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Biodiversity

Biodiversity

Biodiversity

Bio diversity can be tho ught o f as the variety o f  lif e  that exists in a speci�ed area

This can refer to  glo bal bio diversity, o r to  the bio diversity o f a smaller regio n

Bio diversity is very impo rtant fo r the resilience o f  eco systems; the mo re bio diverse an

eco system is, the mo re stable  and resistant to  change  it will be

Bio diversity can be studied at three di�erent levels:

Eco system

Species

Genetic

Ecosystem diversity

This is the range  o f di�erent eco systems, o r habitats, within a particular area

If there are a large number o f di�erent habitats within an area, then that area has high bio diversity

A go o d example o f this is a co ral reef; reefs are co mplex with many micro habitats and niches

to  be explo ited

If there are o nly o ne o r two  di�erent habitats then an area has lo w bio diversity

Large sandy deserts typically have very lo w bio diversity as the co nditio ns are very similar

thro ugho ut the who le area

Species diversity

Species diversity can be measured in two  ways:

Species  richness  is the number o f  species  within an eco system

Species evenness  is the number o f  individuals o f  each species  within an eco system

Fo r an eco system to  have high species diversity it must have high species richness and high

species evenness

An eco system wo uld no t be species diverse if it had 1000 species, but o nly had a few

individuals o f 500 o f tho se species; this wo uld be high richness but lo w evenness

An eco system wo uld no t be diverse if it had 10 species and had tho usands o f individuals o f

each species; this wo uld be high species evenness but lo w species richness

Eco systems with high species diversity are usually mo re stable  than tho se with lo wer species

diversity as they are mo re resilient  to  enviro nmental changes

Fo r example in the pine fo rests o f Flo rida the eco system is do minated by o ne o r two  tree

species; if a patho gen co mes alo ng that targets o ne o f the two  do minant species o f trees,

then the who le po pulatio n co uld be wiped o ut and the eco system it is a part o f co uld

co llapse
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Genetic diversity

The genetic diversity is the number o f  di�erent alleles o f  genes  that are present

This can be in an entire species o r in a lo cal po pulatio n

Facto rs that co ntribute to  genetic diversity include:

The pro po rtio n o f genes that have mo re than o ne allele

The number o f di�erent alleles that each gene has

There can be genetic di�erences o r diversity between po pulatio ns  o f the same species

This may be because the two  po pulatio ns live in di�erent areas and so  are subject to  slightly

di�erent selectio n pressures that a�ect the allele frequencies in their po pulatio ns

There can be genetic di�erences between individuals  within a po pulatio n

Genetic diversity in a species is impo rtant as it can help the po pulatio n adapt  to , and survive,

changes in the enviro nment

Types of  biodiversit y diagram
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There are di�erent levels of biodiversity, such as ecosystem (habitat) diversity, species diversity, and

genetic diversity
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Biodiversity Comparisons

Biodiversity change over time

Current estimates fo r glo bal species diversity vary, but recent estimates suggest that there

co uld be aro und 8.7 millio n species o n Earth

Aro und 1.2 millio n species have currently been reco rded and classi�ed, meaning that if

estimates are co rrect, there are still many mo re species to  be disco vered

The number o f species o n Earth has no t always been the same; the fo ssil reco rd sho ws that:

Many species that have existed in the past are no  lo nger present

This is due to  extinctio n

There are many mo re species alive to day than have been alive in the past

The pro cess o f speciatio n leads to  an increase in the number o f species

When speciatio n o ccurs at a higher rate than extinctio n, glo bal bio diversity will increase

Despite many extinctio ns o ccurring o ver recent years, perio ds o f speciatio n in the past mean that

glo bal bio diversity levels are still higher than ever befo re

Speciation gives rise to new species over time, increasing global biodiversity
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NOS: Classi�cation is an example of pattern recognition but the same
observations can be classi�ed in di�erent ways

The accuracy o f the estimated number o f species o n Earth is dependent o n the pro cess o f

classi�catio n

If species are classi�ed co rrectly then estimates will be mo re accurate

If species are inco rrectly classi�ed to gether then estimates will be to o  small

If species are inco rrectly separated then estimates will be to o  large

Classi�catio n can be subjective; it is no t always easy to  determine the po int at which o ne

species has beco me two , o r whether similar o rganisms are o f the same species, o r are two

di�erent species

It can be said that taxo no mists are either

'Lumpers'

Lumpers fo cus o n similarities mo re than di�erences, and are mo re likely to  classif y

species to gether

'Splitters'

Splitters fo cus o n di�erences, and are mo re likely to  classif y species separately

Reasons for Extinction

Anthropogenic Species Extinction

Anthropogenic extinction

Extinctio n that has been caused by human activities is referred to  as anthro po genic extinctio n

Scientists believe that we are currently experiencing a mass extinctio n event , and that human

activities are playing a large ro le

There have been �ve mass extinctio n events in the past, so  the current ro und o f extinctio ns

co uld be the sixth

Ant hropogenic ext inct ion case st udy: Nort h Island giant  moas

The No rth Island giant mo a (Dinornis novaezealandiae) was a large, �ightless, herbivo ro us bird that

lived in New Zealand until the year 1300

Humans arrived in New Zealand between 1200−1300, and it is tho ught that the mo as were hunted

to  extinctio n by humans  by 1300
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The North Island giant moa (Dinornis novaezealandiae) was once thought to be several di�erent species

of moa due to size di�erences between larger females and smaller males, hence the image here being

labelled with a di�erent species name

Ant hropogenic ext inct ion case st udy: Caribbean monk seals

Caribbean mo nk seals (Neomonachus tropicalis) lived in the o ceans aro und the gulf o f Mexico  and

the Caribbean, and were declared extinct in 2008, tho ugh it is believed that they may have go ne

extinct befo re this

Their do cile nature and their habit o f lying o ut o n the ro cks meant that these seals were easy fo r

Euro pean co lo nists to  hunt f o r their o il and meat

CC BY-SA 4.0 via Wikimedia Commons

Caribbean monk seals were hunted to extinction to provide humans with oil and food

Ant hropogenic ext inct ion case st udy: st udent  choice

A third case study sho uld be cho sen and researched

Co nsider the fo llo wing facto rs

The species cho sen sho uld be fro m a lo cal o r f amiliar regio n

The species must have go ne extinct due to  human activities

The case studies abo ve give an indicatio n o f the level o f detail required

Examples o f extinct species fro m di�erent parts o f the wo rld include:

Baiji (Lipotes vexillifer), a species o f river do lphin

Passenger pigeo n (Ectopistes migratorius)

Paradise parro t (Psephotellus pulcherimus)

Go lden to ad (Incilius periglenes)

St Helena darter (Sympetrum dilatatum), a species o f drago n�y

Exam T ip

Yo u need to  be able to  discuss the causes o f anthro po genic extinctio n in the co ntext o f three

case studies:

No rth Island giant mo as

Caribbean mo nk seals

A third species o f yo ur cho ice

No te that yo u do  no t  need to  use Latin names when referring to  species in an exam.
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Ecosystem Loss

Ecosystem Loss: Causes

The term eco system is used to  describe all o f the living o rganisms in an area, alo ng with their

interactio ns with each o ther and the no n-living enviro nment

Human activities are respo nsible fo r damaging and destro ying many eco systems  aro und the

wo rld

E.g. the destructio n o f habitat during defo restatio n

Anthropogenic ecosystem loss case study: mixed dipterocarp forest in
Southeast Asia

Diptero carps are a family o f trees that o ccur in the tro pics, and that o nce fo rmed a crucial part o f

a co mplex rainfo rest eco system that do minated So utheast Asia

These rainfo rests are being gradually lo st, with so me parts o f So utheast Asia having lo st mo re

than 50 %  o f their fo rests

Fo rest is o ften lo st due to  a practice kno wn as clear-cutting, where all o f the trees in an area are

cut do wn and remo ved

This pro vides timber and clears land fo r agriculture, e.g. palm o il plantatio ns
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K.Yoganand, CC BY-SA 4.0, via Wikimedia Commons

Dipterocarp forests used to dominate Southeast Asia, but are being lost to deforestation

Anthropogenic ecosystem loss case study: student choice

A seco nd case study  sho uld be cho sen and researched

Co nsider the fo llo wing facto rs

The eco system cho sen sho uld be fro m a lo cal o r f amiliar regio n

The eco system lo ss must be due to  human activities

The case studies abo ve give an indicatio n o f the level o f detail required

Examples o f eco system lo ss fro m di�erent parts o f the wo rld include:

Great Barrier Reef, Australia

No rthern Great Plains, No rth America

Mangro ve fo rests, vario us lo catio ns

Exam T ip

Yo u need to  be able to  discuss anthro po genic eco system lo ss in the co ntext o f two  case

studies:

Mixed diptero carp fo rests in So utheast Asia

A seco nd case study o f yo ur cho ice
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Loss of Biodiversity

Biodiversity Loss: Evidence

T he evidence for biodiversity loss

To  fully understand the nature and extent o f the bio diversity crisis, so lid evidence  o n the wo rld's

changing bio diversity is required

Fo r such evidence to  be trustwo rthy, it needs to  co ntain su�cient data and it needs to  co me

fro m reliable so urces:

Many reliable bio diversity surveys  need to  have been carried o ut in a wide range o f

habitats

Repeat survey data is needed o ver a perio d o f time

Bo th species richness and species evenness need to  be assessed

To  maximise the vo lume o f data, 'citiz en scientists' can help with survey wo rk

Citiz en scientists are members o f the public who  help to  gather data

Data need to  be expertly analysed

Drawing to gether these large bo dies o f evidence is a huge task, and such wo rk is o ften carried

o ut by o rganisatio ns that wo rk acro ss multiple go vernments, e.g.

IPBES

Intergo vernmental Science-Po licy Platfo rm o n Bio diversity and Eco system Services

IUCN

Internatio nal Unio n fo r the Co nservatio n o f Nature

IPBES

IPBES is an o rganisatio n that wo rks to  gather inf o rmatio n, reco mmend po licies, and

co mmunicate �ndings  relating to  glo bal bio diversity and eco systems

The 2019 IPBES repo rt co ntained a co mprehensive summary o f �ndings fro m research as well as

po licy reco mmendatio ns fo r go vernments

Data is gathered by scientists, go vernment bo dies, and lo cal individuals

Studies are carried o ut in a range o f habitats where regular samples are taken

IUCN

The IUCN is a netwo rk o f o rganisatio ns and individual experts that seeks to  gather kno wledge o f

the natural wo rld and to  pro po se helpful enviro nmental po licies

The IUCN red list  is a list o f the wo rld's mo st threatened species; it has assessed mo re than 150

000 species, and has listed mo re than 42 000 as threatened

The IUCN red list has been co mpiled by scientists and scienti�c o rganisatio ns all aro und the

wo rld, and is used by many gro ups to  info rm co nservatio n e�o rts

Species that have been assessed are catego rised by the IUCN as:
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LC = least co ncern

NT = near threatened

VU = vulnerable

EN = endangered

CR = critically endangered

EW = extinct in the wild

E = extinct

Species can also  be classed as DD (data de�cient) when there is no t eno ugh data o n which to

base a catego ry cho ice, o r as NE (no t evaluated)

The IUCN categorises species on the basis of their risk of extinction; this data can be represented visually

to give an immediate picture of the level of risk being faced by many species

Note that this graphic is from 2016, so does not match the numbers given in the text above

NOS: To be veri�able, evidence usually has to come from a published source,
which has been peer-reviewed and allows methodology to be checked

Co llecting data o n glo bal bio diversity is a huge task, and while quali�ed scientists can co llect a

great deal o f data, this may no t be eno ugh to  gain an o verall picture o f changes o ccurring at a

natio nal o r internatio nal level

To  so lve this pro blem, o rganisatio ns will so metimes ask the public to  help with data co llectio n;

such members o f the public are described as  'citiz en scientists'

Citiz en scientists are o f ten untrained, and may no t always co llect valid data as a result, so  there

will be a certain amo unt o f trade-o � between the quality and the quantity o f  the data

Go o d experimental design and high-quality data analysis  can help to  mitigate the e�ects o f

using citiz en scientists.
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Biodiversity Loss: Causes

T he causes of biodiversity loss

It is widely agreed amo ng scientists that there is a bio diversity crisis  underway due to  the rate at

which extinctio ns are o ccurring

The gro wth o f  the glo bal human po pulatio n is likely to  be the main cause o f this crisis

There are currently mo re than 8 billio n peo ple o n Earth

The glo bal po pulatio n co ntinues to  increase

Even tho ugh birth rates are no w decreasing, peo ple are living lo nger so  births are o ccurring at

a higher rate than deaths and the po pulatio n co ntinues to  gro w

Human po pulatio n gro wth has led to  a bio diversity crisis fo r multiple reaso ns, e.g.
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Overexplo itatio n o f reso urces

Over�shing o f the o ceans are causing a decline in �sh po pulatio ns

Hunting o f animals fo r reso urces such as ivo ry fro m tusks, o il fro m whales, o r fur fro m

beavers

Urbanisatio n, o r the building o f to wns

Direct lo ss o f  habitat  fo r buildings

Fragmentatio n o f habitat into  smaller pieces by, e.g. ro ads

Less land is available fo r agriculture, so  this expands elsewhere

Def o restatio n and habitat lo ss

Land is cleared fo r agriculture, timber, mining, o r quarries

Agriculture may look go o d fo r living o rganisms, but it o ften invo lves the planting o f

mo no cultures with very lo w bio diversity, and it leads to  lo ss o f so il micro -o rganisms

Po llutio n

Micro plastics have been fo und in remo te enviro nments

Fertilisers and o rganic waste can be washed o � farmland into  bo dies o f water

Increase in numbers o f pests

Bio diversity lo ss has led to  an increase in pest species that damage cro ps, e.g. the

co tto n bo llwo rm (Helicoverpa armigera)

Higher bio diversity increases the number o f pest predato rs

Pests will gather in larger numbers in areas o f mo no culture

Invasive species

When humans travel aro und the wo rld  they o ften bring species with them, either by

accident o r o n purpo se; these 'alien' species can have damaging e�ects o n the habitats

to  which they are intro duced

Examples include

Grey squirrels and signal cray�sh in the UK

Cane to ads in Australia

Rats in the Galapago s Islands

Disease

Diseases can wipe o ut large numbers o f species, e.g. the chytrid fungus is tho ught to

have wiped o ut 90 species o f amphibian so  far

Human-caused climate change can increase the ranges o f so me diseases

Humans living clo sely with animal species can result in new diseases as patho gens

transfer between ho sts
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How to Preserve Biodiversity

Conserving Biodiversity

As human activities co ntinue to  cause a decline in bio diversity, the need fo r so lutio ns  to  this

pro blem increases

The pro blem is co mplex, and there is no  o ne simple so lutio n, so  a mixture o f  di�erent

appro aches  is needed

The co mplexities are o ften due to  co n�icts between the needs o f the natural wo rld and the

needs o f humans; these co n�icts are no t always easy to  reso lve

Examples o f di�erent appro aches to  dealing with the bio diversity crisis include

In situ co nservatio n, e.g.

Pro tected areas

Rewilding

Reclamatio n

Ex situ co nservatio n, e.g.

Zo o s

Bo tanic gardens

Seed banks

Tissue banks

In situ conservation

Protected areas

A pro tected area is a de�ned geo graphical space, such as a natio nal park o r nature reserve, that

is managed and pro tected  fo r the purpo ses o f co nservatio n

Natio nal parks  are go vernment-co ntro lled  areas within co untries where the wildlife and

enviro nment are pro tected

Nature reserves  are smaller regio ns than natio nal parks, and can be o n privately o r publicly

o wned land

Restrictio ns inside pro tected areas co uld include

Humans access  is strictly co ntro lled

Industrial activities such as agriculture and building are tightly regulated

Hunting is limited o r co mpletely pro hibited
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CC BY-SA 3.0 , via Wikimedia Commons

Kruger National park is the largest national park in South Africa

Rewilding

This is the resto ratio n o f  eco systems to  a po int at which they can sustain themselves; such

sustainable eco systems  are by their nature bio diverse habitats

Rewilding can be allo wed to  o ccur o n private o r publicly o wned land

Rewilding can be active o r passive

Active rewilding invo lves human interventio n, e.g. remo ving human features such as ro ads,

and reintro ducing lo cally extinct species

Passive means leaving an area alo ne to  allo w eco lo gical pro cesses to  gradually resto re

themselves, e.g. sto pping the management o f land to  allo w natural successio n to  o ccur

No te that passive rewilding will no t wo rk fo r the resto ratio n o f so me habitat types, e.g.

grassland habitats o ften require graz ing to  prevent the do minance o f tree species
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CC BY-SA 2.0 , via Wikimedia Commons

Longhorn cattle at the Knepp estate in the UK mimic the action of extinct ancient grazing species,

creating a diverse grassland habitat

Reclamation

Reclamatio n refers to  the reclaiming and resto ratio n o f  areas that have been damaged by

human activities, e.g. abando ned quarries o r areas where defo restatio n has taken place

Such pro jects aim to  resto re previo usly existing eco systems

Ex situ conservation

Z oos

Captive breeding pro grammes  in z o o s can increase the number o f individuals o f a species

This can be carried o ut by arti�cial inseminatio n, allo wing the �o w o f genes between

individuals that may be living in di�erent z o o s

This prevents pro blems that can arise fro m lo w genetic diversity

This can avo id di�culties with captive breeding

Captive breeding can lead to  the release o f individuals back into  the wild
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Zo o s are an invaluable reso urce fo r scienti�c research

Scientists are able to  clo sely study animal genetics, behavio urs and habitat requirements

Botanic gardens

Bo tanic gardens are the plant equivalent o f z o o s

They use cuttings and seeds co llected fro m the wild to  establish a po pulatio n o f  the

endangered species  in captivity

Metho ds o f tissue culturing and clo ning can also  be used to  o btain large numbers o f plants

fro m a small sample siz e

The captive po pulatio n can be used in the future fo r reintro ductio n into  habitats  where they

have beco me rare

Research is a majo r ro le o f bo tanic gardens

Scientists can investigate repro ductio n and gro wth in di�erent plant species so  that they

can be gro wn in captivity

Habitat requirements can be assessed so  that new habitats can be fo und if necessary

CC BY 2.0 , via Wikimedia Commons

Botanic gardens, such as this one in Rio de Janeiro, Brazil, can increase the populations of threatened

plant species and carry out scienti�c research and education
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Seed banks

A seed bank is a facility that co nserves plant diversity by drying and sto ring seeds in a

temperature-co ntro lled  enviro nment

Co o l, dry co nditio ns  generally increase the length o f time fo r which seeds remain viable

Seeds can o nly be sto red fo r so  lo ng; after a certain perio d o f time the sto red seeds are

gro wn into  plants and fresh seeds fo r sto rage are taken fro m tho se plants

If the plant species go es extinct then the seeds can be used to  gro w them again

Usually, seeds o f the same species are co llected fro m di�erent sites to  maintain genetic

diversity

The Svalbard Glo bal Seed Vault in No rway co ntains seeds fro m almo st 1 millio n plant species

It is lo cated in the Arctic Circle with ideal enviro nmental co nditio ns

Many o rganisatio ns send seeds fro m cro p plants to  be sto red there fo r safekeeping

CC BY-SA 4.0, via Wikimedia Commons

The Svalbard Global Seed Vault in Norway contains seeds from almost 1 million plant species
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T issue banks

Tissue banks, o r fro z en z o o s, sto re genetic material fro m animals at very lo w temperatures

It is tho ught that pro perly fro z en tissue samples can last inde�nitely

Ideally, samples are co llected fro m di�erent individuals o f the same species to  maintain genetic

diversity

Two  di�erent types o f tissue can be sto red in tissue banks

Germplasm

This includes repro ductive tissue, such as sperm cells, egg cells, and embryo s

This material can be used by z o o s in captive breeding pro grammes

In theo ry, IVF co uld be carried o ut with a suitable surro gate species to  bring back an

extinct species fro m this tissue

So matic tissue

This is no n-repro ductive tissue, o r bo dy cells

This type o f tissue co ntains the f ull geno me  o f the species, and can be used fo r DNA

research

It is tho ught that such tissue co uld be used fo r clo ning extinct species in the future

Conserving Biodiversity: Selecting Species

Prioritising species for conservation

There are so  many species that need pro tectio n that it can seem like an impo ssible task to

decide where to  allo cate the limited reso urces available

The Evo lutio narily Distinct and Glo bally Endangered (EDGE) pro gramme  wo rks to gether with

the Z o o lo gical So ciety o f  Lo ndo n (Z SL), to  carry o ut research and to  highlight the needs o f

certain species

Prio rity is decided o n the basis o f a species being

Evo lutio narily distinct

Species have f ew clo se evo lutio nary relatives

Species are unusual in appearance, behavio ur, and DNA

Species represent a part o f Earth's evo lutio nary tree that is no t represented anywhere

else

Glo bally endangered

The IUCN red list is used to  pro vide info rmatio n abo ut the threat level o f an evo lutio narily

distinct species

A species must be glo bally threatened, no t just threatened o n a lo cal level

A species must be bo th evo lutio narily distinct and glo bally endangered  to  be prio ritised by the

EDGE pro gramme

Examples o f prio rity EDGE species include

Largeto o th saw�sh

Chinese giant salamander

Purple fro g

The EDGE o f existence pro gramme highlights the needs o f EDGE species to  lo cal, go vernment,

and internatio nal co nservatio n o rganisatio ns to  ensure that such species are no t lo st befo re

their plight is even reco gnised
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CC BY-SA 4.0, via Wikimedia Commons

The Chinese giant salamander is both evolutionarily distinct and globally endangered, and is a focal

species for the EDGE programme

NOS: Issues such as which species should be prioritised for conservation
e�orts are complex and need to be debated

The co nsideratio ns o f the EDGE pro gramme are impo rtant, but there are co mplex ethical,

enviro nmental, po litical, so cial, cultural and eco no mic issues  when it co mes to  making

decisio ns abo ut prio rity species fo r co nservatio n, e.g.

So me species may no t be at a very high threat level glo bally, but they may be impo rtant fo r the

maintenance o f an eco system that suppo rts o ther, mo re threatened species

A species may be culturally impo rtant fo r a particular natio n

There may be po litical reaso ns why co nserving particular habitats is very di�cult, e.g. being

lo cated in a warz o ne

Fo r this reaso n, EDGE do  no t make decisio ns abo ut co nservatio n, but they can pass o n impo rtant

info rmatio n to  stakeho lders, allo wing a range o f peo ple to  be invo lved with the debate
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