1: benefi ts species 2: benefi ts

commensalism species 1: benefi ts
species 2: neither harm done nor 
benefi t gained

It may be surprising to discover that parasitoids play 
a valuable role in the horticulture industry. Plant 
crops, whether ornamental fl owers or fruits, that are 
grown in glasshouses have an added value if they 
can be advertised as ‘pesticide free’ or ‘organically 

grown’. Labels of this type mean that fl owers and 
fruit have not been exposed to chemical pesticides.

A tiny wasp (Encarsia formosa) can act as a living 
‘pesticide’ that operates in glasshouses where orna
mental plants and fruits, including tomatoes, 

USefUL paRaSitOidS iN hORticULtURe

(a) (b)

fiGURe 8.60 (a) Commensalism 
from nearly 400 million years 
ago! Inside the branched arms 
of this fossil crinoid can be seen 
part of a small shell. The animal 
that lived in this shell ate wastes 
produced by the crinoid. Part 
of the segmented stalk of the 
crinoid is also visible. Compare 
this crinoid fossil with the living 
specimen illustrated in (b). 
(b) Diagram of a living crinoid. 
Note the fi ne detail of the 
branched arms that wave about 
creating currents that carry food 
particles to the crinoid.
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cucumbers and eggplants, are grown. Th e tiny 
wasp, just 0.6 mm long, is a parasite of white
fl ies (Trialeurodes vaporariorum), which are the 
most common and damaging insect pest found in 
glasshouses. In this relationship, the whitefl y is the 
host.

One Encarsia female wasp can produce 50 to 
100 eggs. A female wasp injects one egg into the 
pupa of a whitefl y. She then fl ies off  to parasitise 
another wasp from her supply of eggs. Th e wasp 
larva that hatches from each egg eats the whitefl y 
pupa from inside, eventually killing it. In the mean
time, the Encarsia wasp larva develops into a pupa 
inside the remains of the whitefl y pupa that is now 
just a black scale. When the adult Encarsia wasp 
emerges, it fl ies off  to fi nd a mate, after which the 
female wasp will look for a whitefl y into which it 
can inject an egg. 

To use Encarsia wasps in pest control, horticul
turalists purchase envelopes that contain numbers 
of parasitised whitefl y nymphs. Th ese are the black 
scales, each of which encloses a pupa of the Encarsia 
wasp. Th e envelopes are placed on various plants 
throughout the glasshouse (see fi gure 8.61). A female 
wasp that emerges from a black scale will fl y around 
the glasshouse, actively seeking out whitefl y pupae 
that she can parasitise. 

fiGURe 8.61 Envelope on an ornamental plant in a 
glasshouse. The envelope contains parasitised whitefl y 
pupae that are visible as black scales, each of which 
encloses an Encarsia wasp pupa. The adult wasp 
that emerges from each pupa  will spread around the 
glasshouse.

Key ideaS

 ■ Interactions occur continuously between and within the various 
components of an ecosystem.

 ■ Relationships between different species in the living community of an 
ecosystem can be grouped into different kinds, with effects on species 
involved being bene� cial, harmful or benign.

QUicK checK

10 Identify whether each of the following statements is true or false.
a In a parasite–host relationship, the host is always killed by the 

parasite.
b A predator–prey relationship is an example of mutualism.
c In lichens, the interacting species are a fungus and an alga.
d Endoparasites live on the outside of their hosts.
e In mutualism, both partner organisms gain some benefi ts.

11 Give an example of each of the following.
a A plant that is hemiparasite
b A fungus that is a parasite
c Two partners with a relationship of mutualism
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looking at populations
Ecological communities are composed of populations of diff erent species. 
Each population can be characterised in terms of several attributes, including:
• size that refers to the actual number of individuals in a population
• density that refers to the number of individuals per unit area 
• distribution that refers to the pattern of spacing of a species within a defi ned 

area 
• abundance that refers to the relative representation of a population in a par

ticular ecosystem 
• age structure of the population
• birth and death rates
• immigration and emigration rates
• rate of growth.

In addition to these attributes, the study of a particular population also 
involves consideration of other specifi c features, such as habitat requirements, 
breeding season and reproductive strategy.

In this section, we will examine some of the attributes of populations and 
the impact on populations of various factors — intrinsic factors that are part of 
a population itself (such as growth rate), and extrinsic factors that are external 
to a population (chance environmental events, such as drought or bushfi re). 

Abundance of populations
Abundance refers to the relative representation of a population in a particular 
ecosystem or specifi ed area.

Abundance can be expressed qualitatively, for example, in order of 
increasing abundance, as: 
• rare
• occasional
• frequent
• common
• abundant (see fi gure 8.62).
Any statement about abundance of a species relates to a particular physical 
setting or defi ned area.

Refer back to fi gure 8.9. In qualitative terms, how would you describe the 
abundance of the Adelie penguins? Abundance can also be expressed in quan
titative terms. For animals, abundance is typically expressed as the number of 
individuals per sample of an area.  For plants, abundance is most commonly 
expressed as the relative area of a plot covered by the plant species. So, for 
example, one study identifi ed 54 Tasmanian devils (Sarcophilus harrisii) living 
in an area of 80 km2 in Tasmania. In the case of organisms living in soil or 
water, the population abundance can be expressed as the number of organ
isms per unit volume of a sample of soil or water.

To measure abundance, it is sometimes possible to carry out a total count 
or true census of a population by counting every member of a population that 
occurs in a given area. Total counts can be done with populations of animals 
that are large or conspicuous (such as groundnesting birds on an island or 
seals on an isolated beach) or animals that are slow moving or sessile (such as 
limpets or barnacles on rocks in the intertidal zone). Likewise, total counts can 
be done of populations of large plant species.

Carrying out a total count of a population, however, generally poses dif
fi culties. A true census is not possible for small, shy or very mobile animals 
because many animals will probably be missed. In any case, the cost of a total 
census in time and personpower may be unacceptably high, especially if a 
large area of a habitat is involved. Instead, when an entire population cannot 
be counted, sampling techniques are used. Typically one or more samples are 

Unit 1
factors 
affecting 
distribution and 
abundance of a 
species
Concept summary 
and practice 
questions

aOS 2

topic 3

concept 6

fiGURe 8.62 Abundance can 
be expressed in qualitative 
terms such as rare or 
abundant.
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taken randomly from a population and the samples are assumed to be rep
resentative of the entire population. Sampling from a known area allows biol
ogists to make estimates of both the abundance of a population and the size 
of the population. Th e abundance of a population cannot usually be based 
on just one count because of the chance of sampling errors. In order to avoid 
sampling errors, counts of population are typically repeated several times. Th e 
following box outlines some techniques for sampling populations.

SaMpLiNG techNiQUeS

Techniques for sampling populations for use in 
estimating the abundance and size of populations 
include:
• the use of quadrats
• the use of transects
• mark–recapture.

Quadrats are square areas of known size, such as 
1 m × 1 m, or 20 m × 20 m. A quadrat may be sub
divided into smaller units and can be used to esti
mate the abundance or population density of plants, 
of sessile animals like oysters (see fi gure 8.63), 
mussels, limpets and anemones, and of slowmoving 
animals such as chitons and snails.

fiGURe 8.63 Sampling a population of oysters 
using a quadrat

A transect is a line or a strip laid across the area 
to be studied. Line transects are particularly useful 
in identifying changes in vegetation with changes in 
the environment, such as across a sand dune on a 
beach or along a sloping hillside. While many tran
sect lines or strips are laid out on the ground where 
the population under study lives, transects can also 
be carried out from the air or under the sea.

Aerial strip transects are used to estimate the 
abundance of populations of species that are dis
tributed across broad areas of open fl at habitat and 
are active by day, for example, kangaroo species. 
Th e procedure involves a trained observer in an 
aircraft that fl ies at a speed of 185 km per hour 
and at an altitude of 76 m above the ground. Use 
of global positioning receivers and altimeters 
enable the aircraft to maintain constant height and 
speed.

An observer records the numbers of a particular 
kangaroo species seen between two markers on the 
aircraft that represent 200 m width (0.2 km) on the 
ground. Over a 97second period, the plane travels 
0.5 km. A strip transect that is 0.2 km wide and 
0.5 km long encompasses an area of 0.1 km2, so each 
97second period of fl ight corresponds to 0.1 km2 
(see fi gure 8.64). By counting the target species over 
many 97second periods, the observer surveys many 
km2 of habitat.

Strip transects can also be performed under
water. Th ese transects have been important in stud
ying the abundance of the crownofthorns starfi sh 
(Acanthaster planci) on the edges of reefs in the 
Great Barrier Reef.

To do a strip transect, a snorkel diver holds a 
socalled manta board that is attached to a boat 
by a long rope (17 m) (see fi gure 8.65a and b). Th e 
diver is towed at a constant speed of about 4 km per 
hour for a 2minute period. Th e diver counts crown
ofthorns starfi sh numbers on the reef below and 
at the end of that period the diver records the data 
(on waterproof paper, of course!). Each year about 
100 reefs are surveyed using this method. 

(continued)
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200 m

97 s

Streamers or rods attached
to aircraft represent 200 m
on ground

Aircraft speed = 100 knots (185 km/h)
Height = 250 ft (76 m)

fiGURe 8.64 Procedure for aerial surveying of a population using a strip transect method. Would this procedure 
be useful for a small wallaby that shelters by day in rocks and emerges to feed at night?

Manta board 17 m rope

fiGURe 8.65 (a) Arrangement for an underwater strip transect using a tow (b) A diver under tow. The diver can 
ascend or descend by changing the angle of the board.

(a) (b)

Th e mark–recapture technique involves col
lecting a sample of an animal population under 
study, for example, by trapping with mist nets 
in the case of birds, or by use of light traps in the 
case of moths. Th e trapped animals are marked in 

some way (leg bands for birds, tiny spots of harm
less paint for moths) and are then released. Later, 
another sample of the population is trapped. From 
these data, it is possible to estimate the size of the 
population.

Knowing the population abundance of the crown 
ofthorns starfi sh is important. When the population 
reaches a density of greater than one starfi sh per 

2minute tow over a particular reef, the situation is 
identifi ed as an ‘active’ outbreak or start of a popu
lation explosion.
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Changes in the abundance of a species can occur over time owing to factors 
such as migration and breeding patterns.  For example, orangebellied parrots 
(Neophema chrysogaster) migrate annually from southwest Tasmania (where 
they breed from about October to March) to the southern coast of Victoria 
and South Australia (where they overwinter from about April to October) (see 
fi gure 8.66). In order to measure the abundance of this population in its Vic
torian breeding grounds, the population must be surveyed at the right time of 
year when all the members of the population have returned from southwest 
Tasmania.

TASMANIA

VICTORIA

SOUTH AUSTRALIA

Hobart

Melbourne

King Island

Adelaide

fiGURe 8.66 (a) The orange-bellied 
parrot (b) Annual migratory path of the 
orange-bellied parrot. Where would you 
expect to fi nd this parrot in summer? in 
winter?

(a) (b)

As well as changing over time, the abundance of a population can change 
over space. Th e geographic area where a population occurs is termed its range. 

Th e abundance of a population over its range is not 
necessarily constant and may vary. Figure 8.67 
shows the abundance of three tree populations over 
an area that diff ers in soil moisture, from a moist 
valley fl oor up an increasingly dry slope. Note that 
the three tree populations diff er in abundance. Th e 
abundance of population A is highest in the valley, 
while that of population B is highest on the mid
slope, and that of population C is highest at the top 
of the slope.
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fiGURe 8.67 Abundance of three tree populations 
in an area sloping from a low moist valley fl oor 
up an increasingly dry slope. Which tree species 
appears to have the greatest requirement for soil 
moisture? Which tree species is most tolerant of 
drier soil conditions?
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Why measure population abundance? Biologists are interested in the abun
dance of populations for various reasons; for example: 
• Biologists concerned with conservation must measure the abundance of 

populations of endangered species over time to decide if the populations are 
stable, increasing or decreasing in abundance. If the abundance of the popu
lation of an endangered species falls, the risk of extinction increases. For 
example, regular counts of the population of the endangered orangebellied 
parrot are carried out to see if conservation measures are succeeding in 
rebuilding this population.

• Biologists concerned with the control or elimination of exotic (nonnative) 
pest species need to monitor changes in their abundance and range. For 
example, the northern Pacifi c sea star (Asterias amurensis) is native to waters 
of the north Pacifi c and is now found in Port Phillip Bay in Victoria and in 
the Derwent estuary in Tasmania (see fi gure 8.68a). Th is pest is spread as 
tiny larvae in the ballast water of ships. In order to identify the risk that this 
pest could spread further around Australia via this means, biologists meas
ured the population density of Pacifi c sea star larvae in water samples (see 
fi gure 8.68b).
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fiGURe 8.68 (a) The northern Pacifi c sea star, an introduced pest in areas of south-eastern 
Australian waters. How did this species, which is native to the north Pacifi c, reach Australia? 
(b) Abundance of Pacifi c sea star larvae in samples from the Derwent River during 2001. Abundance 
is given in number of larvae per cubic metre of water. Note the variation in larval density over time. 
(Data from Craig Johnson et al., in Report to the Department of Sustainability and Environment, 
Victoria, 2004)

• Biologists interested in understanding why some populations can ‘explode’ 
or sharply increase in numbers measure population abundance regularly 
in order to detect patterns and identify possible causes of these explo
sions. On the Great Barrier Reef, populations of the crownofthorns starfi sh 
(Acanthaster planci) periodically explode. Th e increased numbers of starfi sh 
cause great damage to the corals by eating the coralproducing polyps (see 
fi gure 8.69). Refer to the box on page 371, to read about Ian Miller, a marine 
biologist at the Australian Institute of Marine Science (AIMS), who describes 
aspects of his research on sampling populations of marine species of the 
Great Barrier Reef.

Odd fact

In 1979, at Green Island in 
the Great Barrier Reef, the 
population of crown-of-thorns 
starfi sh exploded to reach 
about 3 million. Each crown-
of-thorns starfi sh consumes 
between 5 m2 and 6 m2 of 
coral each year.

UNCORRECTED P
AGE P

ROOFS



371CHAPTER 8 Relationships within an ecosystem

 
D

en
si

ty

Year

0.00
1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012

1.25

0.50
0.75
1.00

0.25

fiGURe 8.69 (a) A cluster of crown-of-thorns starfi sh on coral. How many can you count in this small area? The white 
areas are ‘feeding scars’ consisting of dead coral that remains after the living coral polyps have been eaten. (b) Average 
crown-of-thorns starfi sh density (number per tow) across the Great Barrier Reef. Note the changes in population density 
over time. (Source: Australian Institute of Marine Science)

(a) (b)

 

BiOLOGiSt at WORK

ian Miller — monitoring crown-of-thorns 
starfi sh on the Great Barrier Reef
Ian Miller is an experimental scientist employed at 
the Australian Institute of Marine Science (AIMS). 
He writes:

‘I work as a marine biologist. In my role as coor
dinator of broadscale surveys, I am responsible for 
the daytoday management of the crownofthorns 
starfi sh (COTS) component of a larger Long Term 
Monitoring Program (LTMP). Th e LTMP was set up 
in 1992 and is an extension of a previous monitoring 
initiative that began in 1985 to describe the pattern 
and extent of COTS activity on the Great Barrier Reef 
(GBR). Th is groundbreaking program was the fi rst to 
sample the GBR over its entire geographic range on 
an annual basis. I joined the program in 1989 after 
obtaining a BSc in Marine Biology from James Cook 
University. Monitoring the GBR has proven to be an 
exciting and challenging career.

‘COTS outbreaks remain a major management 
problem on the GBR and are responsible for more 
coral mortality than any other factor. To determine 
the pattern and extent of COTS activity on the GBR, 
we use the manta tow technique. Th is is a plotless 
transect survey method, where the scale of interest 
is the whole reef or large parts of the reef (i.e. kilo
metres). Data on COTS counts are collected and 
visual estimates of live coral, dead coral and soft 
coral are made. Approximately 100 reefs are sur
veyed by manta tow annually from Cape Grenville 
in the north to the Capricorn Bunker Reefs to the 
south. Th e method relies on making visual estimates 
and provides observers with a thrilling ride as they 
are towed around the reef. By tilting the manta board 
you can dive to a depth of up to 10 metres and liter
ally fl y through the reef environment. Stunning vistas 
of dropoff s on the reef fronts and bommie fi elds 

on the reef backs provide a unique experience. Th e 
broad range of reef habitats encountered has given 
me a greater appreciation of how the GBR changes 
through time and space.

‘Th e manta tow surveys have provided an unpre
cedented record of change on the GBR and are an 
invaluable resource for reef managers and scientists 
alike. Th e results have led to a greater understanding of 
the pattern and extent of COTS activity and their eff ects 
on coral reefs. Th e results also provide insight into the 
dynamic nature of coral reef ecosystems and highlight 
their vulnerability to largescale impacts that include 
not only COTS infestation but also other factors such as 
cyclones, fl oods, disease and coral bleaching.

fiGURe 8.70 Ian Miller in the ‘offi ce’ 

‘As a team member of the LTMP, I also participate 
in sitespecifi c surveys of nearly 100 reefs from Cook
town in the north to Gladstone in the south. Th ese 
surveys involve scuba diving on fi xed transects, 

(continued)
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usually on the northeastern fl anks of reefs, to gather 
detailed information on corals, algae and fi shes. 
Each survey consists of three fi xed sites, which in 
turn are composed of fi ve 50metre transects. At each 
site, visual counts of reef fi sh (some 200 species) are 
conducted along the transects as belts, 5 metres 
wide for large roving demersal species and 1 metre 
wide for small habitat dependent species. Bottom 
dwellers are sampled on each transect by video (for 
later analysis in the laboratory) and factors causing 
coral mortality are also recorded along 2metre
wide belts using visual counts. Th ese fi nescale 
surveys allow the monitoring team to defi ne small
scale changes in community structure through time 
and pinpoint factors that are driving these changes. 
Results have shown that the reef environment is a 

far more diverse and dynamic system than was pre
viously imagined and that, following a disturbance, 
reefs can and do recover to their previous condition 
depending on the size of the initial disturbance and 
given enough time before the next disturbance.

‘As part of the AIMS LTMP, I look forward to being 
at the forefront of defi ning the pattern and extent of 
impacts from new and emerging threats to the GBR, 
such as coral bleaching and disease. In the immediate 
future, the LTMP will be a major contributor to 
defi ning the role that water quality plays in shaping 
the fate of inshore reefs on the GBR, which is a current 
topic of extreme interest for coral reef managers.

‘I continue to fi nd my job an exciting and chal
lenging one where I can make a real contribution to 
extending our knowledge of coral reefs.’

Distribution of populations
Distribution refers to the spread of members of a population over space. 
Populations may have identical densities but their distributions can diff er. 
Figure 8.71 shows three populations with identical densities but their hori
zontal distributions diff er, being uniform in A, random in B and clustered or 
clumped in C. Clumped and uniform distributions are both nonrandom pat
terns. Th e most common pattern observed in populations is a clumped distri
bution. (What pattern is apparent in the Adelie penguins seen in fi gure 8.9?)

Changes in the distribution of populations can occur over time. Animal 
populations that have a random distribution at one period, such as the non
breeding season, may show a diff erent distribution during the breeding season.

A clumped distribution of a plant population may indicate that some areas 
only within a sample area are suitable for germination and survival of a plant 
species and that areas without plants are unsuitable for survival because of the 

pH of the soil or the lack of water or the 
ambient temperature.

Mosses grow in open forests. Their 
distribution, however, is far from ran
dom; they are confi ned to damp, shel
tered areas. A distribution map of 
mosses in a forest corresponds to the 
distribution of damp, sheltered areas.

Likewise, some parts of a habitat 
may be more shaded or more pro
tected or closer to water than other 
parts. Animal populations aggregate 
in the more favourable parts, pro
ducing a clumped distribution (see 
fi gure 8.72). Clumped distributions are 
also seen in populations of mammals 
that form herds or schools as a strategy 
for reducing predation. Clumped dis
tributions are also seen in populations 
of plant species that reproduce asex
ually by runners or rhizomes, with 
new plants appearing very close to the 
parental plant.

A — Uniform

B — Random

C — Clumped

fiGURe 8.71 Three 
populations, A, B and C, 
with different distributions. 
What might cause a clumped 
distribution?

fiGURe 8.72 A group of feral goats 
in central Australia — an example of 
clumped distribution

UNCORRECTED P
AGE P

ROOFS
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A uniform distribution may indicate a high 
level of intraspecifi c competition so that 
members of a population avoid each other by 
being equidistant from each other. Uniform 
spacing is seen in plants when members of a 
population repel each other by the release of 
chemicals (see fi gure 8.73). In animals, uni
form distribution occurs when members of a 
population defend territories.

A random distribution is expected (1) when 
the environmental conditions within the 
sample area are equivalent throughout 
the entire area and (2) when the presence of 
one member of a population has no eff ect on 
the location of another member of the popu
lation. Both of these conditions rarely occur 
and, as a result, a random distribution pattern 
of members of a population is rare in nature.

Age structure of populations
In a population, individual members vary in their ages and lifespans. Th e age 
structure of a population identifi es the proportion of its members that are:
• at prereproductive age (too young to reproduce)
• at reproductive age
• at postreproductive age (no longer able to reproduce).

Th e age structure of a population is important since it indicates whether 
the population is likely to increase over time. Where the majority of indi
viduals in a population are at reproductive age or younger, that popu
lation is expected to increase over time. If a population has most members 
at postreproductive stage, then, regardless of its size, this population will 
decline.

Th e age structure of populations can be plotted as a series of bars whose 
lengths indicate the relative numbers in each group or cohort. When the low 
bars are longest, more members of the population are at or below repro
ductive age and that population will increase. Th e age structure plot of 
such a population, with most members at or below reproductive age, is a 
‘pyramid’ shape (see fi gure 8.74a). In contrast, a population whose age struc
ture is a ‘vase’ shape is either at zero population growth or is decreasing (see 
fi gure 8.74b).

fiGURe 8.74 Age 
structures of two 
populations 
(a) Population with 
a broad base with 
most individuals 
being at reproductive 
age or younger. 
Is this population 
expected to grow? 
(b) Population with a 
narrow base. Is this 
population expected 
to grow?

Males Females

Below
reproductive

age

At
reproductive

age

Beyond
reproductive

age

Males Females

Below
reproductive

age

At
reproductive

age

Beyond
reproductive

age

(a) (b)

fiGURe 8.73 Spinifex covers the level ground and hills of this 
area of Western Australia — an example of uniform distribution.
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In human populations, where lifespans are long, the population structure 
is generally shown in terms of both age and sex. Figure 8.75 shows the con
trasting age–sex structures of the populations of two countries, Australia and 
Nigeria.

Age (years)

1.0 0.8 0.6 0.4 0.2 0.0 0.0 0.2 0.4 0.6 0.8 1.0

80+
75–79
70–74
65–69
60–64
55–59
50–54
45–49
40–44
35–39
30–34
25–29
20–24
15–19
10–14
5–9
0–4

FemaleMale

Population (millions)

Age (years)

Population (millions)
15 10 5 0 0 5 10 15

80+
75–79
70–74
65–69
60–64
55–59
50–54
45–49
40–44
35–39
30–34
25–29
20–24
15–19
10–14
5–9
0–4

FemaleMale
(a) (b)

fiGURe 8.75 Age–sex 
structures for (a) Australia 
and (b) Nigeria. Note the 
different shapes of the 
age–sex structures for the 
two countries and note the 
different x-axis scales. Which 
population will be expected to 
increase?

Key ideaS

 ■ The abundance of a population refers to relative representation of a 
population in a speci� ed area.

 ■ The abundance of a population can vary over time and space.
 ■ Either total counts or sampling techniques are used to assess abundance 
of a population in a speci� ed location.

 ■ The distribution of a population identi� es how members of a population 
are spread over space.

 ■ The shape of the plot of the age structure of a population indicates its 
reproductive capacity.

QUicK checK

12 Identify whether each of the following statements is true or false.
a A total count or true census of a population is less commonly carried 

out than the use of a sampling technique.
b An age structure with a pyramid shape is indicative of a growing 

population.
c The abundance of a population would be expected to be constant 

across its range. 
13 Give a possible explanation for a population showing a clumped distribution. 
14 Identify one possible reason that a biologist studies the abundance of a 

population over time.

Variables affecting population size
Th e size of the population of a particular species in a given area is not always 
stable. Fluctuations can occur — a population may decline or it may suddenly 
explode, such as has occurred from time to time with the crownofthorns 
starfi sh population in the Great Barrier Reef. What determines the size of a 
population?
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375CHAPTER 8 Relationships within an ecosystem

Four primary events determine population size
The four primary ecological events that determine population size are:
1. births
2. deaths
3. immigration, movement of individuals into the population
4. emigration, movement of individuals out of the population.

The combined action of these four primary events produces changes in the 
size of a population over time. 

This may be represented by the equation:

change in population size =  (births + immigration) − (deaths + emigration)

If the sum (births + immigration) is greater than (deaths + emigration), the 
population will increase in size.  

If the sum (births + immigration) is less than (deaths + emigration), the popu
lation will decrease in size. 

The change in population size expressed in terms of a period of time is the 
growth rate of the population.

The growth rate is positive when population size increases over a stated 
period, for example, 200 organisms per year. The growth rate is negative when 
the population size decreases over a stated period. When gains by births and 
immigration match losses by deaths and emigration over a stated period, a 
population is said to have zero population growth.

A population is defined as either open or closed depending on whether 
migration can occur. Migrations into or out of closed populations is nil, unlike 
open populations. Closed populations are isolated from other populations of 
the same species, for example, a lizard population on an isolated island. Other 
closed populations include monkey populations in closed forests on various 
mountains where the mountains are separated by open grassland and desert 
that the monkeys cannot cross. Closed populations are less common among 
bird species. Why?

Many other factors can affect population size. These include both 
biotic factors, such as predators or disease, and abiotic factors, such as 
weather. These factors are called secondary ecological events because they 
influence one or more of the primary events of birth, death, immigration and 
emigration. For example, events such as droughts, cyclones, bushfires and out
breaks of disease increase deaths in a population.  In contrast, events such 
as favourable weather conditions, removal of predators and increased food 
supply would be expected to increase births in a population. 

One striking example of the impact of a secondary event on population size 
can be seen with the red kangaroo (Macropus rufus). From 1978 to 2004, popu
lations of red kangaroos were surveyed over a large area of South Australia 
using aerial belt transects. Over that time, the population size varied from a 
high of 2 175 200 in 1981 to a low of 739 700 in 2003. The major factor affecting 
the numbers of red kangaroos was drought.

Density-independent or density-dependent?
Some of these secondary events, such as weather events, are said to be 
density-independent factors. This means that they affect all individuals in 
a population, regardless of the size of the population. So, a sudden frost will 
kill a high percentage of members of a population of frostsensitive insects. It 
does not matter if the population size is small or large. Both the small and a 
large population would experience the same mortality (death) rate. Likewise a 
popu lation of plants in a forest, whether large or small, will be equally affected 
when a bushfire races through their habitat. Other densityindependent events 
include cyclones, flash floods and heatwaves (see figure 8.76).

Odd fact

The heatwave that affected 
Victoria in January 2014 was 
believed to be responsible for 
the doubling of the number 
of deaths reported to the 
coroner.

Unit 1 density-
dependent 
factors
Concept summary 
and practice 
questions

aOS 2

topic 3

concept 7
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In contrast, other secondary events are said 
to be density-dependent factors. Th ese are 
events that change in their severity as the size 
of a population changes. Th e impact of 
densitydependent factors varies according to 
the size of a population. One example of a 
densitydependent factor is the outbreak of a 
contagious disease. Th e spread of this disease 
will be faster in a large, dense population than 
in a small, sparsely distributed population. As 
a result, the impact of the disease outbreak is 
greater in the large population as compared 
with the small population. Predation is another 
example of a densitydependent facto. Preda
tors are more likely to hunt the most abundant 
prey species, rather than seek out prey from a 
small population. 

Competition for resources is another densitydependent factor. Members of 
a population need access to particular resources. In the case of plants, these 
resources include space, sunlight, water and mineral nutrients. In the case of 
animals, necessary resources include food, water and space for shelter and 
breeding. Th ese resources are limited in supply. 

As a population increases in size, the pressure on these resources increases 
because of competition between members of the same population for these 
resources, as well as competition from members of other populations that live 
in the same habitat and compete for the same resources (see fi gure 8.77). Th e 
impact of competition on individuals in a population depends on the popu
lation size. When a population is small, the impact of competition is low or 
absent. However, when a population becomes large, competition has a major 
impact on each member of a population and survival and reproductive suc
cess are threatened.

fiGURe 8.77 Inter-specifi c competition for food. The lioness is trying to defend 
her prey from her successful hunt from a pack of hyenas. 

fiGURe 8.76 Cooling down 
during a heatwave

Unit 1 density-
independent 
factors
Concept summary 
and practice 
questions

aOS 2

topic 3

concept 8
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377CHAPTER 8 Relationships within an ecosystem

Models of population growth
A new species is introduced to an island where it has no predators, diseases 
that might aff ect it are absent, and food and other resources are in plentiful 
supply. What will happen to the size of the population? 

Two models of population growth in a closed population can be identifi ed:
• the exponential or unlimited growth model
• the logistic or densitydependent model. 

Exponential growth:  the J curve
Exponential growth is seen in the growth of bacteria over a limited 
period of time. For example, consider a bacterial species in which 
each cell divides by asexual binary fi ssion to give two cells every 
20 minutes. Figure 8.78 shows the theoretical outcome of this pattern 
of growth starting with a single bacterial cell. 

Consider the Australian bushfl y (Musca vetustissima). Let’s start 
a population with just one female bushfl y and her mate. Assume 
that she lays 100 eggs and dies soon after. Of the eggs, assume that 
50 develop into females with a generation time of 8 weeks. Table 8.4 
shows the growth in the bushfl y population that would occur if the 
population could grow exponentially.

taBLe 8.4 Exponential growth in a bush� y population over eight generations

generation Total population

0 2

1 100

2 5  000

3 250  000

4 12  500  000

5 625  000  000

6 31  250  000  000

7 1  562  500  000  000

8 78  125  000  000  000

With exponential growth, the increase in population size over 
each generation is not identical. As the population increases in size, 
the growth over each generation also becomes larger.

If exponential growth occurred, this single female bushfl y and her 
mate would have 31 billion descendants in just under one year! In 
reality, however, this number cannot materialise because exponen
tial growth of populations cannot occur indefi nitely. Th e conditions 
required for exponential growth — unlimited resources such as food 
and space — can last for only a few generations. Every habitat has 
limited resources and can support populations of only a limited size. 
So, let’s look at another model of population growth that has a better 
fi t with reality.

Density-dependent growth: the S curve
A pair of rabbits in a suitable habitat with abundant food and space initially 
multiplies and, over several generations, the population grows faster and 
faster; this is a period of exponential growth. However, this rate of growth 
cannot continue. As the population increases in size, the pressure on resources 
increases, competition grows, and the population growth slows, and then 
stops. At this point, the socalled carrying capacity of the habitat is reached. 

fiGURe 8.78 Exponential growth of 
bacteria over a 7-hour period, starting with 
a single cell

Odd fact

In bacterial populations, 
population growth will slow 
and stop because of the 
build-up of bacterial waste 
products in their living space.

Unit 1 Limits to 
population 
growth
Concept summary 
and practice 
questions

aOS 2

topic 3

concept 9
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Th e carrying capacity is the maximum population size that a habitat 
can support in a sustained manner.

Th e growth of a population under the densitydependent con
dition is shown in fi gure 8.79. Th e growth is at fi rst like the exponential 
growth pattern, but, as the population grows, the rate of growth slows 
and fi nally stabilises at the carrying capacity. Th is pattern is known as 
an Sshaped curve.

Populations affect other populations
Th e population size of one species can be aff ected by the size of the 
population of another species. For example, the size of a plant popu
lation is aff ected by the sizes of the populations of herbivores that feed 
on that plant.

Other densitydependent factors that infl uence the size of one 
population include the sizes of populations of its parasites and its 
predators. Let’s look at how predator and prey populations interact 
and the impacts on their population sizes.

Predator and prey population numbers
Th e population size of a prey species can be aff ected by the size of 

the population of a predator species that feeds on it. Over time, several out
comes are possible:
• If the predators are absent, the prey population will increase exponentially 

but will eventually ‘crash’ when its numbers become too high to be sup
ported by the food resources in the habitat.

• If the prey population is too small, the predator population will starve and 
die.
In some cases, cycles of ‘boomandbust’ can be seen in both populations, 

with the peak in the predator population occurring after the peak in the prey 
population. Why? Figure 8.80 shows the theoretical expectation of these boom–
bust cycles while fi gure 8.81 shows the result obtained in an actual experi
mental study.

Time

P
o

p
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io

n 
si

ze

Prey

Predator

fiGURe 8.80 Fluctuations in population size in a prey population and in the 
predator population that feeds on it. Which population peaks fi rst in each cycle: 
predator or prey? Can you suggest why?

In the next section we will see how the diff erent intrinsic rates of growth of 
populations can aff ect their ability to colonise new habitats and their ability to 
rebuilt numbers after a population crash.
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fiGURe 8.79 An S-shaped curve 
that is typical of the growth of most 
populations. The upper limit of this curve 
is determined by the carrying capacity of 
the habitat. The arrow marks the point of 
maximum growth of the population.
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Predator fiGURe 8.81 Results from 
an actual study of boom–bust 
cycles in predator and prey 
populations

Key ideaS

 ■ Population size is determined by four primary events: birth, death, 
immigration and emigration.

 ■ Population size is also affected by secondary events that impact on the 
rate of births and deaths.

 ■ The impact of some secondary events depends on the size of a population 
and these are said to be density dependent.  

 ■ Exponential population growth follows a J-shaped curve but cannot 
continue inde� nitely.

 ■ Logistic population growth follows an S-shaped curve that levels off at the 
carrying capacity of the ecosystem concerned.

 ■ The populations of one species may be affected by the population size of 
another species in the community.

QUicK checK

15 Identify whether each of the following statements is true or false.
a Floods are an example of a density-independent environmental factor.
b Immigration is one of the primary events that determine population size. 
c Increases in prey population size are expected to be followed by 

decreases in its predator population size.
d When gains by births and immigration exceed losses by deaths and 

emigration, a population is said to have zero population growth.
e Exponential growth of a population follows a J-shaped curve.

16 Identify a density-dependent factor that would be expected to limit 
population growth.

17 Give one cause for the ‘crash’ of a prey population.
18 What is the difference between an open and a closed population?
19 Give an example of a closed population.

intrinsic growth rates
In the previous section we looked at growth of populations in general. Popu
lations of diff erent species vary in their intrinsic rates of increase, typically 
denoted by the symbol ‘r’.

Populations of some species are shortlived and produce very large numbers 
of off spring. Species that use this ‘quickandmany’ strategy put their energy 
into reproduction and are said to be r-selected. Examples of rselected species 
include bacteria, oysters, cane toads, crownofthorns starfi sh, many species of 
reef fi sh, clams, coral polyps, many weed species, rabbits and mice. In general, 
r-selection is directed to quantity of off spring.

At the other end of the spectrum are populations of species that produce small 
numbers of off spring at less frequent intervals. Species that use this ‘slowerand
fewer’ strategy put their energy into the care, survival and development of their 
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off spring and are said to be k-selected. Examples of Kselected species include 
gorillas, whales, elephants, albatrosses, penguins, southern bluefi n tuna and 
many shark species. In general, K-selection is for quality of off spring.

Table 8.5 identifi es some of the diff erences between the extremes of 
rselected and Kselected species. Not every species displays all the features of 
one strategy and many have intermediate strategies.

taBLe 8.5 Extremes of reproductive strategies compared

Feature r-selected strategy K-selected strategy

general occurrence commonly seen in oysters, 
clams, scallops, bony fi sh, 
amphibians, some birds and 
some mammals, such as 
mice and rabbits

commonly seen in 
sharks, some birds, such 
as penguins, and some 
mammals, such as whales 
and gorillas

lifespan shorter lived longer lived

number of 
off spring

many few

energy needed to 
make an organism

smaller greater

survivorship very low in young high in young

growth rate faster slow

age at sexual 
maturity

early in life late in life

parental care little, if any extensive

adapted for rapid population expansion living in densities at or near 
carrying capacity

relative energy 
investments

higher investment into 
numbers of off spring; lower 
into rearing off spring

lower investment into 
numbers of off spring; higher 
into rearing off spring

r-selected growth strategy
Populations of species that operate using the ‘quickandmany’ strategy can 
show major fl uctuations in population sizes. When resources are plentiful and 
other environmental conditions are favourable, the numbers of an rselected 
species can increase very rapidly because of their short generation times and 
the large numbers of off spring that they produce. A short generation time 
means that the growth of an rselected population occurs much more quickly 
(weeks) than in a Kselected species, where generation times may be several 
years. When conditions become unfavourable, the very low survival rates of 
off spring mean that population numbers drop sharply. Th ese rselected popu
lations, however, can recover quickly because of their high growth rates. 

Th e rselected populations are adapted for life in ‘high risk’ and unstable 
environments, where factors such as fl ood and drought operate, and in ‘new’ 
habitats such as on fresh lava fl ows, or new land elevated from the sea as a 
result of earthquake or volcanic activity,  or even a cleared patch of land in the 
suburbs. (Most weeds are rselected.) 

Th e following examples identify the numbers of off spring produced by some 
rselected species:
• Cane toads (Rhinella marina) are an introduced pest species. Th ey spawn 

twice yearly and, at each spawning, one mature female cane toad produces 
an average of 20 000 eggs, which are fertilised externally. Within one to three 
days, fertilised eggs (see fi gure 8.82) hatch into tadpoles that metamorphose 
into small toads very quickly. Within a year, these toads are ready to repro
duce and do so for a period of several years.

fiGURe 8.82 The spawn of 
cane toads can be readily 
distinguished from those 
of native frogs by their 
appearance as black eggs 
embedded in long jelly-like 
strings. How many eggs are 
produced on average in a 
cane toad spawning?
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• Th e crownofthorns starfi sh (Acanthaster planci) (refer back to fi gure 8.69) 
breeds in the waters of the Great Barrier Reef when water temperatures 
reach about 28 °C. Female starfi sh release eggs into the water where they 
are fertilised by sperm released by nearby male starfi sh. In one spawning 
season, a female crownofthorns starfi sh may release up to 60 million 
eggs. Water currents disperse the fertilised eggs and larval development is 
completed over a twoweek period. Th e tiny larvae settle on coral reefs and 
develop into juvenile starfi sh about 0.5 mm in size. Th ese juveniles feed on 
algae for about 6 months and then, when they are about 1 cm in diameter, 
they begin to feed on coral polyps. Sexual maturity is reached after about 
two years.

K-selected growth strategy
Populations of species that operate using the ‘slower-and-fewer’ strategy 
live in habitats in stable environments and with their population sizes 
at or near the carrying capacities of their habitats. Kselected species are 
adapted to cope with strong competition for resources. If the population size 
of a Kselected species drops sharply as a result of fi re, habitat loss or over
harvesting, the population will not recover quickly because of their long gen
eration times and their low rates of increase. Kselected species are at great 
risk of extinction if their population numbers fall because their initial rate of 
replacement is very slow.

Th e following examples identify some species that are Kselected in terms of 
their reproductive strategy.
• In late autumn and winter each year, humpback whales (Megaptera novae-

angliae) migrate up the east coast of Australia to breeding grounds in 
tropical or semitropical waters. It is here that the whales mate and it is 
also here that pregnant females give birth during the southern hemisphere 
winter. Humpback whales show many of the features of a Kselected species 
as follows:

 – sexual maturity in humpback whales does not occur until whales are 
about fi ve years old

 – gestation (pregnancy) in humpback whales lasts about 11.5 months
 – each female gives birth to just one calf every one or two years
 – for an average of 10 months after its birth, a mother suckles her calf on 

milk
 – the lifespan of humpback whales is up to 50 years.

• Th e orange roughy (Hoplostethus atlanticus) (see fi gure 8.83) is a species 
of fi sh found in deep waters off  southeast Australia. Th is species is slow
growing and does not reach sexual maturity until it is about 30 years old. At 
this stage, the fi sh has a length of about 30 cm.
Not all species dovetail into rselected or Kselected species. For example, 

green turtles (Chelonia mydas) exhibit rselection in terms of the numbers of 
eggs produced and the lack of parental care but they also show some Kselection 
through features such as their slow growth rates, the period required for sexual 
maturity (estimated at 40 to 50 years) and their long lifespan (estimated at 
70 years).

A female green turtle (see fi gure 8.84a) lays a clutch of about 100 eggs 
on a sandy beach at night, covers them with sand and returns to the 
water (see fi gure 8.84b). During the breeding season, she returns to the 
same beach about every 2 weeks and may lay three to nine clutches of 
about 100 eggs per clutch. About 2 months later, baby turtles hatch from 
the eggs, dig their way out of the nest and make their way to the sea (see 
fi gure 8.84c).

Odd fact

Cane toads are estimated to 
live from 10 to 40 years (data 
from Honolulu Zoo).

fiGURe 8.83 The orange 
roughy (Hoplostethus 
atlanticus)

Odd fact

Crown-of-thorns starfi sh can 
reach more than 80 cm 
in diameter. Some have 
been kept in captivity in 
aquaria for up to 8 years but 
their lifespan in the wild is 
probably 3 to 4 years.

Odd fact

How can you tell the age 
of a fi sh? It is possible to 
tell the age of fi sh from an 
examination of the growth 
rings of their scales or from 
the stony otoliths in their 
ears. Using this method, 
some orange roughy have 
been identifi ed as more than 
70 years old.
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fiGURe 8.84 (a) Green turtles are common in the 
waters of the Great Barrier Reef. This species has a 
worldwide range in tropical and semi tropical waters. 
(b) Female green turtle laying eggs. The temperature 
at which the eggs develop determines the sex of the 
turtles; lower temperatures produce males, while higher 
temperatures produce females. (c) Turtle hatchlings 
making their way to the sea. If this occurs during the 
day, predators such as sea birds and crabs take many 
of the hatchlings before they reach the sea.

(a)

(c)

(b)

Key ideaS

 ■ Populations differ in their intrinsic rates of growth.
 ■ Species can be identi� ed as being r-selected or as K-selected.
 ■ r-selection and K-selection are the extremes of a range.
 ■ r-selected species are adapted for living in newly created and in unstable 
habitats.

 ■ K-selected species are adapted for living in stable habitats and at 
densities at or near the carrying capacity of a habitat.

QUicK checK

20 Which species, r-selected or K-selected, would be expected to:
a recover more quickly after its population was reduced
b be at greater risk of extinction through habitat destruction?

21 Contrast r-selection and K-selection in terms of:
a number of offspring
b growth rates
c age at sexual maturity.

22 Give an example of:
a a K-selected species
b an r-selected species.
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BIOCHALLENGE

Figure 8.85 is a diagrammatic representation of an ecosystem that shows energy inputs and outputs from the ecosystem 
and the movement of matter around the ecosystem.

Sun’s energy enters
the ecosystem.

Photosynthesis

Heat energy
lost

Energy
passed on

Consumers
(animals)

Nutrients for decomposers

Primary consumer
(herbivore)

Secondary consumer
(carnivore)

Decomposers
(insects, worms,
bacteria, etc.)

Energy Nutrients

Heat energy
leaves the
ecosystem.

Producers
(plants)

Key

fiGURe 8.85 Diagrammatic representation of a simple ecosystem

1 Consider fi gure 8.85 and the information in this chapter 
and answer the following questions.
a What is the source of the external energy for this 

ecosystem?
b How does energy enter an ecosystem? 
c Consider the following sentences:
  i Energy recycles within an ecosystem.
   ii Energy lost from an ecosystem is as heat energy.
 iii  Energy gained by an ecosystem is as sunlight 

energy.
 iv  Energy is transferred within an ecosystem as 

chemical energy.
   v  Energy transfers within an ecosystem are 

100 per cent effi cient.

   Identify each of the sentences as either true or 
false and, if judged by you to be false, re-write the 
sentence in a ‘true’ form.

d In what form do nutrients move within an ecosystem?
e Some green arrows show the fl ow of nutrients from 

consumers to decomposers. Explain how this occurs.

2 Many relationships exist between members of different 
populations in an ecosystem community as shown in 

table 8.6. Complete this table by using the following 
symbols to identify the outcome of the relationship for 
each species in each case.  

 + the species receives a benefi t

 −  the species is killed, inhibited or harmed in some 
way

 0  the species neither receives a benefi t nor is it 
harmed

taBLe 8.6

Relationship Species A Species b

mutualism    

predatorprey    

amensalism    

parasitehost    

herbivoreplant    

commensalism    
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Questions
 1 Making connections ➜ Use at least eight of the 

chapter key words to draw a concept map. You may 
use other words in drawing your map.

 2 Identifying differences ➜ Identify one essential 
difference between the members of the following pairs.
a Parasite and parasitoid
b Host and prey
c Predator and parasite
d Symbiosis and commensalism
e Holoparasite and hemiparasite
f Densitydependent and densityindependent 

factors
g Exponential growth and logistic growth of 

populations
h Commensalism and amensalism

 3 Applying understanding ➜ Suggest a possible 
explanation in biological terms for the following 
observations.
a A common fern produces a chemical that 

interferes with the development of insect larvae.
b A grower of tomatoes in a commercial glasshouse 

invests in the purchase of eggs of a particular 
parasitoid.

c A population initially grows rapidly but then 
slows and stops.

d An ecosystem cannot exist without producer 
organisms in its community.

e Some ecosystems exist in conditions of 
permanent darkness.

f The cost of one kilogram of steak is  
greater than the cost of one kilogram of  
rice.

 4 Applying understanding ➜ Figure 8.86 shows a 
Morning Glory vine (Ipomoea purpurea) that has 
overgrown plants, some of which can still be seen in 
the lower righthand corner.
a What will happen to the underlying plants?
b What name might be given to the relationship 

between the vine and the plants below it?
 5 Analysing information in new contexts ➜ 

a What trophic level can be assigned to each of the 
following organisms?
     i Green mosses in a damp gully
   ii Insects that feed on the mosses
iii Birds that feed on the mosseating insects
iv Parasitic mites that live on the birds

b Draw a food chain that shows the energy flow for 
the organisms above.

c What is the nature of the relationship between 
each of the pairs of organisms in (ii) to (iv)  
above?
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fiGURe 8.86 Morning Glory vine (Ipomoea purpurea)

 6 Analysing data and communicating understanding 
➜ Pedra Branca lies off  the south coast of Tasmania 
(see fi gure 8.87). Living on the island and in the 
surrounding waters is a community that forms part 
of an ecosystem and includes krill, various species 
of fi sh, squid and birds such as the Australasian 
gannet (Morus serrator) and the shy albatross 
(Diomedia cauta).
a Draw a food web showing part of the energy fl ow 

in this ecosystem.
b How many trophic levels exist in this ecosystem?

Tasman
Sea

Hobart

Pedra Branca

TASMANIA

fiGURe 8.87

 7 Applying your understanding ➜ Give one 
example of organisms in an ecosystem that:
a capture and transform radiant energy
b are primary consumers

c occupy the fi rst trophic level
d form part of the producers of ocean ecosystems
e interact in a relationship of commensalism
f interact in a relationship of mutualism.

 8 Applying understanding ➜ Explain the following 
observations in biological terms.
a When fi sh and mammals can survive on the 

same food pellets, the cost of producing a given 
mass of fi sh is less than the cost of producing 
the same mass of mammals.

b In an ecosystem, the number of large carnivores is 
typically far less than the number of herbivores.

c More fi sh and other consumer organisms are 
found in a volume of coastal sea than in an 
equivalent volume of open ocean.

d Tropical rainforests have more trophic levels 
than a desert scrub.

 9 Applying biological principles ➜ A food chain 
consists of:

leaves → caterpillar → sparrow → eagle

 Consider that a caterpillar eats 100 grams of leaf 
organic matter. Based on the 10percent rule, how 
much of the chemical energy in this organic matter 
would be available for consumption by:
a a sparrow 
b an eagle?

 10 Analysing a situation ➜ Could a fi sh tank with 
clean fresh water containing three fi sh, each of 
a diff erent species, be regarded as a miniature 
ecosystem?  Explain your decision. 

 11 Interpreting new information ➜ Consider the 
lamb shown in fi gure 8.88.
a What is the trophic level of this herbivorous lamb?
b What percentage of the chemical energy in the 

food eaten by the lamb is expected to:
     i be used in cellular respiration
   ii be egested as faeces or excreted as urine
iii appear as new tissue?

c Of every 100 units of chemical energy obtained 
from grass that is eaten by the lamb, how 
much goes into producing lamb chops and the 
like?

Faeces and 
urine
63 units/
year

Respiration
33 units/
year

Food 
consumed
100 units/
year

New tissues
4 units/year

fiGURe 8.88
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 12 Analysing information and drawing conclusions ➜  
Two islands (C and D) in temperate seas differ in 
their species richness, with island C having twice as 
many species as D. Of the following four statements, 
which is the most reasonable explanation?
a No conclusion is possible.
b Islands C and D have the same area.
c Island C has twice the area of island D.
d Island C has about ten times the area of island D.

 13 Applying your understanding ➜ Identify the 
following statements as true or false.
a A population that is large must be increasing in 

size.
b Quadrats can be used to sample populations of 

fastmoving animals.
c The presence of more than one crownofthorns 

starfish per twominute tow indicates the start of 
a population explosion.

d Exponential growth can occur in a population 
provided resources are not limited.

 14 Discussion question ➜ Consider the following 
relationships between organisms in a community: 
i Termites ingest the cellulose of wood but they 

cannot digest it.  Protozoan organisms living in 

the termite gut secrete cellulases, enzymes that 
digest cellulose, releasing nutrients that can be 
used by the termites.

   ii Giant tubeworms (Riftia pachyptila) living in 
deep ocean hydrothermal vents have no mouth 
or digestive system. Within their cells live 
chemosynthetic bacteria. 

iii Adult barnacles (refer to figure 8.14b) are 
sessile animals that are filter feeders.  Barnacles 
are generally found attached to rocks. Some 
barnacles, however, attach to the surface of 
whales. 

 iv Bacteria of the genus Vampirococcus attach to 
the surface of bacteria of other species, where 
they grow and divide, consuming the other 
bacteria.

In each case:
a identify the type of relationship that exists 

between the organisms
b briefly describe the outcome of the 

relationship for each member of the pair of 
interacting organisms.
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PraCtiCal aCtivities

chapteR 1

activity 1.1 What’s in a shape?

activity 1.2  Exploring one of the tools of the biologist: 
the microscope

activity 1.3 Viewing and staining cells

activity 1.4 What limits the size of cells?

activity 1.5 Cells and cell organelles: how big?

activity 1.6 Crossing membranes

chapteR 3

activity 3.1 Yeast in bread-making

activity 3.2 Photosynthesis and respiration: a balance

activity 3.3  Respiration involving oxygen: aerobic 
respiration

activity 3.4 Finding out about photosynthesis

chapteR 4

activity 4.1 Different digestive systems in mammals

activity 4.2 Blood and its transport

activity 4.3 The heart

activity 4.4  Grasshoppers, fish and rats: how do they 
obtain oxygen?

activity 4.5  Transport systems in plants: plant  
pipelines

chapteR 5

activity 5.1 Bills and beaks: how birds feed

activity 5.2 Case studies in survival

activity 5.3 Making urine: losing water

activity 5.4  Physiological adaptations for maintaining 
water balance in vertebrates

activity 5.5 Leaves for survival

activity 5.6 Plant responses: phototropism

activity 5.7 Plant responses: geotropism

activity 5.8 Courtship and reproductive behaviour 

chapteR 6

activity 6.1 Maintaining the balance

activity 6.2 Glucose ups and downs

activity 6.3 Hot stuff

chapteR 7

activity 7.1 A key to sorting snakes

activity 7.2 What eucalypt is that?

activity 7.3 What plant is that?

activity 7.4 What’s in a name?

chapteR 8

activity 8.1  Food chains and food webs: who is eating 
whom in water-filled tree holes in the 
Lamington National Park, Queensland?

activity 8.2  A population study: long-nosed bandicoots 
at North Head, Sydney Harbour National 
Park

activity 8.3 How fast are they growing?

chapteR 9

activity 9.1 Making the most of asexual reproduction

chapteR 10

activity 10.1  Vegetative reproduction: reproduction 
without sex

chapteR 11

activity 11.1 Human reproduction

activity 11.2 Reproduction in mosses

chapteR 14

activity 14.1 Karyotypes and meiosis

activity 14.2 Modelling meiosis

activity 14.3 How much do I owe grandma?

chapteR 15

activity 15.1 Environmental influences on phenotype

chapteR 16

activity 16.1 What chance of being Rhesus positive?

activity 16.2 Two genes at a time

activity 16.3 Family portraits: what pattern is this?

activity 16.4 Genetics with Drosophila
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