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Introduction to Ecological Systems /

Your notes

Introduction to Ecological Systems
The biosphere

= The biosphere refers to the narrow, life-supporting zone around the Earth

= |tiswhere the air (atmosphere), water (hydrosphere) and land (lithosphere) meet
= The biosphere contains all living organisms, including:

= Plants(flora)

=  Animals (fauna)

= Fungiand microorganisms

= |tcanbethought as onelarge, complex system of living communities, as well as theirinteractions with
each otherand with the non-living components of the Earth's systems, all interacting as a single unit

Page2of54

© 2015-2024 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers



https://www.savemyexams.com/?utm_source=pdf
https://www.savemyexams.com/

1, SaveMyExams

Head to www.savemyexams.com for more awesome resources

4

Your notes

G A TMEETHERE =

<- BIOSPHERE-=

LITHOSPHERE

<------HYDROSPHERE ------>

e N
"""'-—-—.__,____.—-———-..._“‘l
OCEANIC CRUST

CONTINENTAL CRUST -

UPPER MANTLE-

Biosphere

The biosphere measures approximately 20 km from top to bottom—however, most life existsin a
narrow range of 6.5 km (500 m below sea level and 6 km above sea level)

Species

= Aspeciesisagroup of organisms sharing common characteristics that interbreed to produce fertile
offspring

= Thisisknown as the biological species concept

= Members of the same species share a gene pool, meaning that they can breed and produce
offspring with similar traits

Populations

= Apopulationisagroup of organisms of the same species living in the same area at the same time
whichinterbreed
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= Apopulation canbe seen as aninterbreeding unit of a species
= One species may consist of any number of populations, from one to many—for example:

= The Eastern Grey Kangaroo is a species of marsupial native to Australia
= This species consists of multiple populations across various regions of Australia

= There are populations of Eastern Grey Kangaroos in Queensland, New South Wales, Victoria and
other parts of the country

= Althoughindividuals from these different populations are capable of interbreeding, inreality they
very rarely do due to the fact that they are geographically isolated (separated) from each other

= Eachpopulation may have its own unique characteristics and adaptations based onlocal factors
such as habitat, climate and food availability

= Despite being part of the same species, these populations may exhibit some small genetic and
behavioural differences due to theirisolation and local environmental conditions

Community

= Acommunity includes all of the different populations (of different species) living in the same area at
the same time

= Acommunity is a collection of interacting populations within an ecosystem

= Forexample, each species withina community depends on other species forfood, shelter,
pollination, seed dispersal, etc.

Habitat

= Ahabitatis the local environment in which an organism, species, population or community normally
lives

= E.g.badgers, deer, oak trees and ants are all species that would live in a woodland habitat

= Adescription of the habitat of a species caninclude both geographical and physical locations, as
well as the type of ecosystemrequired to meet all environmental conditions needed for the
survival of the organism, species, population or community

Ecosystems

= Anecosystemrefers to acommunity of living organisms, along with their physical environment,
interacting as a system within a specific area

= Thisincludes theliving, biotic components (such as plants, animals, fungi and microorganisms)
interacting with the non-living, abiotic components (such as soil, water, air, sunlight, temperature,
humidity and minerals)
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= These abiotic components provide the essential resources and conditions necessary for the ,
survival and functioning of the biotic community

Your notes
= Together, theinteractions between biotic and abiotic components shape the structure and

dynamics of the ecosystem, influencing factors such as biodiversity, nutrient cycling and
ecosystem services
Ecosystems vary in size, from small ponds to vast forests

Each ecosystem hasits own unique characteristics, shaped by factors like geography, climate and the
species present withinit

Ecosystems are open systems in which both energy and matter can enter and exit. For example:

= Photosynthetic organisms such as plants and algae capture sunlight, whichis the primary source
of energy forecosystems

= Energy exits ecosystems primarily through heat released during cellular respiration, lost during
trophic transfers (e.g. from herbivores to carnivores) and radiated from the Earth's surface into
space

= Matter can enter or exit ecosystems in the form of water, nutrients, gases or waste products
produced by animals
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Classification & Taxonomic Tools

Classification
= There are millions of different species that currently exist on Earth

= Biologists and ecologists can manage and organise this enormous diversity of species by putting
similar species togetherinto groups

= This processis known as classification
= |tinvolved organising and categorising species based on their similarities and differences

= Species are grouped into a hierarchy of different categories according to the biological
characteristics that they share

= Classifying speciesin this way allows us to quickly identify them and predict their characteristics

KINGDOM
PHYLUM
CLASS
ORDER No. OF
ORGANISMS
Il | omws |
SPECIFIC SPECIES

The hierarchical classification system—the higher ranks contain more organisms with less similarity
between them and the lower ranks contain fewer organisms with more similarity between them

= The first step to classifying a speciesis to putitinto a group known as a genus

= Agenusisacategoryinthe classification hierarchy thatincludes one or more species that are
closely related and share common characteristics
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= Every species gets atwo-part name in the following format: the name of the genus, then the name of
the species

= The genus nameis always written first and with a capital letter
= The species name does not have a capital letter
= Both genus and species should be eitheritalicised or underlined.
= Forexample, humans are called Homo sapiens, where Homo is the genus and sapiens is the species
= This could also be written as Homo sapiens

= Although a genus usually contains more than one species, we are the only speciesin our genus that
exists today

= However, in the past, there were other species within the Homo genus, such as Homo
neanderthalensis (Neanderthals) and Homo erectus, among others

= Anexample of a well-known genus is the genus Canis
= Thisgenusincludes several species of canids or members of the dog family, including:
= Canislupus (Grey wolf)
= Canis familiaris (Domestic dog)
= Canislatrans (Coyote)
= Canis aureus (Goldenjackal)
= Canis simensis (Ethiopian wolf)
= Canis mesomelas (Black-backed jackal)
= Canis anthus (African golden wolf)
= Canis adustus (Side-stripedjackal)
= Canislupaster (African wolf)

= These species share common characteristics, such as similar body structures, behaviours and
genetic traits

= While they may have distinct features and habitats, they are all grouped togetherunder the genus
Canis due to their close evolutionary relationship and shared ancestry

Taxonomic Tools

= Taxonomists use various tools to identify an organism and to help them decide how to classify it

= |dentificationin this context means determining which species anindividual organism belongs to
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Comparison of specimens with reference collections
= Taxonomists can compare unknown specimens with well-documented reference collections

= Thesereference collections contain alarge number of similar organisms that have already been
identified and classified

= This method involves physically comparing the specimen to known samples
= |trelies onthe taxonomist's expertise and the quality of the reference collection

= Forexample, abotanist could identify an unknown plant specimen by visually comparingit
with alarge collection of known plant species at abotanical garden

= Today there are apps thatidentify unknown species by comparing a photo to thousands of photos
of different speciesin an online database (a virtual reference collection)

DNA surveys
= DNA surveysinvolve analysing an organism's DNA to determine its species

= This method compares the DNA sequence of the specimen with known sequences from a very
large number of species, stored in very large computer databases

= |tprovides precise andreliable identification, especially for closely related species

= Forexample,inawildlife conservation project, researchers could use DNA surveys to
distinguish between similar-looking species of butterflies

Dichotomous keys
= Dichotomous keys are tools used to identify organisms based on their characteristics
= Thekeys consist of a series of paired statements or questions with two possible answers

= Each pairoffers two choices, leading the user to another pair of statements or questions,
eventually resulting in the identification of the organism
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A dichotomous key can be used to identify different species in the Serengeti

= Belowis anexample of adichotomous key that can be used to identify eight speciesin the Serengeti
ecosystem:

Serengeti Dichotomous Key

1 | a | Animalcoveredinblack and white stripes Zebra (Equus quagga)
b | Animalnot coveredin black and white stripes goto?2
2 |a | Animalisalarge cat goto3
b | Animalisnotalarge cat goto4
3 | a | Animalcoveredinspots Cheetah (Acinonyx jubatus)
b | Animalnot coveredinspots Lion (Pantheraleo)
4 |a | Animalhashorns gotobs
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b | Animal doesnot have horns

goto7

5 | a | Horns meetinthe middle of the head

Cape buffalo (Syncerus caffer)

b | Horns do not meetinthe centre of the head

gotoé

6 |[a | Hornsarelongand curved

Grant's gazelle (Nanger granti)

b | Horns are notlongand curved

Oribi(Ourebia ourebi)

7 | a | Animalhasalongneck

Giraffe (Giraffa camelopardalis)

b | Animaldoesnothave alongneck

African elephant (Loxodonta africana)

= There are limitations to using a dichotomous identification key:

= Limited scope:

= Dichotomous keys are typically designed to identify a limited number of species and may not
be comprehensive enough to identify all organisms in a given ecosystem

= |naccuracies:

= Dichotomous keys are only as accurate as the information provided

= |fthe keyis not designed properly orlacksimportant distinguishing characteristics, the

identification may be inaccurate

= Variability:

= Organisms can exhibit variability in their physical characteristics, which can make it difficult to
accurately identify them using a dichotomous key

= Time-consuming:

= Using adichotomous key can be a time-consuming process, especially for beginners who are

not familiar with the organisms in question

= Expertise required:

= Dichotomous keys require a certain level of expertise and familiarity with the organismsin

question

= Beginners may find it difficult to use the key without assistance from an expert
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= Limited to physical characteristics: ,

= Dichotomous keys are limited to the physical characteristics of organisms and may not take Your notes
into account otherimportant factors, such as behaviour or habitat, which can be importantin

identifying certain species

o

Examiner Tips and Tricks

You should try to practice using dichotomous keys with different examples to familiarise yourself
with the process, asit can be alittle confusing at first, especially when trying to identify closely

related species.
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Factors Affecting Populations /

Your notes

Biotic & Abiotic Factors

= Factors that determine the distribution of a population can be abiotic or biotic
= Bioticrefersto the living components of an ecosystem

= Abiotic refers to non-living, physical factors that may influence organisms

Biotic Factors

= Theliving, biological factors that influence ecosystems and the communities of organisms within them
are termed biotic factors

= |notherwords, biotic factors are the interactions between the organisms within a population or
community

= Biotic factorsinclude:
= Predation
= Herbivory
= Parasitism
= Mutualism
= Disease
= Competition

Examples of Biotic Factors

Biotic Factor | How it Affects Communities Example

Availability of | More food means organisms have a Rainforest ecosystems have arich food

food higher chance of surviving and supply and this allows many species to live
reproducing. This means their there. Deserts have a poor food supply,
populations canincrease. which allows fewer species to live there.

New Inbalanced ecosystems, predators Red foxes were introduced forrecreational

predators catch enough prey to survive butnotso | huntingin Australiain the 1800s but have
many that they wipe out the prey since caused the decline of many native
population. If anew predatoris species that they feed on, such as small
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introduced to the ecosystem, the
system may become unbalanced.

mammals and birds. This has also reduced
the food supply for native predators.

New
pathogens

If anew pathogen enters an ecosystem,
the populations living there will have no
immunity orresistance toit, and the
population may decline or be wiped out.

Avian flu can cause population declinesin
wild bird species. An outbreak of the H5NT
virusin the bar-headed goose in Qinghai
Lake, China,in 2005 caused the deaths of
over 6 000 birdsinthe area, representing a
significant proportion of the bar-headed
goose population.

Competition

If two species compete for the same
resource(s) and oneis betteradapted to
take advantage of these resources, then
that species will outcompete the other.
This may continue until there are too few
members of the less well-adapted
species to breed successfully.

North American grey squirrels were
introduced to the UKinthe 1800s and have
since caused a declinein our native red
squirrel population. Grey squirrels have
outcompetedred squirrels forresources
such as food and nest-sites. They also carry a
virus (a new pathogen) that red squirrels have
no resistance to.

o

Worked Example

A study recorded the number of red and grey squirrels in a particular woodland habitat for 20 years.
Grey squirrels were introduced to the habitatin year 5 of the study. What conclusions can you draw
from the graph about the effect of introducing grey squirrels to a habitat thatis occupied by red

squirrels? Explain why this might have occurred.
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Answer

As the number of grey squirrels increases, the number of red squirrels decreases. This might have
occurred because the two squirrel species are competing for one or more of the same resources.
Grey squirrels are better adapted to use these resources and have outcompeted the red squirrels
until eventually there are too few red squirrels left to breed successfully. At this point, there are no
red squirrels left in the habitat; they have become locally extinct.

\
Abiotic Factors

= Thenon-living, physical factors that influence ecosystems and the communities of organisms within
them are termed abiotic factors

= Theseinclude factors such as:
= Temperature
= Sunlight
= pH(soiland water)
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= Salinity

= Dissolved oxygen

= Soil texture

= Moisture and precipitationlevels
= Minerals and nutrients

= Windintensity

= Carbondioxide levels (for plants)
= Changesin abiotic factors can affect the survival and reproduction of organisms, and the overall
functioning of ecosystems

= Abiotic factors can be quantified (measured) to help determine the distribution of species in aquatic or
terrestrial ecosystems
Examples of Abiotic Factors

Abiotic Factor How it Affects Communities

Temperature Affects therate of photosynthesisin plants. It also affects the rate of metabolism,
growth, andreproduction of organisms. Certain species have adapted to specific
temperature ranges and cannot survive outside of those ranges.

Sunlight Plants require light for photosynthesis. More light leads to anincrease in the rate of
photosynthesis and anincrease in plant growthrates.

pH (soiland pH levels affect the availability of nutrients in soil and water, influencing plant growth

water) and the survival of aquatic organisms. Certain species are adapted to specific pH
ranges.

Salinity It affects the health and survival of aquatic organisms, particularly those that are

adapted to specific salinity levels.

Dissolved Essential for the survival of aquatic organisms, particularly fish. Low oxygen levels
oxygen canleadto hypoxia and negatively impact aquatic ecosystems.
Soiltexture Influences waterretention, nutrient availability, and root penetration, affecting plant

growth and the distribution of soil-dwelling organisms.
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Moisture and Determines the amount of water available to organisms, which canimpact their
precipitation survival, growth, and reproduction.

Minerals and Different species of plants are adapted to different soil mineral contents and
nutrients nutrient concentrations, influencing plant growth and community composition.
Windintensity Wind speed affects the transpirationrate in plants and can disperse seeds and

pollen, influencing plant distribution and reproduction.

Carbon dioxide COgisrequired for photosynthesisin plants. CO; concentration affects the rate of
levels photosynthesis and overall plant growth.

Ecological Niches

Aniche describes the particular set of abiotic and biotic conditions and resources to which an
organism or population responds and upon which an organism or population depends

Eachindividual species has its own distinct niche because only one species can occupy a given niche.

If two species try to occupy the same niche, they will compete with each other for the same resources

= One of the species will be more successful and out-compete the other species until only one
speciesisleft and the otheris either forced to occupy a new, slightly different niche orto go
extinct from the habitat orecosystem altogether

Forexample, the three North American warbler species shown below all occupy the same habitat
(spruces and other conifer trees) but occupy slightly different niches as each species feeds at a
different height within the trees

= This avoids competition between the three species, allowing them to co-exist closely with each
otherinthe same habitat
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KEY
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Although it appears as though these three species share the same niche, they actually spend their time
feeding in different parts of spruces and other conifer trees

©

Examiner Tips and Tricks

It can be difficult to understand the concept of a niche. It can help to think of it as the specificrole a
species plays withinits habitat, including its behaviours, the resources it consumes, and the specific
places where it feeds and shelters.

\
Population Interactions
= Apopulationisagroup of organisms of the same species living in the same area at the same time
= Populations are characterised through:
= Size

= Density
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= Distribution
= Age structure
= Growthrate

= Interactionwith each other
Ecosystems consist of many populations of numerous different species interacting with each other

Populationsinteract in ecosystems through:
= Herbivory
= Predation
= Parasitism
= Mutualism
= Disease
= Competition

Resultingin ecological, behavioural and evolutionary consequences

Herbivory

When an organism (known as an herbivore) feeds on a plant
The carrying capacity of herbivore species is affected by the number of plants they feed on
An area with more plant resources will have a higher carrying capacity for herbivore species

This can have negative feedback effects (i.e. the carrying capacity of the herbivore species may
decrease if herbivory rates are too high and the plant population decreases too much)

Predation

When one animal eats (preys upon) another
This lowers the carrying capacity of the prey species

This can also have negative feedback effects, lowering the carrying capacity of the predator species
due to adecreasein prey numbers

In a stable community, the numbers of predators and prey rise and fall in cycles, limiting the carrying
capacity of both predator and prey populations

The graph below demonstrates some of the key patterns of predator-prey cycles:

= Thenumber of predatorsincreases as more prey is available
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= The number of prey then decreases as there are now more predators /
= The number of predators decreases as there is now less prey available Your notes
= The number of preyincreases as there are now fewer predators

= Thecycle nowrepeats

PEAK IN SHOWSHOE
HAIR NUMBERS...

_ ..FOLLOWED BY A PEAK IN
CANADIAN LYNX NUMBERS.

POPULATION SIZE

V

TIME

KEY
—— = SNOWSHOE HARE = = CANADIAN LYNX

An example of a graph used to model a predator-prey cycle between the Canadian lynx and the
snowshoe hare

Parasitism

= Parasites are organisms that are adapted to live very closely with another species, known as the host
species

= Aparasitic relationship is one in which the parasitic organism benefits from the host organism

= The parasite lives eitherin or on the body of the host species and gains resources (i.e. what it needsin
order to survive) from the host, including food, shelter and a suitable location to reproduce (where
offspring can feed and grow)
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= However, the host does not benefit from this relationship and parasites often harm the hostin some ,
way

Your notes

= This canlowerthe host's carrying capacity

=  Anexample of a parasitic relationship is fleas being parasites on mammals (e.g. dogs)—the fleas feed
onthe host's blood but don't provide anything to the hostin return and may transmit diseases to the
host

= Anotherexampleis the parasite that causes malaria

= This parasite infectsred blood cells in humans, causes recurrent episodes of fever and can be fatal
in certaininstances

= The malarial parasite has alife cycle that includes the mosquito as a vector

MOSQUITO HUMAN

FEMALE ANOPHELES

————>| MOSQUITO BITES
THE HUMAN
SEXUAL REPRODUCTION
OF THE MALARIA
PARASITE
v
W MALARIA PARASITE
INFECTS THE LIVER
MOSQUITO CONSUMES AND REPRODUCES
INFECTED BLOOD ASEXUALLY
WHEN FEEDING

MALARIA PARASITES
IN THE BLOOD OF |(—] Q
HUMANS

RED BLOOD CELL

Part of the malaria parasite's life cycle is in humans and the other part is in mosquitos

Mutualism
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A mutualistic relationship between species is one in which both species benefit
Thisincreases the carrying capacity of both speciesin the relationship

An example of a mutualistic relationship is the one that exists between bees and many species of
flowering plants

Bees gainnectar (i.e. food to provide them with energy) from flowers
When bees visit flowers, pollenis transferred to their bodies
As bees visit multiple different flowers, they spread the pollen to these flowers, pollinating them

In this way, the flowers gain help inreproducing

Disease

Pathogens (bacteria, viruses, fungi, and protozoa) are organisms that cause diseases
These diseases lower the carrying capacity of the species that the pathogens infect

Changesintheincidence of diseases can cause populations to fluctuate around their carrying
capacity

Competition

Competition can be divided into intraspecific competition (competition between members of the
same species) and interspecific competition (competition between members of different species)

= |ntraspecific competition canlower the carrying capacity of a population due to a decreasein
food availability caused by high population density

= |nterspecific competition occurs between species with similar niches, causing a decrease inthe

carrying capacity of one orboth species
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GREY SQUIRREL GREY SQUIRREL

LIMITED FOOD
RESOURCE

\___/

SAME SPECIES

THIS INDIVIDUAL HAS
BEEN OUTCOMPETED
FOR THIS FOOD
RESOURCE

Intraspecific competition between two grey squirrels (same species) for a limited resource
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GREY SQUIRREL RED SQUIRREL

LIMITED FOOD
RESOURCE

\_ 7/

DIFFERENT SPECIES

THIS SPECIES HAS
BEEN OUTCOMPETED
FOR THIS FOOD
RESOURCE

Interspecific competition between a grey squirrel and a red squirrel (different species) for a limited

resource
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Population Growth

Carrying Capacity

= The maximum stable population size of a species that an ecosystem can support (determined by
competition forlimited resources) is known as the carrying capacity

= Everyindividual within a species population has the potential to reproduce and have offspring that will
contribute to population growth

= |nreality, however, there are many abiotic and biotic factors that prevent every individualin a
population from making it to adulthood and reproducing

= This ensures the population size of each speciesis limited at some point (i.e. the carrying capacity of
that speciesisreached)

= Thisiswhy no single species has a population size that dominates all other species populations on
Earth, with the exception of humans (as we have managed to overcome many of the abiotic and
biotic factors that could potentially limit the population growth of our species)

= The graph below shows the population growth of a population of lions

= The point at which the graph starts to flatten out (plateau) is the carrying capacity of this
population

= At this point, the environmental (abiotic and biotic) factors that stop individuals from surviving and
reproducing result in the population no longer being able to grow in size

POPULATION REACHES A CRITICAL
SIZE WHERE ENVIRONMENTAL FACTORS
KICK IN AND SLOW DOWN THE RATE
OF POPULATION GROWTH

OF LIONS

No.

~
/

TIME
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An example graph showing the population growth of a population of lions and the point at which the ,

carrying capacity of this population has almost been reached
Your notes

Density-dependent Factors & Negative Feedback
Mechanisms

= Populationsize isregulated by density-dependent factors and negative feedback mechanisms
= Density-independent factors may influence population size

= Forexample, environmental conditions like climate, temperature, rainfall patterns and soil fertility
canlimit the size of a population

= However, itis mainly density-dependent factors that regulate populations around the carrying
capacity

= Density-dependent factors are factors whose impact on population size varies with the
population's density

Density-dependent factors
= Competition forresources:

= Aspopulation density increases, individuals compete more intensely for limited resources like
food, water and shelter

= Forexample,inaforest ecosystem, as deer population density rises, competition for available
food(grass, leaves, etc.) increases, placing limits onindividual growth rates and overall
population size

= Increasedrisk of predation:

= Higherpopulation density increases the likelihood of predators encountering prey, leading to
more predation events

= Forexample,ina coralreef ecosystem, as fish populations grow denser, predation by larger
fish species alsoincreases, regulating the population size of smaller fish species

= Pathogen transmission:

= Dense populations facilitate the spread of pathogens, such as diseases and parasites, leading to
increased mortality rates

= Forexample,inapopulation of batslivingin a cave, as population density increases, close
contact between individuals facilitates the transmission of pathogens—thisincreased
pathogen transmission canlead to higher mortality rates among bats, regulating the
population size
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Negative feedback mechanisms

= Density-dependent factors drive negative feedback mechanisms, which act to return a population to
its equilibrium state, maintaining stability

= Aspopulation density rises, factors like resource scarcity, increased predation and disease
outbreaks trigger mechanisms that reduce population growth rates

Population Growth Curves

= Population growth can either be exponential or limited by carrying capacity
= |fthere are nolimiting factors, population growth follows a J-curve (exponential growth)

= When density-dependent limiting factors start to operate, the curve becomes S-shaped

J-curves

= Forsome populations, when population growthis plotted against time, a J-curve is produced

= AJ-curve describes the growth pattern of a populationin an environment with unlimited resources
= The J-curve has three distinct phases:

1.Lagphase:

= Theinitial growthis slow when the populationis small

2. Exponential growth phase:
= Population growth accelerates exponentially as the number of individuals increases

= The curve takes a J-shape due to exponential growth, as resources are not limiting the growth of
the population

= The population will continue to grow until a limiting factor such as disease or predation occurs

3. Crash phase:

= Atthis point, if there has been a significant population overshoot (if the population hasincreased
farbeyond the natural carrying capacity), there may be a sudden decrease in the population,
known as a population crash
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PEPOPULATION OVERSHOOﬂ /
LAG EXPONENTIAL IS CRASH Your notes
PHASE GROWTH ':‘, PHASE

PHASE « ¥
\
]
]
1
]
]
| ]

POPULATION SIZE (NUMBER OF INDIVIDUALS OF THE SPECIES)

TIME /7 NUMBER OF GENERATIONS

“‘“"\.
/

A J-population curve describes the growth pattern of a population in an environment with unlimited
resources

S-curves

For most populations, when population growthis plotted against time, an S-population curve is
produced

= AnS-population curve describes the growth pattern of a populationin aresource-limited
environment

= The S-population curve has four distinct phases:
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1.Lag phase:

= Theinitial growthis slow when the populationis small
2. Exponential growth phase:

= Withlow orreduced limiting factors, the population expands exponentially into the habitat
3. Transitional phase:

= Asthepopulation grows, thereisincreased competition between individuals for the same limiting
factors orresources

= This competitionresultsin alowerrate of populationincrease
4. Plateau phase:

= The populationreachesits carrying capacity and fluctuates around a set point determined by the
limiting factors

= Changesinlimiting factors cause the population size to increase and decrease (these increases
and decreases around the carrying capacity are controlled by negative feedback mechanisms)
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LAG
PHASE

POPULATION SIZE (NUMBER OF INDIVIDUALS OF THE SPECIES)

EXPONENTIAL
GROWTH
PHASE

TRANSITIONAL PLATEAU

PHASE

PHASE

CARRYING CAPACITY (K)

““""h..
/

TIME / NUMBER OF GENERATIONS

An S-population curve describes the growth pattern of a population in a resource-limited environment
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Human Populations ,

Your notes

Human Population Growth

Limiting factors on human population growth

= Human societies are increasingly able to overcome the limiting factors that once slowed down the
growth of human populations

= Aswellas allowing human population to dramatically increase in size in over the last few hundred
years, this also has many negative consequences for the sustainability of ecosystems

= The mainreasons humans have been able to eliminate these limiting factorsinclude:
1. Elimination of natural predators:

= Removal of natural predators like wolves or big cats has led to unchecked growth in certain human
populations

= Thishasalsoresultedinimbalancesin ecosystems, such as overgrazing by deer populations due to
the absence of wolves

= Forexample,in Yellowstone National Park, reintroduction of wolves helped control the elk
population, whichin turn allowed vegetation to regenerate and stabilised the ecosystem

2. Technological advances:

= Technological advancementsin agriculture and medicine have reduced mortality rates and
increased food production

= This hasled to exponential population growth as more people survive and reproduce

= The GreenRevolutioninthe mid-20th century, with the introduction of high-yield crop
varieties and modern agricultural techniques, significantly increased food production globally

3. Degradation of the environment:

= Qurdegradation of the environment has allowed humans to extract valuable resources like
timber, minerals and fossil fuels

= Clearing of forests for agriculture and urbanisation provides more living space and land for food
production, increasing human population growth rates

= Environmental degradation continues to facilitate the extraction of energy sources, such as
fossil fuels, which are vital for sustaining growing populations

= However, these activities also disrupt ecosystems, leading to habitat destruction, pollution and
resource depletion
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= Negative impacts on biodiversity and ecosystem services compromise the sustainability of ,
ecosystems and eventually their ability to support human populations
Assessing carrying capacity for human populations Yournotes

= Scientists use various methods to estimate the carrying capacity of an environment for a given species

= These methodsinclude field observations, population surveys, mathematical modelling and data
analysis

= By studying population trends, resource availability and speciesinteractions, researchers can
make informed estimates of carrying capacity

= However, estimating carrying capacity becomes challenging when it comes to human populations
due to severalreasons:

The broad and changing ecological niche of humans

= Populationsin ecosystems tend to reach equilibrium when the availability of resources matches the
population's needs

= However, humans have a broad and dynamic ecological niche, constantly adapting through
technologicalinnovations and changesin consumption patterns

1. Mobility of resources:
= Humans have the ability to move and exploit resources beyond theirimmediate habitat

= This mobility complicates the assessment of carrying capacity, as humans can draw resources
from distant locations

= Forexample, global trade allows societies to access resources like food and materials from
around the world, solving the problem of local resource limitations

2. Technological advancements:

= Human societies have the ability to modify their environment and overcome traditional carrying
capacity limitations through technology

= Forexample, the development of agriculture andirrigation techniques has allowed humans
toincrease food production and support larger populations beyond what the natural
environment could sustain

3. Cultural and social factors:

= Human population dynamics are influenced by cultural norms, social behaviours and economic
factors

= Forexample, these can affect fertility rates and migration patterns, making it difficult to

accurately predict or estimate carrying capacity for human populations
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4. Changing lifestyles and consumption patterns:

= Human populations are characterised by varying lifestyles and consumptionrates, which can
significantly impact resource demands and environmentalimpacts

= Forexample, urbanised societies with highlevels of consumption may strain the carrying
capacity of their surrounding areas due to increased resource demands and waste generation

5. Adaptive capacity:

= More so than any other species, humans have the ability to adapt and innovate inresponse to
changing environmental conditions

= This adaptability can affect carrying capacity by influencing resource use efficiency and the
development of technological solutions

Disputed estimates of carrying capacity

= Urbanisation andindustrialisation continually reshape human habitats, making it challenging to
estimate carrying capacity

= Estimates are often disputed due to uncertainties in factors like technology, consumption patterns
and environmental degradation
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\CARRYING CAPACITY POPULATION GROWS EXPONENTIALLY AS
OF ENVIRONMENT IT CONSUMES RESOURCES UNTIL IT
REACHES THE ENVIRONMENT’S CARRYING
CAPACITY, WHEREBY IT REMAINS STABLE
OR FALLS

IF AT ANY POINT THE CARRYING CAPACITY
DECREASES ECONOMIC DEVELOPMENT
SLOWS DOWN OR STOPS

POPULATION SIZE

TIME

\ POPULATION GROWS EXPONENTIALLY AND
P (N, T i R . T OVERSHOOTS THE LIMIT OF RESOURCES

IT LEADS TO NOT ENOUGH RESOURCES TO
GO AROUND SO PEOPLE SUFFER AND
DEATH RATES INCREASE. E.g. LACK OF FOOD
SUPPLY LEADS TO FAMINE

CARRYING
CAPACITY

POPULATION SIZE

POPULATION WILL INCREASE AGAIN ONCE IT
SINKS BELOW CARRYING CAPACITY AND
TIME MORE RESOURCES ARE AVALIABLE PER
PERSON

Two different scenarios showing how human populations may respond to reaching their carrying
capacity

-

Examiner Tips and Tricks

Although our unsustainable extraction of natural resources has allowed many local human
populations (as well as the global human population) to overcome various limiting factors and grow
exponentially, itisimportant to note that this environmental degradation, in the long-term, will also
negatively impact the ability of ecosystems to support human populations.
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Studying Populations

Sampling Strategies

Populations and samples

POPULATION

SAMPLE

A @ {——{ INFERENCE =
o A e
AT o | s | A

Sampling methods are used to extract a smaller sample from a larger population - inferences (i.e.
conclusions) can then be made about the population by analysing the sample data

What is a population?
= Apopulationrefers to the whole set of things that you are interested in

= e.g.if ateacherwanted to know how long pupilsinyear11 at their school spent revising each week
then the population would be all the year 11 pupils at the school

= Population does not necessarily refer to anumber of people or animals

= e.g. ifanIT expert wanted toinvestigate the speed of mobile phones then the population would
be all the different makes and models of mobile phones in the world

Whatis asample?
= Asamplerefersto aselected part(i.e. a subset) of the population that datais collected from

= e.g. fortheteacherinvestigating year Tl revisiontimes, a sample would be a certain number of
pupils fromyear Tl
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= Arandom sampleis where every itemin the population has an equal chance of being selected
= e.g. every pupilinyear 11 would have the same chance of being selected for the teacher's sample
= Abiased sampleis where the sample is notrandom

= e.g. the teacherasks pupils from just one class
What are the advantages and disadvantages of using a population?

= Youmay see or hear the word census - thisis when datais collected from every member of the whole
population

= The advantages of using a populationinclude:
= Accurateresults - as every member/item of the populationis used
= Alloptions/opinions/responses will be included in the results
= Thedisadvantages of using a populationinclude:
= Time consuming to collect the data
= Expensive due to the large numbersinvolved

= Large amounts of data to organise and analyse

What are the advantages and disadvantages of using a sample?
= The advantages of using asampleinclude:
= Quickerto collectthe data
= Cheaper as not so much workinvolved
= Lessdatatoorganise and analyse
= Thedisadvantages of using a sample include:
= Asmallsample size canlead to unreliable results
= Sampling methods can usually be improved by taking a larger sample size
= Asample canintroduce bias
= Particularly if the sample is notrandom
= Asample mightnot be representative of the population
= Onlyaselection of options/opinions/responses might be accounted for

= The members/items used in the sample may all have similarresponses
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= e.g.evenwitharandom sample, it may be possible that the teacher happens to select pupils ,
fortheir sample who allhappen to do very little revision
= [tisimportant to recognise that different samples (from the same population) may produce different Your notes
results

Random and systematic sampling strategies

RANDOM SAMPLE SITES SYSTEMATIC SAMPLE SITES

Random sampling differs from systematic sampling when choosing sample sites for an area of land

= There are two different types of sampling:
= Random
= Systematic
= |nrandom sampling, the positions of the sampling points are completely random or due to chance

= Forexample, sampling points can be selected using arandom number generator to create a set of
random coordinates

= This methodis beneficial because it means there will be no bias by the person whois carrying out
the sampling that may affect the results (i.e. there will be no researcher bias)

= Random sampling can be used when the population size or the individual sample size is relatively
small, and allindividuals have an equal chance of being sampled

= |nsystematic sampling, the positions of the sampling points are chosen by the person carrying out the
sampling and aregular patternis used to select sample points

= Thereisapossibility that the person choosing could show bias towards or against certain areas

= |ndividuals may deliberately place the quadrats in areas with the least species as these will be
easier and quicker to count

= Thisisunrepresentative of the whole area
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= Whenasampling areais reasonably uniform or has no clear pattern to the way the species are
distributed, random samplingis the best choice

Transect sampling

= Systematic sampling allows researchers to investigate the effect of the presence of certain
environmental features on species distribution e.g. by taking samples along a line that extends away
from, oralong, an environmental feature, such as ariver

= Aline of this type is known as a transect

= Transectsamplingis used whenthereis a clear change in the physical conditions across the area being
studied

= Forexample, there may be changes in altitude, soil pH or light intensity

= Methodsusing transects can help show how species distribution changes with the different
physical conditionsin the area

= Atransectisalinerepresented by a measuring tape, along which samples are taken
= Foraline transect:
= Layoutameasuringtapein astraightline across the sample area

= Atequal distances along the tape, record the identity of the organisms that touch the line (e.g.
every2m)

= Forabelttransect:

= Place quadrats atregularintervals along the tape and record the abundance or percentage cover
of each species within each quadrat

ORGANISMS FOUND AT THE REGULAR
LINE TRANSECT SAMPLE POINTS ARE RECORDED

QUADRATS ARE PLACED AT REGULAR SAMPLE
POINTS AND THE ABUNDANCE OF THE
BELT TRANSECT ORGANISMS WITHIN EACH IS RECORDED
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Aline transect and belt transect is carried out in a habitat ,

© TRANSECT

Your notes

70—\%"

60 — j

QUADRATS (x8)

50 — )

ALTITUDE 40 2
(m)
30 i

BUTTERCUPS

Eﬁ

20 — i

10 /c \

HILLSIDE

An example of a belt transect on a hillside—quadrat is placed at regular intervals (every 10 m of altitude
gained) and the number of individuals (of the species being investigated e.g. buttercups) in each
quadrat is recorded

Quadrat Sampling
= Quadrats are square frames made of wood or wire
» Theycanbe avariety of sizes e.g. 0.25 m? or 1 m?
= They are placed on the ground and the organisms within them are recorded

= Non-motile organisms such as plant species are commonly studied using random quadrat sampling to
estimate their population size

= Quadrats can be used to estimate population size by recording:

= The number of anindividual species: the total number of individuals of a single species (e.g.
daisies)isrecorded

= Percentage cover: the approximate percentage of the quadrat areain which anindividual species
is foundisrecorded (this methodis often used when it is difficult to count individuals of the plant
species beingrecorded eg. grass or moss)
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Using a quadrat to estimate population size

Estimating population size
= Quadrats must be laid randomly in the area to avoid sampling bias

= Thisrandom sampling can be done by converting the sampling areainto a grid format and labelling
each square on the grid with a number

= Thenarandomnumber generatoris used to pick the sample points

= Oncethe quadrat has beenlaid on the chosen sample point the abundance of all the different species
present canberecorded
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ESTIMATING POPULATION SIZE METHOD

USE TWO TAPE MEASURES TO
LAY OUT A SURVEY AREA
(e.g.10m x10m) IN YOUR CHOSEN
HABITAT, SUCH AS THE SCHOOL
FIELD.

< T~
o —

10Om

USE A RANDOM NUMBER GENERATOR
TO CREATE A SET OF COORDINATES
TO PLACE YOUR FIRST QUADRAT.
eg. IF YOU GET A 4 AND A 5, PLACE
YOUR QUADRAT 4m ALONG THE
x—AXIS AND 5m ALONG THE y-AXIS.

1m
[E COUNT THE NUMBER OF YOUR CHOSEN = 3 DANDELIONS

PLANT SPECIES (e.g. DANDELIONS) THAT
ARE FOUND WITHIN THIS QUADRAT.

7\
\

1m
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4

Quadrat dandelions RESULTS TABLE AND REPEAT
STEPS 1-3 UNTIL YOU HAVE
1 3 RECORDED THE NUMBER OF
YOUR CHOSEN PLANT SPECIES
2 4 IN 10 QUADRATS.
3 2
4 1
5 0
6 0
7 2
8 5
9 3
10 1
Total 21
ESTIMATE THE POPULATION OF
DANDELIONS IN YOUR SURVEY
AREA USING THE EQUATION:
ESTIMATED TOTAL NUMBER
TOTAL AREA
POPULATION = AREA SAMPLED x OF DANDELIONS
SIZE COUNTED
TOTAL SURVEY AREA - % x 21
WAS 10mx10m EACH QUADRAT IS
A1m *1m AND
= 210 10 QUADRATS WERE
PLACED

How to estimate the population size of a plant species in a survey area

Estimating percentage cover and percentage frequency

= Percentage coveris an estimate of the area within a given quadrat covered by the plant oranimal being
sampled
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= Percentage frequencyis the number of squares in which the species occurs divided by the

number of possible occurrences

x 100

= This canbe useful, asit can sometimes be difficult to count individual plants or organisms within a

quadrat

Forexample, if grassis foundin 89 out of 100 squares in the quadrat thenit has a percentage

frequency of 89%

= This process could be repeated for a series of quadrats within a given sample area

= Thisinformation could then be used to calculate the average percentage cover across all the

sampled quadrats

SEEGIES 2
OVERLYING
SEEEIES R

IF A SQUARE IS OVER
HALF FULL WITH A
SPECIES THEN IT IS
COUNTED AS A
PERCENTAGE

|
" 5
NEITHER
SPECIES «
PRESENT
KEY
|:| = SPECIES 1 . = SPECIES 2

Using a quadrat to investigate percentage cover of two species of grass—there may be some
squares lacking any species and other squares with multiple species

Page 43 of 54

© 2015-2024 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers

4

Your notes


https://www.savemyexams.com/?utm_source=pdf
https://www.savemyexams.com/

1, SaveMyExams

Head to www.savemyexams.com for more awesome resources

s

Your notes

KEY

[ ]=GRAss

|:| = MOSS

PROCESS CALCULATIONS

STEP 4: COUNT THE NUMBER GRASS COVERS 45 SQUARES
OF SQUARES COVERED

BY GRASS 45 += 0.45

0.45 x 100 = 45%

STEP 2: CALCULATE THIS AS A
PERCENTAGE (DIVIDE THE [] PERCENTAGE COVER OF GRASS =457
NUMBER OF SQUARES
COVERED BY GRASS BY
THE TOTAL NUMBER OF —1
SQUARES IN THE QUADRAT,
THEN MULTIPLY THIS

MOSS COVERS 42 SQUARES

42 +100 =0.42

BY 100
0.42 x100 = 427%
STEP 3: REPEAT THIS PROCESS D PERCENTAGE COVER OF MOSS=427%
FOR MOSS

How to estimate the percentage frequency of one or more species using a quadrat

o

Examiner Tips and Tricks

Itisimportant to note that percentage cover and frequency give an estimate of abundance but not
actual population size.

\
Capture-mark-release-recapture & the Lincoln Index

= The sampling methods described above are only useful for non-motile (sessile) organisms
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= Differentmethods are required for estimating the number of individuals in a population of motile ,

animals (i.e. animals that are mobile)
Your notes
= The capture-mark-release-recapture methodis commonly used alongside the Lincolnindex(a

statistical measure used to estimate population size)

= Thelincolnindex canbe used to estimate the abundance or population size of a speciesin a given
area

= First, the capture-mark-release-recapture technique is carried out
= Forasingle speciesinthe area:

= Thefirstlarge sample is taken—as many individuals as possible are caught, counted and marked in
away that won’t affect their survival e.g. if studying a species of beetle, a small amount of brightly
coloured non-toxic paint can be applied to their carapace (shell)

= The markedindividuals are returned to their habitat and allowed to randomly mix with the rest of
the population

= When a sufficient amount of time has passed anotherlarge sample is captured
= The number of marked and unmarked individuals within the sample are counted

= The proportion of marked to unmarked individuals is used to calculate an estimate of the
population size (the Lincolnindex)

= The formula for calculating the Lincolnindexis:
Population size estimate = (M x N) + R

= Where:
= M=number of individuals caughtin the first sample (i.e. number of marked individuals released)

= N=numberof marked and unmarked individuals caught in the second sample (i.e. total number of
individuals recaptured)

= R =numberof marked individuals in the second sample (i.e. number of marked individuals
recaptured)

o

Worked Example

Scientists wanted to investigate the abundance of leafhoppersin a small grassy meadow. They used
sweep nets to catch alarge sample of leafhoppers from the meadow. Each insect was marked onits
underside with non-toxic waterproof paint and thenreleased back into the meadow. The following
day anotherlarge sample was caught using sweep nets. Use the figures below to estimate the size
of the leafhopper populationin this meadow.
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= Numbercaught and marked in first sample (M) =236

= Numbercaughtinsecond sample (N) =244

= Number of markedindividualsin the second sample (R) =71
Answer

Step One: Write out the equation and substitute in the known values
N=(MxN)+R
N=(236 x244)+71
Step Two: Calculate the population size estimate (N)
N=57584+71
N =811

Estimated population size = 811

L
Limitations of using the capture-mark-release-recapture

method

= Whenusing the mark-release-capture method, there are a few assumptions that have to be made:

= The marked individuals must be given sufficient time to disperse and mix back in fully with the main

population - this can be time-consuming

= The marking doesn't affect the survival rates of the marked individuals (e.g. doesn't make them

more visible and therefore more likely to be predated)

= The marking remains visible throughout the sampling and doesn't rub off - this is often difficult to

ensure and so the accuracy of population size estimates may be negatively affected

= The population stays the same size during the study period (i.e. there are no significant changesin

population size due to births and deaths and there are no migrations into or out of the main
population) - again, thisis almostimpossible to ensure, further affecting the accuracy of
population size estimates
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Ecosystem Functioning & Sustainability

Ecosystem Functioning & Sustainability

Sustainability of ecosystems
= Sustainability is a fundamental property of ecosystems
= |treferstothe ecosystem's ability to maintain balance and productivity overtime

= Ecosystems naturally regulate themselves to sustain life within them

Balanced inputs and outputs
= |nasteady-state ecosystem, inputs and outputs are balanced
= |nputsinclude energy, nutrients and water entering the ecosystem
= Qutputsinclude energy, nutrients and waste leaving the ecosystem
= Thisbalance ensures the ecosystem's long-term stability and resilience
= Theseinputs and outputs canbeillustrated with ecosystem flow diagrams
= Flow diagrams demonstrate the movement of energy and nutrients within ecosystems

= These diagrams highlight the interconnectedness of biotic and abiotic factors withinan
ecosystem
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Tropical Rainforest Ecosystem Nutrient Flow

An ecosystem flow diagram showing a simplified form of the nutrient cycle in a tropical rainforest

Evidence of long-term sustainability

= Some ecosystems have persisted for millions of years, indicating theirlong-term resilience and
sustainability

= Tropicalrainforests are a prime example of long-term sustainable ecosystems
= Despite changesin climate and other external factors, these ecosystems have endured

= Forexample, the Amazon Rainforest has remained stable despite external pressures like
deforestation

= |tsgreat biodiversity and complexinteractions contribute toits resilience
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Humanimpacts on ecosystem stability j

= Human activity can disrupt the stability of ecosystems, leading to tipping points Your notes

= Tipping points are critical thresholds where small changes can trigger significant shifts in the

ecosystem
= These shifts canlead to the collapse of the original ecosystem and the establishment of a new
equilibrium
Deforestationin the Amazon Rainforest

= Deforestationinvolves the clearing of trees for agriculture, logging, orurban development

= Deforestationreduces the generation of water vapour by plants through transpiration

= Impactonclimate:

= Reduced transpirationleadsto a decrease in the amount of water vapourin the local atmosphere

= Watervapouris essential for cloud formation and precipitation (which generates a significant
cooling effect) and for maintaining regional climate patterns

= Consequently, deforestation disrupts local and regional climate systems

= Feedbackloop:

= Deforestation can create a positive feedback loop where reduced precipitationleads to further

forestloss

= Withless precipitation, the remaining forest may become more susceptible to drought and
wildfires, accelerating deforestation and, as aresult, generating evenless transpiration and
water vapour for precipitation

= New equilibrium:

= |fdeforestation continues atits current rate, it may not be long until the Amazon Rainforest reaches
anew equilibrium state

= This new equilibrium may feature different compositions of species, reduced biodiversity and very
different climate patterns
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Deforestation Feedback Look

and forest fires

Understanding the role of keystone species

= Keystone species are organisms within an ecosystem that have a disproportionately large impact on
the structure and function of the ecosystemrelative to their abundance

In otherwords, even if they have arelatively low abundance, keystone species play critical roles in
maintaining the health and long-term stability of ecosystems

The presence of keystone species can help regulate the population sizes of other species and
maintain higher levels of biodiversity

The removal of keystone species can have cascading effects throughout the ecosystem, leading
to significant changes in community structure and function

If theirremoval disrupts the ecological balance too much, this canincrease the risk of ecosystem
collapse

Examples of keystone species
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= Purple sea stars (Pisaster ochraceus) play a crucial role in controlling mussel populations along the ,

rocky shores of the North Pacific coast
Your notes

= Seastars prey on mussels, preventing them from overwhelming the ecosystem

= Without sea stars, mussel populations would expand rapidly and start to dominate the ecosystem,
outcompeting other species for space andresources

= Thiswould displace otherintertidal organisms, leading to a decline in overall species diversity

= African elephants (Loxodonta africana) play a vital role in shaping the structure and composition of
savannah grasslands

= Elephants feed onshrubs and trees, preventing them from becoming too dense and dominating
the landscape

= Theirbrowsing behaviour creates gaps in the vegetation, promoting the growth of grasses and
increasing habitat diversity—this provides habitats for a greater variety of species, increasing

species diversity

= Theirmovement and feeding activities also contributes to soil nutrient cycling by redistributing
nutrients and increasing soil fertility and plant growth
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A cluster of purple sea stars (Pisaster ochraceus) at Salt Spring Island, British Columbia, Canada (photo
from Wikimedia Commons)

Human impacts on biosphere integrity

= Theplanetary boundaries modelidentifies nine key Earth system processes essential for maintaining a
stable planet

These boundaries represent safe operating limits forhuman activity to preventirreversible
environmental changes

Changes beyond these boundaries can lead to detrimental effects on Earth's systems and human
well-being

Biosphere integrity (one of the nine critical processes) refers to the overall health and diversity of life
onEarth

Human activity has significantly impacted biosphere integrity, pushing it beyond critical thresholds
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= Disturbancesto ecosystems have led to severe loss of biodiversity, disrupting ecological balance
andresilience
= Ecosystems and species diversity are highly interlinked, with each depending on the other:

= Healthy ecosystems support diverse species populations, while diverse communities contribute
to ecosystemresilience and stability

= | oss of biodiversity due to human activities undermines the integrity of ecosystems, making them
more vulnerable to collapse

Evidence from extinctionrates

= Extinctionrates provide tangible evidence that the planetary boundary for biosphere integrity has
been crossed

= Highly accelerated rates of species extinctioninrecent times indicate severe disturbances to
ecosystems and loss of biodiversity

= Human-induced factors such as habitat destruction, pollution and climate change have driven
extinctionrates to unprecedented levels

Avoiding critical tipping points

= Reversing the loss or "erosion” of biosphere integrity is crucial to preventing catastrophic shiftsin
Earth's ecosystems

= Addressing ecosystem damage and specieslossis essential to avoiding reaching these critical
tipping points

= Ecosystem conservation efforts aim to preserve the structure, function and diversity of
ecosystems

= By protecting ecosystems, we can slow the rate of ecosystem damage and reduce the risk of
irreversible changes

= Preserving speciesis a key factorin maintaining ecosystem integrity

= Eachspeciesoccupies a unique ecological niche within an ecosystem, contributing to its stability
andresilience

= Protecting ecosystems helps to preserve the niche requirements essential for the ongoing survival
of individual species

= Various conservation strategies can help to protect ecosystems and preserve species diversity,
including:

= Habitat conservation: protecting natural habitats from destruction and fragmentation helps
maintain ecosystem integrity
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= Species conservation: using specific methods to protect the most endangered speciesis
essential for biodiversity conservation

= Sustainable resource management: promoting sustainable practices ensures the responsible use
of natural resources without degrading ecosystems

o

Examiner Tips and Tricks

When using real-world examples, like the Amazon rainforest, make sure you are able to explain how
human activities, such as deforestation, can disrupt ecosystem stability and lead to new equilibria.

Remember that healthy, stable ecosystems and high species diversity are highly interdependent
factors that sustain each other—a decrease in one will cause a decrease in the otherandvice versa.
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