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Populations in Ecosystems

Populations

A po pulatio n can be de�ned as:

A gro up o f  o rganisms o f  the same species living in an area at o ne time

Members o f a po pulatio n interact with each o ther and can breed to gether

A po pulatio n can be iso lated fro m o ther po pulatio ns o f the same species due to  living in a

di�erent area

This  iso latio n means that members o f  separate po pulatio ns canno t breed to gether and gene

exchange  canno t take place between them

CC BY 2.0, via Wikimedia Commons

Gannets are sea birds. Populations gather on sea cli�s to breed during nesting season.

Exam T ip

The speci�catio n uses the phrase 'repro ductive iso latio n' to  describe two  po pulatio ns o f the

same species that are separate fro m each o ther, i.e. iso lated, and that are no t interbreeding, i.e.

repro ducing. While this do es make sense in this co ntext, it is wo rth no ting that 'repro ductive

iso latio n' is mo re frequently used amo ng bio lo gists to  describe the po int in the speciatio n

pro cess at which two  po pulatio ns have diverged to  beco me two  di�erent species.
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Estimating Population Size

Random Sampling

Finding o ut abo ut the abundance and distributio n o f po pulatio ns can be achieved by co unting all

o f  the o rganisms present in a habitat

This is po ssible fo r areas that are very small o r where the species invo lved is very large

Fo r larger and mo re co mplex habitats it is no t po ssible to  �nd, identify, and co unt every o rganism

that is present

When this is the case, sampling can be used to  make an estimate fo r the to tal species numbers

Sampling invo lves measuring small samples  o f a po pulatio n that act to  represent the who le

po pulatio n

Sampling

Sampling is a metho d o f investigating the abundance and distributio n o f  po pulatio ns

There are two  di�erent types o f sampling

Rando m

Systematic

In rando m sampling the po sitio ns o f the sampling po ints are selected at rando m

This metho d avo ids  bias by the perso n that is carrying o ut the sampling

Bias can a�ect the results, e.g.

A student might cho o se to  carry o ut samples in a particular lo catio n because it lo o ks

interesting, and this might give the impressio n that the habitat co ntains mo re species

than it really do es

In systematic sampling the po sitio ns o f the sampling po ints are lo cated at �xed intervals

thro ugho ut the sampling site

This avo ids accidentally missing o ut sectio ns o f habitat due to  chance

Systematic sampling allo ws researchers to  investigate the e�ect o f  the presence o f

certain enviro nmental f eatures  o n species distributio n, e.g. by taking samples alo ng a line

that extends away fro m an enviro nmental feature such as a river

A line o f this type is kno wn as a transect

When a sampling area is reaso nably unif o rm then rando m sampling is the best cho ice

Rando m sample sites can be selected by

Laying o ut a grid  o ver the area to  be studied

Generating rando m number co -o rdinates

Placing sample sites in the grid squares that match the rando m number co -o rdinates

Random & syst emat ic sampling diagram
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Random sampling involves selecting sample sites at random while systematic sampling involves placing

sample sites at regular intervals

NOS: Students should be aware that random sampling, instead of measuring an
entire population, inevitably results in sampling error

A po pulatio n estimate that is based o n sampling makes the assumptio n that individuals are

distributed evenly acro ss the sample site, e.g.

Rando m sampling may happen to  miss an area o f a site in which no  individuals are present; this

will result in an o verestimate o f po pulatio n siz e

Rando m sampling may happen to  miss an area o f a site where many individuals are present;

this will result in an underestimate o f po pulatio n siz e

There are many facto rs that in�uence the distributio n o f a po pulatio n, so  an even distributio n is

very unlikely, and so  the chance o f sampling erro r o ccurring when calculating such an estimate is

very high

A sampling erro r is the di�erence between an estimated po pulatio n siz e and a true

po pulatio n siz e

This o ccurs when a sample is no t truly representative  o f a who le po pulatio n

Sampling erro r can be minimised by go o d investigatio n design, e.g. carrying o ut the right type o f

sampling and taking a large eno ugh sample siz e

When scientists write abo ut their �ndings they must include details o f any experimental metho ds

used; this allo ws their readers to  evaluate any erro r that may be present in the results

Page 3 of 38
For more help visit our website www.exampaperspractice.co.uk



Random Quadrat Sampling

Sampling using frame quadrats

A f rame quadrat is a square f rame that is placed within the area to  be studied to  pro vide

a sample

Quadrats are used to  study the distributio n o f sessile o rganisms

Quadrats can be di�erent siz es depending o n the species being studied

A 1 m² quadrat can be used to  study small o rganisms such as herbaceo us plants in a

grassland o r limpets o n a ro cky sho re

A 400 m² quadrat can be used to  study large o rganisms such as trees

Quadrats like this will usually be marked o ut with string rather than a frame!

Frame quadrats can be placed in a habitat rando mly, e.g. using rando m co -o rdinates, o r

systematically, e.g. alo ng a transect

Frame quadrat  diagram

A frame quadrat can be used to measure abundance and distribution

Scientists can reco rd di�erent types o f  data fro m a frame quadrat depending o n the aim o f a

study and the species invo lved

Presence o r absence o f a species
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Species f requency; ho w many individuals are in the quadrat

Species abundance; measured o n a scale called the ACFOR scale o n which species are

reco rded as being abundant, co mmo n, frequent, o ccasio nal, rare, o r no ne

Percentage co ver; the percentage o f the quadrat co vered by a species

Quadrats can be divided up into  smaller squares to  allo w percentage co ver to  be

assessed mo re easily

Analysing results

Quantitative investigatio ns o f variatio n can invo lve the interpretatio n o f mean values and their

standard deviatio ns

A mean value describes the average value  o f a data set

Standard deviatio n is a measure o f  the spread o r dispersio n o f  data aro und the mean

A small standard deviatio n indicates that the results  lie clo se to  the mean, so  there is

little variatio n

A large standard deviatio n indicates that the results are mo re spread o ut aro und the

mean, so  there is a lo t o f variatio n

In the quadrat study described here, a mean co uld be calculated fo r the number o f individuals o f

a species fo und in each quadrat, and then the standard deviatio n co uld be calculated to  �nd o ut

ho w spread o ut the data po ints are aro und the mean

This wo uld give an indicatio n o f ho w evenly distributed the po pulatio n is acro ss the habitat

Small vs large st andard deviat ion graph

A small standard deviation shows that data are closely grouped around the mean while a large standard

deviation shows that data are spread widely around the mean
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Estimating Population Size: Motile Organisms

Capture-mark-release-recapture

The sampling metho ds described abo ve are o nly useful fo r no n-mo tile  (sessile) o rganisms

Di�erent metho ds are required fo r estimating the number o f individuals in a po pulatio n o f mo tile

o rganisms

The mark-release-recapture  metho d can be used

The mark-release-recapture metho d is carried o ut as fo llo ws:

The �rst large sample is taken; as many individuals as po ssible are caught, co unted and

marked  in a way that wo n’t a�ect their survival

e.g. if studying a species o f beetle, a small amo unt o f brightly co lo ured no n-to xic paint

can be applied to  their wing cases

The marked individuals are returned to  their habitat and allo wed to  rando mly mix with the

rest o f the po pulatio n

When a su�cient time perio d has passed ano ther large sample is captured

The number o f marked and unmarked individuals within the sample are co unted

The pro po rtio n o f marked to  unmarked individuals is used to  calculate an estimate o f  the

po pulatio n siz e  using a statistical measure kno wn as the Linco ln index

Po pulatio n siz e = M × 
N
R

Where:

M = number o f marked  individuals in the �rst sample

N = to tal number o f individuals in the seco nd sample (marked and unmarked)

R = number o f marked individuals recaptured  in the seco nd sample
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Worked example

Scientists wanted to  investigate the abundance o f leafho ppers in a small grassy meado w.

They used nets to  catch a large sample o f leafho ppers. Each insect was marked o n its underside

with no n-to xic, waterpro o f paint and then released back into  the meado w.

The fo llo wing week ano ther large sample was caught using sweep nets.

Use the �gures belo w to  estimate the siz e o f the leafho pper po pulatio n in this meado w.

No . caught and marked in �rst sample  (M) = 236

No . caught in seco nd sample (N) = 244

No . o f marked individuals recaptured in the seco nd sample (R)  = 71

Answer:

Step One: Write o ut the Linco ln index equatio n and substitute in the kno wn values

N = M x 
N
R

N = 236 × 
244
71

Step T wo : Calculate the po pulatio n siz e estimate (N)

N = 236 x 3.44

N = 811.84

= 812 (to  the nearest who le o rganism)

The Linco ln index makes so me assumptio ns  abo ut the po pulatio n and the capture-mark-

release-recapture metho d:

The marked individuals disperse  and mix back in fully with the main po pulatio n

The marking do esn't a�ect the survival rates  o f the marked individuals, e.g. do esn't make

them mo re visible and therefo re mo re likely to  be predated

The marking remains visible  thro ugho ut the sampling and do esn't rub o �

The po pulatio n stays the same siz e  during the study perio d, i.e.

There are no  signi�cant changes in po pulatio n siz e due to  births and deaths

There are no  migratio ns into  o r o ut o f the main po pulatio n
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Limiting Population Size

Carrying Capacity

The maximum number o f  individuals o f  a species that an eco system can suppo rt is kno wn as

its carrying capacity

Carrying capacity is represented by the letter K

While every individual within a species po pulatio n has the theo retical po tential to  repro duce

and have o �spring that will co ntribute to  po pulatio n gro wth, in reality there are many facto rs that

prevent every individual in a po pulatio n fro m surviving and repro ducing

This means that the po pulatio n siz e  o f each species is limited, i.e. the eco system has a carrying

capacity fo r that species

The graph belo w sho ws the po pulatio n gro wth o f a po pulatio n o f lio ns

The po int at which the graph starts to  �atten o ut is the carrying capacity  o f this po pulatio n

At this po int the enviro nmental facto rs that sto p all individuals fro m surviving and repro ducing

mean that the po pulatio n can no  lo nger increase

Carrying capacit y graph

Carrying capacity is reached when the growth of a population starts to level o�

Factors a�ecting carrying capacity

Abio tic facto rs invo lve the no n-living parts o f an eco system, e.g.
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Light availability

A lack o f light will reduce the carrying capacity fo r a plant po pulatio n as it will limit

pho to synthesis

Temperature

Lo w o r high temperatures will in�uence carrying capacity as this will a�ect the rate at

which the reactio ns o f metabo lism can o ccur

So il mineral availability

Lo w mineral availability will reduce carrying capacity as it will a�ect the ability o f plant

po pulatio ns to  build bio lo gical mo lecules such as pro teins and chlo ro phyll

Bio tic facto rs invo lve the living parts o f an eco system, e.g.

Co mpetitio n f o r reso urces

A lack o f reso urces will limit the carrying capacity o f an eco system

Energy that an individual puts to wards co mpeting fo r reso urces will no t be available fo r

gro wth and repro ductio n, so  this will reduce carrying capacity

Predatio n

Energy that an individual puts to wards avo iding predato rs will no t be available fo r gro wth

and repro ductio n, so  this will reduce carrying capacity

Disease

Energy that an individual puts to wards �ghting o � disease will no t be available fo r gro wth

and repro ductio n, so  this will reduce carrying capacity
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Density Dependent Factors

Po pulatio n density can be de�ned as fo llo ws:

T he number o f  individuals present per unit  area o f  habitat

Facto rs that in�uence the siz e o f a po pulatio n can be density-dependent o r density-

independent

Density-dependent f acto rs  have a di�erent e�ect at di�erent po pulatio n densities, e.g.

Patho gens and pests will spread faster thro ugh a dense po pulatio n, and so  will have a

greater e�ect o n the po pulatio n siz e

Dense po pulatio ns will be in increased co mpetitio n fo r reso urces, so  co mpetitio n will

have an increased e�ect at high densities

Predato rs will be attracted to  dense po pulatio ns o f prey o rganisms, so  predatio n will

have an increased e�ect at high densities

Density-independent f acto rs have the same e�ect o n a po pulatio n at any po pulatio n

density, e.g.

A natural disaster, such as a �o o d, is equally likely to  a�ect po pulatio ns o f di�erent

densities

Density-dependent facto rs tend to  act to  keep a po pulatio n at o r belo w its carrying capacity;

this is a negative f eedback e�ect

A negative feedback system acts to  keep co nditio ns within narro w limits; if co nditio ns stray

to o  far fro m an ideal value then negative feedback causes a return to  that value, e.g.

If a po pulatio n increases abo ve its carrying capacity then density-dependent facto rs, such

as spread o f disease, o r co mpetitio n fo r fo o d, cause a reductio n in survival and

repro ductio n, resulting in a decrease in the po pulatio n siz e

If a po pulatio n dro ps belo w its carrying capacity then the same density-dependent facto rs

will lead to  increased survival and repro ductio n, and there will be an increase in po pulatio n

siz e

When po pulatio n siz e is co ntro lled by negative feedback it will �uctuate aro und its carrying

capacity

Densit y-dependent  f act ors & populat ion siz e graph
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Density-dependent factors tend to act to keep a population at or below its carrying capacity; this is a

negative feedback e�ect

A po pulatio n that is co ntro lled by po sitive f eedback will respo nd to  a change in po pulatio n siz e

by co ntinuing to  change in the same directio n, e.g.

An increase in po pulatio n siz e means that mo re individuals are present, leading to  increased

repro ductio n, and a further increase in po pulatio n siz e; this can co ntinue until a density-

dependent facto r, such as co mpetitio n fo r reso urces, starts to  limit po pulatio n gro wth

Limiting Population Size: Examples

Predator-Prey Relationships

Co nsumers that kill and eat o ther animals are kno wn as predato rs, and the animals that are eaten

are kno wn as prey

In a stable co mmunity the predato r and prey po pulatio n siz es rise and fall in a predato r-prey

cycle  that limits the po pulatio n siz es o f  bo th predato rs and prey

The graph belo w demo nstrates so me o f the key patterns in predato r-prey cycles:

The number o f predato rs increases when there is mo re prey available

The number o f prey decreases in respo nse to  an increase in the number o f predato rs

The number o f predato rs decreases in respo nse to  a decrease in the number o f prey

The number o f prey increases in respo nse to  a decrease in the number o f predato rs

The cycle repeats

The relatio nship between the Canada lynx and the sno wsho e hare  is a famo us example o f the

predato r-prey interactio n

It is wo rth no ting that relatio nships o f this kind, with a single predato r species and a single

prey species, are unlikely to  exist in this simple f o rm in nature; there will be o ther predato r

and prey species, as well as additio nal f acto rs that will a�ect the siz es o f  the respective

po pulatio ns
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Control of Populations in Communities

Top-down & bottom-up population control

Po pulatio ns in a co mmunity can be co ntro lled by either to p-do wn o r bo tto m-up co ntro l

facto rs

A po pulatio n that is limited by predato rs, e.g. the sno wsho e hare in the example abo ve, is

co ntro lled by a to p-do wn co ntro l

Plant po pulatio ns being limited by herbivo ry is ano ther example o f to p-do wn co ntro l

A po pulatio n that is limited by the availability o f  reso urces, e.g. the lynx in the example abo ve, is

co ntro lled by a bo tto m-up co ntro l

Plant po pulatio ns being limited by light intensity is also  a bo tto m-up co ntro l

E.g. in the fo o d web sho wn belo w, a change in the fo x po pulatio n co uld lead to  a to p-do wn

cascade  o f e�ects as fo llo ws:

A decrease in the fo x po pulatio n co uld lead to  an increase in the rabbit po pulatio n, which

co uld lead to  a decrease in the gro wth o f grass

No te that the grass → rabbit → fo x fo o d web do es no t exist in iso latio n, so  this to p-do wn

e�ect will in�uence o ther parts o f the fo o d web as well

Food web diagram

The e�ects of a top-down control factor on a food web can be complex, as every food chain is

connected to several others
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While it is po ssible fo r bo th to p-do wn and bo tto m-up co ntro l facto rs to  act o n an eco system at

the same time, the reality is that any o ne part o f an eco system is likely to  have o ne co ntro l type

that is do minant at any given time, e.g.

A co astal seagrass eco system is likely to  be mainly co ntro lled by bo tto m-up nutrient

availability

Over�shing by humans may reduce the number o f marine predato rs, tempo rarily leading to  a

switch to  to p-do wn co ntro l do minance

No te that to p-do wn co ntro l may shape an eco system due to  bo th lethal and no n-lethal e�ects

Predato rs kill prey, in�uencing their numbers, and so  their e�ect o n the rest o f the

eco system

The presence o f predato rs may a�ect the behavio ur o f  prey o rganisms, a�ecting their

cho ice o f diet and where they cho o se to  spend time; this can also  alter the structure o f an

eco system
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Allelopathy & Antibiotic Secretion

Species co mpete with each o ther fo r reso urces; this is interspeci�c co mpetitio n

So me species have strategies  which increase their ability to  o utco mpete  o ther species

Such strategies can wo rk by either increasing the survival chances o f a species, o r by decreasing

the survival chances o f  a co mpeting species, e.g.

Camo u�age increases a species' survival chances

Secretio n o f  harmf ul chemicals  into  the enviro nment decreases the survival chances o f a

co mpetito r

Such harmful chemicals are kno wn as seco ndary metabo lites, as o ppo sed to  primary

metabo lites which are mo lecules that are essential fo r survival

Allelo pathy is an example o f a strategy that invo lves damaging the survival o f a co mpeting species

Antibio tic secretio n in so me bacteria is a well-kno wn example o f allelo pathy

Allelopathy

Organisms that carry o ut allelo pathy secrete seco ndary metabo lites that harm o ther

o rganisms  into  their surro undings, e.g. in plants: 

Secreting harmful chemicals via ro o ts into  the so il

Releasing harmful gases via the sto mata into  the air

Sto ring harmful chemicals in the leaves which are released when the leaves fall and break

do wn

Examples o f plant species that carry o ut allelo pathy include:

Garlic mustard  pro duces a chemical called sinigrin which reduces seed germinatio n and

ro o t gro wth in o ther plant species

Bracken f erns  are tho ught to  release to xins into  the surro unding so il, as well as co ntaining

to xic chemicals in their fro nds which are released when they decay

Himalayan balsam is tho ught to  secrete allelo chemicals into  the surro unding so il that limit

the gro wth o f o ther plants
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Himalayan balsam shows allelopathy, a strategy that is thought to contribute to its success; it is a known

invasive species in the UK, where it is often found along waterways

Antibiotic secretion

The secretio n o f  antibio tics  is a f o rm o f  allelo pathy  fo und in so me micro o rganisms, e.g. the

antibio tic penicillin was disco vered in Penicillium fungus

Antibio tics are also  secreted by so me bacteria species

Antibio tics kill bacteria by, e.g. preventing cell wall fo rmatio n o r inhibiting pro tein synthesis; this

reduces interspeci�c co mpetitio n, and so  increases survival and repro ductio n in the species

that pro duces the antibio tic
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Population Growth Curves: Skills

Population Growth Curves

Po pulatio ns o f living o rganisms tend to  fo llo w a set gro wth pattern o ver time; this gro wth pattern

gives rise to  a po pulatio n gro wth curve  that can be plo tted o n a graph

Po pulatio n gro wth curves can generally be seen in any newly established o r reco vering

po pulatio n, e.g.

Antarctic f ur seals  were hunted extensively during the 1800s, and underwent a po pulatio n

reco very fo llo wing the end o f this practice

The reco very o f the seal po pulatio n in so me lo catio ns fo llo ws a classic gro wth curve, e.g. in

the graph belo w fo r seals o n Cape Shirre�, Antarctica

Pup co unt is used to  represent the siz e o f the seal po pulatio n

No te that this reco very has no t co ntinued thro ugho ut the early 21st century, with climate

change having since caused severe declines in many seal po pulatio ns

Ant arct ic f ur seal growt h curve graph

The Antarctic fur seal population in Cape Shirre�, Antarctica, followed a classic growth curve between

1960 and the early 2000s
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The po pulatio n gro wth curve sho wn abo ve is an example o f a sigmo id, o r s-shaped, gro wth curve

Such curves co ntain three phases:

Expo nential phase

Also  kno wn as the lo garithmic phase

Here there are no  facto rs that limit po pulatio n gro wth, so  the po pulatio n increases

expo nentially

The number o f individuals increases, and so  do es the rate o f gro wth

Transitio n phase

Limiting f acto rs  start to  act o n the po pulatio n, e.g. co mpetitio n increases and predato rs

are attracted to  large prey po pulatio ns

The rate o f gro wth slo ws, tho ugh the po pulatio n is still increasing

Plateau phase

Also  kno wn as the statio nary phase

Limiting facto rs cause the death rate to  equal the birth rate and po pulatio n gro wth sto ps

This plateau o ccurs at the carrying capacity

The po pulatio n siz e o ften �uctuates slightly aro und the carrying capacity

Populat ion growt h curve graph

Sigmoidal population growth curves show an exponential growth phase, a transitional phase and a

plateau phase
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NOS: T he curve represents an idealised graphical model

Scientists use mo dels  to  represent real wo rld ideas, o rganisms, pro cesses and systems that

canno t be easily investigated

Mo dels are useful fo r the purpo ses o f experimentatio n and testing predictio ns, but they are no t

perf ect representatio ns  o f bio lo gical systems

Here, the po pulatio n gro wth mo del is useful fo r co nceptualising the di�erent stages in the

gro wth o f a po pulatio n, but scientists must always be aware that real eco systems are co mplex

and that there are many f acto rs  at play in determining po pulatio n siz e

There are f ew real-wo rld situatio ns  where po pulatio ns fo llo w perfect sigmo id gro wth curves,

and the seal po pulatio n example given abo ve so o n sho wed po pulatio n decline rather than

remaining at a plataeu

Exponential Population Growth

Testing for exponential growth with a logarithmic scale

Po pulatio n gro wth is expo nential when the speed o f  gro wth is pro po rtio nal to  the number o f

individuals, i.e. a po pulatio n o f 20 individuals will repro duce at twice the rate o f a po pulatio n o f 10

individuals

It is po ssible to  assess whether o r no t expo nential gro wth is o ccurring by plo tting po pulatio n siz e

(y) against time (x) o n a graph with a lo garithmic scale o n the y axis  and a no n-lo garithmic scale

o n the x axis

Lo garithmic scales can be very useful when investigating facto rs that vary o ver several

o rders o f  magnitude, e.g. po pulatio n siz e

'Orders o f magnitude' refers to  whether values are measured in, e.g. tens, hundreds,

tho usands etc.; using a lo g scale allo ws tens and millio ns to  be represented o n the same

easily visible scale

The numbers in a lo garithmic scale represents lo garithms, o r po wers, o f a base number

If using a lo g  scale, in which the base number is 10, the numbers o n the y-axis represent a

po wer o f 10, e.g. 1=10  (10), 2=10  (100), 3=10  (1000) etc.

Lo garithmic scales allo w fo r a wide range o f values to  be displayed o n a single graph

An expo nentially gro wing po pulatio n plo tted with a lo g scale o n the y axis will appear as a straight

line:

Exponent ial populat ion growt h on a logarit hmic scale graph

10

1 2 3
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An exponentially growing population plotted with a log scale on the y axis will appear as a straight line

Modelling the Sigmoid Growth Curve

Organisms that gro w and repro duce under labo rato ry co nditio ns can be used to  mo del the

sigmo id po pulatio n gro wth curve

Suitable o rganisms include:

Yeast

Duckweed

Modelling population growth curves using yeast

The po pulatio n gro wth rate o f micro o rganisms, such as bacteria o r yeast, can be investigated by

gro wing the micro o rganisms in a bro th culture

The turbidity  o f the suspensio n can then be used as a way o f estimating the number o f cells, i.e.

the po pulatio n siz e, o f the micro o rganisms in the bro th culture

Turbidity is a measure o f the clo udiness o f  a suspensio n, i.e. ho w much light can pass

thro ugh it

As the micro o rganisms in the bro th culture repro duce and their po pulatio n gro ws, the suspensio n

beco mes pro gressively mo re turbid

This changing turbidity can be mo nito red by measuring ho w much light can pass thro ugh the

suspensio n at �xed time intervals  after the initial ino culatio n o f the nutrient bro th with the

micro o rganisms

A turbidity meter o r a co lo rimeter, co nnected to  a datalo gger, can be used to  take these

measurements

The results can then be used to  plo t a po pulatio n gro wth curve  to  sho w ho w the po pulatio n o f

micro o rganism changes o ver time

Yeast  populat ion growt h on a logarit hmic scale graph
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Turbidity measurements can be used to gain a measure of yeast population size over time; the resulting

data can be plotted using a log scale to show exponential population growth

Modelling population growth curves using duckweed

Duckweed is a type o f po nd weed that gro ws o n the surface o f still bo dies o f fresh water

It is ideal fo r mo delling po pulatio n gro wth because it repro duces quickly and asexually, and

newly pro duced fro nds, also  kno wn as thalli (singular thallus), remain attached to  the parent

fro nds in clusters, allo wing fo r easy co unting

Po pulatio n gro wth can be mo delled using duckweed as fo llo ws:

�. Place a small number o f duckweed fro nds into  a petri dish that co ntains distilled water mixed

with liquid fertiliser

�. Place the petri dishes in a brightly lit lo catio n, but o ut o f direct sunlight

�. Reco rd the number o f duckweed fro nds present after 1 week

�. Repeat the co unting pro cess o nce a week fo r a to tal o f six weeks, to pping up the dish with

distilled water as needed

�. Plo t the results o n a graph to  sho w a po pulatio n gro wth curve
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CC BY-SA 3.0, via Wikimedia Commons

Duckweed grows on the surface of fresh water, and its easily distinguishable thalli can be easily counted

in a laboratory setting
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Populations: Intraspeci�c Relationships

Competition & Cooperation

Intraspeci�c relationships

Intraspeci�c  relatio nships invo lve interactio ns between individuals o f  the same species

'Intra' = within

Intraspeci�c relatio nships can invo lve

Co o peratio n

Bo th members o f the relatio nship bene�t fro m the interactio n

Co mpetitio n

One member o f a relatio nship o utco mpetes the o ther and is mo re successful

Intraspeci�c cooperation

In this type o f relatio nship, members o f  a species wo rk to gether to  aid survival o f a gro up, e.g.

Orcas  sho w co o perative hunting behavio ur, wo rking to gether to  catch speci�c types o f prey

and then sharing the fo o d that they catch

Meerkats  divide the ro les in their gro ups between multiple individuals, so  so me will watch fo r

predato rs while o thers watch yo ung o r hunt fo r fo o d

Many species o f ants  wo rk to gether in large gro ups to  build nests and pro vide fo o d fo r

develo ping yo ung

CC BY 4.0, via Wikimedia Commons

Orca can cooperate with each other during hunting to create a wave that can wash seals into the water.

This particular seal eventually escaped on this occasion, but working together increases the chances of

hunting success for the orca.
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Intraspeci�c competition

Individuals o f the same species have the same needs, and so  they are frequently in co mpetitio n

with each o ther f o r the same reso urces, e.g.

Plants will co mpete with members o f the same species fo r:

Light

Minerals

Water

Space

Animals will co mpete with members o f the same species fo r:

Fo o d

Mates

Territo ry (which will increase access to  fo o d and mates)

Examples o f intraspeci�c co mpetitio n include

Male red deer �ght with each o ther fo r access to  females, and the do minant male will mate

with all o f the females in the gro up

Ro bins  are aggressive to wards o ther ro bins in o rder to  defend their territo ry; they are so

�ercely territo rial against o ther ro bins that they will even attack bunches o f red feathers

Oak trees  gro wing clo se to  each o ther in a wo o dland will be co mpeting fo r light, water, and

minerals

No te that no t all examples o f intraspeci�c co mpetitio n invo lve visible co n�ict; individuals with

o verlapping territo ries will be co nsuming the same reso urces, so  the f o o d that is eaten by o ne

individual will no  lo nger be available f o r ano ther; these individuals are in co mpetitio n with each

o ther

Public domain, via pxhere

Red deer males bellow to show their dominance as part of their competition for females
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Community: Interspeci�c Relationships

Community in an Ecosystem

Species do  no t exist by themselves in their o wn iso lated enviro nment; they interact  with o ther

species, fo rming co mmunities

A co mmunity can be de�ned as:

Multiple po pulatio ns o f  di�erent species living and interacting in the same area

Fo r example, a garden po nd co mmunity  is made up o f po pulatio ns o f �sh, fro gs, newts,

po nd snails, damsel�ies and drago n�ies and their larvae, po ndweed, water lilies, and all o ther

po pulatio ns living in the po nd

Co mmunities include po pulatio ns fro m all gro ups o f living o rganisms, e.g. plants, animals, fungi,

and bacteria

Living co mmunities interact with their abio tic enviro nment to  fo rm an eco system

Levels of  organisat ion wit hin ecosyst ems diagram

A community is all of the populations of living organisms interacting in an area. Communities interact with

their non-living environment to form an ecosystem.
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Interspeci�c Relationships within Communities

Interspeci�c relatio nships  are the interactio ns between di�erent species  that o ccur within a

co mmunity

'Inter' = between

There are several types o f interactio n that can o ccur between di�erent species:

Types of  int eract ions bet ween species t able

T ype o f  interactio n Descriptio n Example

Herbivo ry An o rganism feeding o n a plant

Cattle graz e o n grass

Sea turtles feed o n sea grass

Ho neybees co nsume nectar and

po llen

Predatio n

An o rganism catching and

co nsuming an animal, o r

co nsuming a recently dead

animal

Do lphins catch and eat �sh

Lio ns hunt and eat z ebra

Red kites eating ro adkill

Interspeci�c

co mpetitio n

Organisms o f di�erent species

co mpete fo r the same

reso urces

Oak and beech trees co mpete fo r

light and minerals

Lio ns and hyenas co mpete fo r prey

Red and grey squirrels co mpete fo r

fo o d and territo ry

Mutualism

Organisms o f di�erent species

wo rk to gether fo r the bene�t o f

bo th

Pisto l shrimp share their burro ws with

go by �sh, which pro vide a warning

when predato rs are near

Oxpecker birds remo ve parasites

fro m large mammals, pro viding the

birds with fo o d

Parasitism

A parasite o rganism lives in o r o n

a ho st o rganism, causing its ho st

harm

Mistleto e plants gro w in the branches

o f trees, taking water and nutrients

fro m their ho sts

Fleas live o n the bo dies o f mammals,

feeding o n their blo o d

Patho genicity An infectio us micro o rganism

(patho gen) lives inside a ho st

o rganism, causing disease

Mycobacterium tuberculosis bacteria

cause the disease tuberculo sis in

human ho sts

Dutch elm disease is caused by a

fungal patho gen that causes elm

trees to  lo se their leaves and die
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Mutualism

Mutualism o ccurs between members o f  di�erent species, and is an example o f co o peratio n;

bo th members o f  a mutualistic relatio nship bene�t  fro m the interactio n

Examples o f mutualism include

Bacteria living in the ro o t no dules o f plants

Myco rrhiz al relatio nships between fungi and plants

Co ral po lyps and algae

Root nodules in Fabaceae

The Fabaceae, o r legume, family o f plants includes species o f peas, beans, and clo ver

Many legumes have a symbio tic relatio nship with bacteria, which live in no dules attached to  the

plant ro o ts

No dules are small, sphere-like structures

The bacteria co nvert nitro gen gas in the air into  ammo nia (NH ) which can then be co nverted

again into  nitrates

The co nversio n o f nitro gen gas into  a fo rm that is useful to  plants is kno wn as nitro gen

�xatio n

Rhizobium is an example o f a genus that lives in ro o t no dules and �xes nitro gen

Nitrates can be used by plants to  build essential bio lo gical mo lecules  such as pro teins  and

nucleic acids

The bacteria also  bene�t f ro m this relatio nship, as they gain carbo hydrates that are pro duced

by the plant in pho to synthesis

Mycorrhiz ae in Orchidaceae

Many plants have evo lved symbio tic relatio nships with f ungi

The fungi fo rm lo ng, thin �laments kno wn as hyphae, which interact with the ro o ts o f the plants

These hyphae greatly increase the surf ace area o f the ro o t systems o f the plants, increasing the

amo unt o f water and mineral io ns  that can be abso rbed by the plant ro o ts

In return the fungi receive o rganic co mpo unds, e.g. gluco se, fro m the plant

These relatio nships between plant ro o ts and fungi are kno wn as myco rrhiz ae (singular

myco rrhiz a)

Mycorrhiz ae diagram

3
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Mycorrhizae are interactions between fungal hyphae and the roots of plants

The o rchidaceae, o r o rchid f amily, are kno wn to  fo rm many myco rrhiz al relatio nships, e.g.

Orchid seeds may gain the nutrients needed fo r germinatio n fro m myco rrhiz ae

So me unusual o rchids are unable to  pho to synthesis, relying o n their myco rrhiz al fungi to

break do wn dead matter in the so il and pro vide them with all o f their nutrients

The o rchid in this relatio nship is a hetero tro ph and no t an auto tro ph

The o rchid do es no t bene�t fro m this relatio nship until the o rchid dies, at which po int it

can access the bio lo gical mo lecules in the o rchid's tissues by deco mpo sitio n

Z ooxanthellae in hard corals

The co ral reefs asso ciated with the hard co rals are pro duced by tiny animals kno wn as co ral

po lyps, which live in a symbio tic relatio nship  with z o o xanthellae algae

Po lyps are in the phylum cnidaria, alo ng with jelly�sh and sea anemo nes

Their so ft bo dies have tentacles  which co ntain stinging cells called nemato cysts, and which

also  co ntain the z o o xanthellae cells

The po lyps secrete calcium carbo nate which fo rms the hard structure o f the co ral skeleto n

The po lyp's bo dy pro vides shelter and pro tectio n fo r the algae

The algae carry o ut pho to synthesis  and pro duce carbo n co mpo unds, such as carbo hydrates,

which can be used by the po lyp

Coral polyp diagram
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The tentacles of coral polyps contain algae cells with which they have a mutualistic relationship

Exam T ip

No te that Latin names, e.g. Fabaceae, are no t essential when answering exam questio ns; yo u will

be credited fo r either Latin o r co mmo n names o f o rganisms.
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Resource Competition: Endemic & Invasive Species

A species that has mo ved into  an eco system where it  was previo usly unkno wn is an invasive

species

Invasive species are so metimes referred to  as alien species

An invasive species can o ccur naturally as a result o f a species migrating o r expanding their

habitat, but mo st reco rded incidents o f invasive species have been caused by humans, e.g.

humans have:

Kno wingly co llected and traded species between co untries

E.g. bringing attractive plant species into  gardens, o r animals into  z o o s o r as pets, which

then escape into  the wild

Unkno wingly pro vided transpo rt fo r invasive species to  a new eco system, e.g. rats o n bo ard

ships

Intro duced alien species deliberately as bio lo gical co ntro l fo r pests

In a new eco system invasive species will have little o r no ne o f  the natural po pulatio n co ntro ls

that existed in their previo us eco system:

They will have no  natural predato rs o r co mpetito rs

As a result they are able to  increase in number at a rapid rate

This can a�ect the pro cesses within an eco system

Co mpetitio n may o ccur between invasive species and native species that o ccupy a similar

niche, with the native species getting displaced o r pushed to  extinctio n

Many invasive species can be successful predato rs, causing a massive decline in their prey

species

Invasive species can intro duce new diseases, to  which the native species have no  natural

immunity

Red and grey squirrel populat ion diagram
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Grey squirrels were introduced into the UK from North America in the 1800s. They have been highly

successful and have largely outcompeted the native UK red squirrels in interspeci�c competition. Note

that red squirrel populations in the UK are not at zero, and are currently recovering in some locations.

Invasive species & endemic species

Endemic species  are fo und in a particular place and in no  o ther lo catio n in the wo rld, e.g. the

Sco ttish cro ssbill is fo und in the co nifer fo rests o f Sco tland and no where else, so  is said to  be

endemic to  Sco tland

Endemic species are especially vulnerable to  the e�ects o f  invasive species, as lo cal

extinctio n will mean that the species has go ne entirely extinct

E.g. Australia is ho me to  many endemic species that have evo lved o ver many years o f  iso latio n

fro m o ther co ntinents

The intro ductio n o f invasive predato rs, such as the Euro pean red fo x and the do mestic cat,

has caused huge declines in native Australian species

The red fo x was intro duced in the 1800s by Euro pean settlers fo r the purpo ses o f fo x

hunting

Cats are likely to  have travelled o n ships and been intro duced by accident

Evidence suggests that mo re than 10 % o f  Australia's endemic mammal species have

already go ne extinct since the arrival o f Euro pean settlers

Small mammals are at the highest risk due to  being the best fo o d so urce fo r the invasive

predato rs

So me species no w o nly survive o n the islands aro und mainland Australia where fo xes and

cats have no t yet arrived
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Interspeci�c Competition

Tests for Interspeci�c Competition

If two  species o ccupy very similar niches, then co mpetitio n can exist between them fo r

reso urces; this is interspeci�c co mpetitio n

One species may be slightly better adapted to  co mpete than the o ther, so  the seco nd species

may be o utco mpeted

The result o f the interspeci�c co mpetitio n co uld be that the seco nd species is fo rced to  alter

its distributio n within a habitat so  that it no  lo nger directly co mpetes  with the �rst species 

If this is no t po ssible then the seco nd species co uld beco me lo cally extinct

The seco nd species has been fo rced o ut o f its niche into  an alternative niche due to

co mpetitio n; this is kno wn as co mpetitive exclusio n

The ideal niche is kno wn as the fundamental niche while the new niche is kno wn as the

realised niche

Testing for interspeci�c competition

This co mpetitive exclusio n e�ect can be used to  test f o r the presence o f  interspeci�c

co mpetitio n

If the remo val o f a co mpetito r species results in a change in species distributio n then

interspeci�c co mpetitio n is likely to  have been taking place, but if the remo val o f a

co mpetito r has no  e�ect then distributio n is likely to  be the result o f ano ther facto r

No te that this e�ect do es no t prove the presence o f  interspeci�c co mpetitio n, but

do es indicate that it could be o ccurring

There are di�erent ways o f carrying o ut such a test fo r the presence o f interspeci�c co mpetitio n,

e.g.

In the lab

E.g. by culturing bacteria species o n their o wn o r to gether and measuring ho w this a�ects

po pulatio n siz e o r co lo ny distributio n

In the �eld  with rando m sampling and then with manipulatio n, e.g.

By �rst carrying o ut rando m quadrat samples and reco rding the presence/absence o f

o ne o r bo th species at di�erent lo catio ns aro und a habitat

By then remo ving o ne species fro m a small area and measuring the e�ect that this has o n

distributio n o f the seco nd species

NOS: Students should recogniz e that hypotheses can be tested by both
experiments and observations and should understand the di�erence between
them

A hypo thesis (plural hypo theses) is a pro po sed explanatio n fo r an o bservatio n, that can be

tested by scienti�c investigatio n
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There are di�erent ways o f carrying o ut such tests, e.g. as described abo ve, hypo theses can be

tested either

In a labo rato ry

In the �eld

Labo rato ry investigatio ns are carried o ut under co ntro lled co nditio ns  and o n a small scale, e.g.

gro wing bacteria in a lab, o r plants in a greenho use

Labo rato ry tests allo w a high level o f  co ntro l, so  o nly the independent variable is changed

while o ther variables are carefully co ntro lled

Labo rato ry experiments are designed to  represent real life, but the results can never be

directly applied to  a real lif e situatio n

Organisms may no t always behave in the same way in a lab as they do  in their natural

enviro nment

Field tests are carried o ut in a real-lif e setting, and can be carried o ut o n a large scale  e.g.

o bserving the gro wth o f plants in an area o f fo rest, o r the distributio n o f species o n a ro cky sho re

It is  no t po ssible to  co ntro l f acto rs  beyo nd the independent variable, so  �eld experiments

may no t pro vide a perfectly valid set o f results, and are very hard to  replicate  exactly

Field experiments may pro vide a mo re realistic representatio n o f the real wo rld

Chi-Squared Test: Skills

Chi-squared Test

Looking for associations between species

The distributio n o f species in a habitat is rarely rando m; it usually depends o n facto rs such as so il

type, water availability, and co mpetitio n

It is so metimes po ssible to  o bserve an asso ciatio n between the distributio ns o f di�erent

species within a habitat, e.g.

Species that are in a symbio tic relatio nship are likely to  be f o und next to  each o ther; we

wo uld say that there is a po sitive asso ciatio n between the distributio ns o f  these two

species

Species that are in direct co mpetitio n fo r the same reso urces will exclude each o ther fro m

their immediate surro undings, and so  are likely to  be f o und in di�erent parts o f  a habitat;

there might be a negative asso ciatio n between the distributio ns o f  these two  species

If species have no  interactio n with each o ther, then there will be no  asso ciatio n between their

distributio ns, and any that appears to  o ccur will be due to  chance

We wo uld say that such species have distributio ns that are independent  o f each o ther

Rando m sampling with quadrats, alo ng with a statistical test called the chi-squared test , can be

used to  test fo r an asso ciatio n between two  species

Using a quadrat  diagram
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Random sampling with quadrats can be used to study the distribution of organisms

T he chi-squared test

A statistical test called the chi-squared test  determines whether o r no t there is a signi�cant

di�erence  between the o bserved and expected results  in an experiment

Its purpo se is to  assess whether any di�erence  in these results is due to  chance, o r due to

an asso ciatio n between the variables being tested

A chi-squared test can be used to  analyse data fro m quadrat sampling to  determine whether o r

no t there is a statistically signi�cant asso ciatio n between the distributio ns o f two  species

To  the eye there may appear to  be an asso ciatio n between the two  species, but if it is no t

statistically signi�cant  then researchers can co nclude that species distributio ns are

independent o f each o ther, and any appearance o f asso ciatio n is due to  chance

If an asso ciatio n is statistically signi�cant  then it must be due to  an impo rtant f acto r, such

as a symbio tic relatio nship

A chi-squared test enables scientists to  test hypo theses

A hypo thesis  is a testable statement  abo ut the expected o utco me o f an experiment

There are two  types o f hypo thesis:

A null hypo thesis  states that there is no  signi�cant di�erence, o r asso ciatio n, between

data sets e.g. that there is no  asso ciatio n between the distributio ns o f two  species
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An alternative hypo thesis  states that there is a signi�cant di�erence, o r asso ciatio n,

between data sets e.g. that there is an asso ciatio n (either po sitive o r negative) between

the distributio ns o f two  species

The result o f a chi-squared test enables scientists to  either accept  o r reject  a null hypo thesis

Using the chi-squared test to test for association

Step 1: Co nstruct a co ntingency table  fo r yo ur results

This allo ws the number o f quadrats that co ntain o ne, bo th, o r neither species to  be reco rded

Step 2: Calculate the ro w, co lumn, and o verall to tals fo r yo ur co ntingency table

Step 3: Calculate the expected  values (E) fo r yo ur table

The results reco rded in the co ntingency table are the o bserved values  (O); to  calculate the

chi-squared value we need to  calculate the expected values  fo r each data po int.

The expected values are what we wo uld expect to  see if  the null hypo thesis were co rrect

No te that this is the �rst step to wards calculating the chi-squared value, the equatio n fo r

which is:

Σ = sum o f           O = o bserved value          E = expected value

Step 4: Calculate the di�erence  between the o bserved and expected values

Subtract the expected values fro m the o bserved values (O - E); so me o f the resulting values

will be negative

Step 5: Square each di�erence

This eliminates negative values

Step 6: Divide each squared di�erence by the expected value

Step 7: Add all o f the results fro m step 6 to gether

This gives the chi-squared value

Step 8: Calculate the degrees o f  f reedo m

Step 9: Establish a pro bability  level o r p-value

As bio lo gists, we wo rk with a pro bability level o f 0.05, o r 5 %

This means that we can be 95 %  certain that any signi�cant di�erence o r asso ciatio n is no t

due to  chance

So me studies require a higher level o f certainty than this, e.g. medical researchers may use a

smaller p-value

Step 10: Use a critical values table  and the results o f steps 8−9 to  �nd the critical value

In o rder to  understand what the chi-squared value says abo ut the data, a table relating chi-

squared values to  pro bability is needed; this critical values table  displays the pro babilities

that the di�erences between expected and o bserved values are due to  chance

Step 11: Co mpare the chi-squared value with the critical value to  assess the signi�cance
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Worked example

A researcher decided to  test fo r an asso ciatio n between the distributio n o f two  types o f

mo llusc o n a ro cky sho re; limpets and do g whelks.

Their null hypo thesis  was that there was no association between the distributions of limpets and

dog whelks.

They carried o ut 50 rando mly placed quadrat samples o n the ro cky sho re, reco rding either the

presence o r the absence o f bo th limpets and do g whelks in each quadrat. They o btained the

fo llo wing results:

Quadrats co ntaining limpets o nly: 14

Quadrats co ntaining do g whelks o nly: 21

Quadrats co ntaining bo th limpets and do g whelks: 7

Quadrats co ntaining neither limpets no r do g whelks: 8

Use the chi-squared test to  determine whether o r no t there is a statistically signi�cant

asso ciatio n between the distributio ns o f limpets and do g whelks.

Answer:

Step 1: Co nstruct a co ntingency table

Co ntingency table

Limpets present Limpets absent

Do g whelks present 7 21

Do g whelks absent 14 8

Step 2: Calculate the ro w, co lumn, and o verall to tals f o r yo ur co ntingency table

Limpets present Limpets absent Ro w To tal

Do g whelks present 7 21 28

Do g whelks absent 14 8 22

Co lumn To tal 21 29 50
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Step 3: Calculate the expected values

The equatio n fo r wo rking o ut the expected values is:

row total x column total
overall total

E.g. to  calculate the expected value fo r the catego ry in which bo th do g whelks and limpets are

present:

28 x 21
50

 = 11.76

Step 4 : Calculate the di�erence between the o bserved and expected values

O = 7

E = 11.76

7 - 11.76 = -4.76

Step 5: Square each di�erence

-4.76² = 22.66

Step 6: Divide each squared di�erence by the expected value

22.66 ÷ 11.76 = 1.93

Repeat steps 3−6 fo r all o f the results in the co ntingency table:

O E O-E (O-E) (O-E) /E

Limpets o nly 14 9.24 4.76 22.66 2.45

Do g whelks o nly 21 16.24 4.76 22.66 1.4

Bo th do g whelks

and limpets
7 11.76 -4.76 22.66 1.93

Neither do g

whelks no r

8 12.76 -4.76 22.66 1.78

2 2
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limpets

Step 7 : Add all o f  the results f ro m step 6 to gether to  o btain the chi-squared value

2.45 + 1.4 + 1.93 + 1.78 = 7.56  (this is the chi-squared value)

Step 8: Calculate the degrees o f  f reedo m

Degrees o f freedo m can be calculated using the fo llo wing equatio n:

Degrees o f  f reedo m = (number o f  co lumns - 1) x (number o f  ro ws - 1)

Columns and rows refer to the original contingency table

In this example, there are 2 co lumns and 2 ro ws in the co ntingency table

Degrees o f freedo m = (2 - 1) x (2 - 1)

= 1 x 1

= 1

Step 9: Determine the pro bability level

As bio lo gists, we wo rk at a pro bability o f  0.05, o r 5%

Step 10: Use a critical values table and the results o f  steps 8−9 to  �nd the critical value

Degrees o f

f reedo m

Probability that the difference between O and E is due to
chance 

0.1 0.05 0.01 0.001

1 2.71 3.84 6.64 10.83

2 4.6 5.99 9.21 13.82

3 6.25 7.82 11.34 16.27

4 7.78 9.49 13.28 18.46

With degrees o f  f reedo m as 1, and a pro bability level o f 0.05, the critical value  can be read

fro m the table as 3.84
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Step 11: Co mpare the chi-squared value with the critical value to  assess signi�cance

The chi-squared value o f 7.56 is larger than the critical value o f 3.84

This means that there is a signi�cant asso ciatio n between the two  species (see sectio n belo w

o n statistical signi�cance)

St at ist ical signi�cance

The chi-squared value, o nce calculated, can be co mpared to  a critical value; this allo ws

statistical signi�cance  to  be assessed

If the chi-squared value is larger than the critical value, there is  a statistically signi�cant

di�erence between o bserved and expected values, o r a statistically signi�cant asso ciatio n

between two  sets o f results

In this case, the null hypo thesis can be rejected

If the chi-squared value is equal to  o r smaller than the critical value, there is no  statistically

signi�cant di�erence between o bserved and expected values, o r no  statistically signi�cant

asso ciatio n between two  sets o f results

In this case, the null hypo thesis can be accepted

To  determine the critical value bio lo gists generally use a pro bability level, o r p-value, o f 0.05, o r 5

%

This means that if a di�erence o r asso ciatio n is sho wn to  be statistically signi�cant at this

level, there is o nly a 5 %  pro bability (i.e. pro bability = 0.05) that this result might be due to

chance

Exam T ip

When calculating a chi-squared value it is very helpful to  create a table like the o ne seen in the

wo rked example. This will help yo u with yo ur calculatio ns and make sure yo u do n’t get muddled

up!
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