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Energy Flow in Ecosystems /

Your notes
Energy Flow in Ecosystems
= Ecosystemsrely onaconstant supply of energy and matter to maintain their structure and function

= Energyis essential for driving biological processes, while matter cycles through the ecosystem,
beingreused andrecycled

= Ecosystems are considered open systems, meaning they exchange both energy and matter with their
surroundings

= Energy enters ecosystems primarily from the sun, entering as sunlight and being converted into
chemical energy by producers through photosynthesis

= This energy is then transferred between trophic levels as organisms consume one another,
with some energy lost as heat at each transfer

= Decomposers break down organic matter, releasing energy and returning nutrients to the
environment

= Matter, such as nutrients and water, flows into and out of ecosystems through various processes
like decomposition, nutrient cycling and precipitation

The first law of thermodynamics

= Energy existsin many different forms, including light energy, heat energy, chemical energy, electrical
energy and kinetic energy

= The wayinwhich energy behaves within systems can be explained by the laws of thermodynamics
= There are two laws of thermodynamics
= The first law of thermodynamicsis as follows:
Energy can neither be created nor destroyed, it can only be transformed from one form to another
= Thisis also known as the principle of conservation of energy
= |tmeans that the energy entering a system equals the energy leaving it
= |[tmeansthat as energy flows through ecosystems, it can only change from one form to another

= The transfer of energy in food chains within ecosystems demonstrates the principle of conservation of
energy:

= Energy enters the system (the food chain or food web) in the form of sunlight
= Producers convert thislight energy into biomass (stored chemical energy) via photosynthesis
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= This chemical energy is passed along the food chain, via consumers, as biomass

= Allenergy ultimately leaves the food chain, food web or ecosystem as heat energy

The second law of thermodynamics
= The second law of thermodynamics states that:
Energy transfers in ecosystems are inefficient
= Thisisbecause energy transfersin any system are never 100% efficient
= The second law of thermodynamics explains the decrease in available energy within ecosystems:

= |nafoodchain, energyis transformed from a more concentrated (ordered) form (e.g. light energy
from the Sun), into a more dispersed or disordered form (heat energy lost by organisms)

= |nitially, light energy from the Sunis absorbed by producers
= However, even at thisinitial stage, energy absorption and transfer by producers is inefficient

= Thisis due toreflection, transmission (light passing through leaves) and inefficient energy
transfer during photosynthesis

= Theenergy thatis converted to plant biomassis theninefficiently transferred along the food chain
due torespiration and the production of waste heat energy

= |necosystems, the biggestlosses occurduring cellularrespiration
= Whenenergy is transformed, some must be degradedinto aless useful form, such as heat

= Asaresult of these inefficient energy transfers, food chains are often short (they rarely contain
more than five trophic levels)
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Photosynthesis V4

Your notes

Photosynthesis
What is photosynthesis?

= Primary producers in the majority of ecosystems convert light energy into chemical energy in the
process of photosynthesis

= Producers are typically plants, algae and photosynthetic bacteria that produce their own food
using photosynthesis

= They are also known as autotrophs
= Producers form the first trophic level inafood chain

= The photosynthesisreactionis:

] LIGHT
SARELW + | WATER |

DIOXIDE >
| CHLOROPHYLL |

GLUCOSE | + | OXYGEN

(#save myexams

Photosynthesis word equation

= Theinputs and outputs are:
= Inputs: sunlight as an energy source, carbon dioxide, and water

= Processes: inside chloroplasts, chlorophyll captures certain visible wavelengths of sunlight energy
and stores this as chemical energy

= Qutputs: glucose and oxygen
= Transformations: light energyis transformed into stored chemical energy (in the form of glucose)
= Photosynthesis produces the raw material for producing biomass

= The glucose produced during photosynthesisis used as an energy source for the plant but also as
the basic starting material for other organic molecules (e.g. cellulose and starch)

= |necosystems where sunlight and water are available, the process of photosynthesis enables plants to
synthesise these organic compounds (glucose and other sugars) from carbon dioxide
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Most of these sugars synthesised by plants are used by the plant as respiratory substrates /
= Arespiratory substrate is amolecule (such as glucose) that can be usedin respiration, to release Your notes
energy for growth

o

Examiner Tips and Tricks

You are not required to know the biochemical details of photosynthesis, just remember that
photosynthesis is the conversion of light energy to chemical energy in the form of glucose, some of

which can be stored as biomass by producers.
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Respiration

Respiration

= Respirationis the conversion of organic matterinto carbon dioxide and waterin all living organisms,
releasing energy

= Cellularrespirationreleases energy from glucose by convertingitinto a chemical form that can
easily be usedin carrying out active processes ( such as growth and repair) within living cells

= The aerobicrespirationreactionis:

AEROBIC RESPIRATION

| g m :> CARBON

DIOXIDE

GLUCOSE | + | OXYGEN + | WATER

Aerobic respiration
= Theinputs and outputs are:
= Inputs: organic matter(glucose) and oxygen
= Processes: oxidation processesinside cells
= Qutputs: release of energy forwork (movement) and heat
= Transformations: stored chemical energy is transformed into kinetic energy and heat
= Some of the chemical energy released during cellular respiration is transformed into heat

= Heatis generated by cellularrespiration because itis not 100% efficient at transferring energy
from substrates, such as carbohydrates, into the chemical form of energy usedin cells

= Heat generated within anindividual organism cannot be transformed back into chemical energy
andis ultimately lost from the body

= The heatenergyreleasedincreases the entropy in the ecosystem, following the second law of
thermodynamics, while enabling organisms to maintain relatively low entropy (high organisation)

re
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Examiner Tips and Tricks /

Your notes
You are not required to know that adenosine triphosphate (ATP) is the readily usable energy currency

of cells, justremember that the energy released by respirationis usedin carrying out active
processes withinliving cells.
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Trophic Levels & Food Chains

Trophic Levels & Food Chains

What are trophic levels?

= The trophic levelis the position that an organism occupiesin a food chain (or food web)

= |f multiple organisms occupy the same positioninafood chain, they are in the same trophic level

Trophic Levels

Trophic Name of Trophic Description of Organisms in Trophic Level
Level Level
1 Producers Plants and algae—produce their own biomass using energy from
sunlight
2 Primary consumers Herbivores—feed on producers
3 Secondary Predators—feed on primary consumers
consumers
4 Tertiary consumers Predators—feed on secondary consumers

= Producers are typically plants or algae and produce their own food using photosynthesis

= They form the first trophic level in a food chain

= The chemical energy storedin producersis then transferred to primary consumers as they consume
(eat) producers

= The chemical energy is then transferred from one consumer to the next as they eat one another

= Consumers have diverse strategies for obtaining energy-containing carbon compounds

Consumer Strategies

Type of Consumer | Description

Examples
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Herbivores

Feed primarily on plants and plant-
derived material

Deer: graze on grasses, leaves, and
shrubs

Rabbits: consume grasses, herbs,
andvegetables

Detritivores

Consume decomposing organic matter
(detritus) and help break it down further

Earthworms: feed on decaying plant
material and enhance soil structure

Dung beetles: consume animal dung,
aidingin nutrientrecycling

Predators Hunt and consume other organisms (prey) | Lions: prey onvarious herbivores such
forfood as gazelles and zebras
Wolves: hunt animals like deerand elk
in packs
Parasites Depend on a host organism for survival, Tapeworms: live in the intestines of
often harming but notimmediately killing | mammals, absorbing nutrients from
it the host'sfood
Mosquitoes: feed on the blood of
animals, including humans, for
nourishment
Saprotrophs and Saprotrophs: decompose dead organic Fungi: break down dead plant
decomposers matter externally and absorb nutrients material, such as fallen leaves and
wood, into simpler compounds
Decomposers: break down organic
matterinto simpler substances, playinga | Bacteria: decompose organic matter,
vitalrole in nutrient recycling releasing nutrients for plant uptake
Scavengers Consume dead animal carcasses, helping | Vultures: feed on the remains of dead
to cleanup ecosystems animals, scavenging carrion
Hyenas: opportunistic scavengers
known to consume a wide range of
animal remains
Food chains

= Feedingrelationshipsin ecosystems canbe modelled using food chains
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ause producers in ecosystems make their own carbon compounds by photosynthesis, they

are at the start of food chains

= Consumers obtain carbon compounds from producers or other consumers, so are placedin the
higher trophic levels

= |nafood chain, carbon compounds and the energy they contain are passed from primary
producers to primary consumers to secondary consumers, and so on

= Ape

x predators are at the very top of the food chain—they are carnivores or omnivores with no

predators

TROPHIC TROPHIC TROPHIC TROPHIC TROPHIC

LEVEL 1 LEVEL 2 LEVEL 3 LEVEL 4 LEVEL 5

(PRODUCER) (PRIMARY (SECONDARY (TERTIARY (QUATERNARY
CONSUMER) CONSUMER) CONSUMER) CONSUMER)

The chemical energy stored within apex predators can be passed on to decomposers when
apex predators die and are decomposed

Traditionally, decomposers are notincluded in food chains as they gain carbon compounds
from a variety of trophic levels

GRASS GRASSHOPPER FROG PYTHON

APEX PREDATOR %/‘

Trophic levels for a simple food chain—the blue arrows show how the chemical energy originally
produced by the primary producer (grass) is transferred to other organisms in the community
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Food Webs /

Your notes

Food Webs

= Afoodwebisanetwork of interconnected food chains

= Foodwebs are more realistic ways of showing connections between organisms within an ecosystem
as consumers rarely feed on just one type of food source

FOX

SPARROW

RABBIT

EARTHWORM CATERPILLAR

#Fsave myexams

A food web shows the interdependence of organisms

= Comparedtofood chains, food webs give us alot more information about the transfer of energy inan
ecosystem

= They also showinterdependence (how a change in one population can affect others within the food
web)

= Forexample,inthe food web above, if the population of earthworms decreased:

= The population of grass plants would increase as there are now fewer species feeding off them
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= The populations of frogs and mice would decrease significantly as earthworms are their only food
source

= The population of sparrows would decrease slightly as they eat earthworms but also have another
food source torely on(caterpillars)

TROPHIC TROPHIC TROPHIC
TROPHIC  |—|LEVEL 2 |——|LEVEL 3 —| LEVEL 3& 4
LEVEL 1 (PRIMARY (SECONDARY (SECONDARY AND
(PRODUCER) CONSUMER) CONSUMER) TERTIARY CONSUMER)
PLANTS GRASSHOPPER SCORPION
\ ﬂ FOX
TROPHIC LEVEL 2&3 TROPHIC LEVEL 3&5
(PRIMARY AND SECONDARY | == |(SECONDARY AND QUATERNARY
COMSUMER) COMSUMER) 7 ¥

APEX PREDATOR

SQUIRREL EAGLE

Trophic levels for a simple food web—note that some organisms can belong to more than one trophic
level (such as the squirrel, fox and eagle in this food web)

©

Examiner Tips and Tricks

Remember—the arrows in food chains and food webs indicate the direction of energy flow and
transfer of biomass.
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Energy Losses in Food Chains /

Your notes
Energy Losses in Food Chains
= The total organic matter transferred from one trophic level to the next is never 100% because:
1. Notall the food available to a given trophic levelis harvested
2. Of whatis harvested, not allis consumed
3. Of whatis consumed, not all is absorbed
4. Of whatis absorbed, not all is stored

= Forexample, if we take the example of caterpillars (the primary consumer) eating the leaves of an oak
tree (the producer):

1.The caterpillars do not eat every leaf available to them (there may simply be too many leaves, not
enough caterpillars, or some leaves may be inlocations that are difficult for the caterpillars to
access)

2.The caterpillars may not eat the entire leaf (they might eat only the softer, more nutritious parts and
leave behind tougher portions or parts with toxins)

3.0Once the caterpillars eat the leaves, not all of the nutrients are absorbed by theirbodies (some
parts of the leaves may be indigestible or contain compounds that the caterpillars cannot process,
which are then egested by the caterpillars)

4.When the caterpillars digest the leaves and convert the nutrients into energy, not all of the energy
from the leavesis stored for growth and development, as some of that energy islost as heat during
cellularrespiration
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Productivity & Biomass

Productivity

= Gross productivity (GP) is the total gain in biomass by an organism or community in a given area or
time period

= |tincludes allthe energy captured by organisms
= E.g.byplants through photosynthesis or by consumers feeding on other organisms

= Forexample,inapondecosystem, the total amount of energy captured by the aquatic plants
and other speciesinthe pondrepresents the gross productivity of that ecosystem

= Net productivity (NP)is the amount of energy or biomass remaining after losses due to cellular
respiration

= These energy losses are subtracted from the gross productivity
= Netproductivity reflects the energy available for growth and reproduction

= Forexample,if aplant has captured 1000 kJ of energy through photosynthesis (gross
productivity) but has used 300 kJ for cellular respiration, its net productivity would be 700 kJ

= | ossesdue tocellularrespiration are usually greaterin consumers thanin producers
= Thisis due to the more energy-requiring activities of consumers

= Forexample, herbivores need to spend energy on activities such as digestion and movement,
resulting in higherrespiratory losses compared to plants

Net productivity and sustainable yield

= The NP of any organism or trophic level represents the maximum sustainable yield that can be
harvested without decreasing the availability of resources for the future

= Tomaintain ecosystem stability and biodiversity, itisimportant to avoid harvesting beyond the
sustainable yield of populations

= Forexample, infisheries management, the sustainable yield of fish populations is determined
by considering the net productivity of the fishery

= Harvesting beyond the sustainable yield can lead to overexploitation and depletion of fish
stocks

= Thisaffects both the ecosystemitself and human livelihoods

Measuring Biomass
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= Estimating the biomass and energy of trophic levels ina community is animportant stepin
understanding the structure and function of an ecosystem

= There are several methods for measuring the biomass of a particular trophic, including:
= Measurement of dry mass
= Controlled combustion

= Extrapolation fromsamples

Measurement of dry mass

= One common method for estimating biomass is to measure the dry mass of organisms

= Thisinvolves collecting samples of organisms from a particular trophic level and drying themin an oven

to remove all water within the tissues
= Thedryweight of the sample is then measured

= This canthen be used to estimate the total biomass of the populations that have been sampled

= Drymass of samplesis approximately equal to the mass of organic matter (biomass) since water

represents the majority of inorganic matterin most organisms

= Forexample:

= |f the dry mass of one daffodil plantis found to be 0.1kg, then the dry mass (i.e. the biomass) of

200 daffodils would be 20 kg (0.1x 200 = 20)

= |fthe dry mass of the grass from 1m2 of a field is found to be 0.2 kg, we can say that the grasshas a

dry mass (i.e. biomass) of 0.2 kg m-2 (this means 0.2 kg per square metre)

= |fthe grass fieldis 200 m2in size, then the biomass of the whole field mustbe 40 kg (0.2x 200 =

40)
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1m
1m .
1m? OF FERNS 100 m®* OF FERNS
DRY MASS =0.3 kg m™ BIOMASS = 30 kg

™

0.3 kgwZ x 100m?

Itis possible to estimate the biomass of organisms in a larger area if you know the dry mass of the
organisms in a given (smaller) area

Controlled combustion
= Anothermethod for estimating biomassis controlled combustion
= Thisinvolves burning a known quantity of biomass and measuring the heat produced

= Byknowing the heat value of the biomass, itis possible to estimate the total biomass of a population or
trophic level, based on the amount of heat produced

= Apiece of equipment known as a calorimeter is required for this process
= The burning sample heats a known volume of water

= The changein temperature of the water provides an estimate of the chemical energy the sample
contains
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LID (DECREASES AMOUNT
* OF HEAT LOST TO

THERMOMETER i
n ENVIRONMENT

DRAUGHT EXCLUDER
(DECREASES AMOUNT

WATER 'OF THE HEAT LOST
(VOLUME MUST s TO ENVIRONMENT
BE KNOWN)
COPPER CONTAINER
(TRANSFERS HEAT
'FROM BURNING
SAMPLE TO WATER)
CRUCIBLE 'BURNING DRIED
(HEAT —PROOF PLANT SAMPLE
CONTAINER)

A simple, inexpensive version of a calorimeter that can be set up using classroom equipment

IGNITION WIRES (AN ELECTRIC CURRENT
IS PASSED THROUGH THE WIRES, CAUSING
THE SAMPLE TO BURN)

STIRRER (ENSURES HEAT |
IS EVENLY DISTRIBUTED =)
THROUGHOUT WATER) |

THERMOMETER (A VERY

ACCURATE THERMOMETER

IS USED TO MEASURE THE

| TEMPERATURE CHANGE OF
|| THE WATER

OXYGEN (ENSURES
THAT ALL OF THE
SAMPLE IS BURNT)

[WaTER)— ¢

SAMPLE (THE DEHYDRATED } \
ORGANISM OR TISSUE) j/ )
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An example of a more precise (and much more expensive) version of a calorimeter known as a bomb
calorimeter—this type is used in professional scientific laboratories

Extrapolation from samples

= Athird method forestimating biomass is to take small samples of populations and extrapolate to
estimate the total biomass of a population or trophic level

= This method can be particularly useful when dealing with large or difficult-to-sample populations

1 OAK TREE FOREST OF 250 OAK TREES

DRY MASS = 1,000 kg BIOMASS = 250,000 kg

v

1,000 x 250

Itis possible to estimate the biomass of a group of organisms if you know the dry mass of a single
organism

= Dataobtained from these methods can be used to construct ecological pyramids

= Ecological pyramids (such as pyramids of biomass) are very useful in visually illustrating the
relationships between different trophic levels in an ecosystem and how energy and biomass are
transferred through the system

Limitations of calorimetry
= |tcantake along time to fully dehydrate (dry out) a biological sample to find its dry mass

= Thisis partly because the sample has to be heated at arelatively low temperature to ensure it
doesn’tburn
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= Depending onthe size of the sample, the drying process could take several days /
= Precise equipmentis needed, which may not be available and can be very expensive
Your notes
= Avery precise digital balance should be used to measure the mass of the sample asitis drying
= Thisisto detect even extremely small changesin mass

= |tispreferable to use avery precise digital thermometer when measuring the temperature change
of the waterin the calorimeter

= Thisisto detect evenvery smalltemperature changes

= The more simple and basic the calorimeter, the less accurate the estimate will be for the chemical
energy contained within the sample

= Thisis due to heat energy from the burning sample being lost and not being transferred efficiently
tothe water

= Abomb calorimeter ensures that almost all the heat energy from the burning sample is transferred
to the water, giving a highly accurate estimate
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Ecological Pyramids V4

Your notes

Ecological Pyramids

= Ecological pyramidsinclude:
= Pyramids of numbers
= Pyramids of biomass
= Pyramids of energy (also known as pyramids of productivity)

= They are quantitative models usually measured for a given time and area

Pyramids of numbers
= Apyramid of numbers shows how many organisms we are talking about at each level of a food chain
= The width of the box indicates the number of organisms at that trophic level
= Forexample, consider the following food chain:
grass — vole — owl
= Apyramid of numbers for this food chain would look like the one shown below

= Often, the number of organisms decreases along food chains, as there is a decrease in available
energy since some energy is lost to the surrounding environment at each trophic level

= Therefore pyramids of numbers usually become narrower towards the apex (the top)
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Pyramid of numbers

Despite the name, a pyramid of numbers doesn’t always have to be pyramid-shaped

Forexample, consider the following food chain:

oak tree —insects —» woodpecker

The pyramids of numbers for this food chain will display a different pattern to the first food chain

Whenindividuals at lower trophic levels are relatively large, like the oak tree, the pyramid becomes

inverted:

= Onlyasingle oak tree is needed to support large numbers of insects (which can then support large

numbers of woodpeckers)
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WOODPECKER ®©

SECONDARY CONSUMER

=3

PRIMARY CONSUMER

OAK TREE ¢ 4

PRODUCER

Pyramids of numbers are not always pyramid-shaped (they can be inverted, like the one shown above)

Pyramids of biomass

= Apyramid of biomass shows how much mass the organisms at each trophic level would have without
including all the water that is in the organisms:

= Thisisknown as their ‘dry mass’

= Asperthe second law of thermodynamics, the quantities of biomass generally decrease along food
chains, so the pyramids become narrower towards the top
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50kg of voles feeding 100kg of barn owls

Being able to construct accurate pyramids of biomass from appropriate datais animportant skKill

o

Worked Example

The table below shows:

= Afood chainwith four trophic levels

= The total mass of organisms at each trophic level

Clover — Snail Thrush — Sparrowhawk
-
Biomass (kg) 80 30 10 2
Draw a pyramid of biomass for the food chainin Table 1.
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H SPARROWHAWK

THRUSH |
;/’% BARS EQUALLY SPACED
AROUND THE MIDPOINT
Fraly amika
LABEL EACH
SHAIL = i TROPHIC LEVEL

CLOVER

BARS TOUCHING

50 40 30 20 10 0] 10 20 30 40 50

USE A SUITABLE SCALE
THAT GOES UP IN
REGULAR INTERVALS

\

BIOMASS (kg)
LABEL THE x-AXIS
AND GIVE UNITS

= Pyramids of biomass are usually pyramid-shaped, regardless of what the pyramid of numbers for that

food chainlooks like

= However, they can occasionally be inverted and show higher quantities at higher trophic levels
= Theseinverted pyramids sometimes occur due to marked seasonal variations

= Forexample, in some marine ecosystems, the standing crop of phytoplankton, the major
producers, is lower than the mass of the primary consumers, such as zooplankton

= Thisis because the phytoplankton reproduce very quickly and are constantly being
consumed by the primary consumers, which leads to a lower standing crop but higher

productivity

= This can occur because phytoplankton canvary greatly in productivity (and therefore biomass)
depending on sunlight intensity
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USUALLY, A
PYRAMID {L
I
LIKE THIS... | MICE {L
..BECAUSE THE QUANTITIES
HOWEVER, OF BIOMASS AT EACH TROPHIC
SOME LEVEL GENERALLY DECREASES
PYRAMIDS _ ALONG FOOD CHAINS, CAUSING
OF BIOMASS SEA LION THE PYRAMID TO BECOME
(EG. FOR THIS HERRING NARROWER TOWARDS THE TOP.
MARINE FOOD :
CHAIN) CAN {L
BE INVERTED... ..BECAUSE A PYRAMID OF
BIOMASS REPRESENTS A
SNAPSHOT IN TIME, SO THE
BIOMASS OF THE PRODUCERS
(E G. DURING A PARTICULAR
SEASON) CAN SOMETIMES BE
LESS THAN THE BIOMASS OF
THE CONSUMERS THAT FEED
ON THEM...
<
..THIS CAN OCCUR WHEN THE
PRODUCERS (IN THIS CASE
KEY: PHYTOPLANKTON) ARE ABLE TO
D L REPRODUCE AND INCREASE IN
NUMBER OVER A VERY SHORT
|:| =100 gm™2 PERIOD OF TIME, AND THEREFORE
. = 1000 g m™2 SHOW LARGE SEASONAL
. FLUCTUATIONS IN THEIR TOTAL
Bl - 10.000gm BIOMASS.

Pyramids of biomass

Pyramids of energy

= Pyramids of energy (also referred to as pyramids of productivity) show the flow of energy through
trophic levels, indicating the rate at which that energy is being generated
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Pyramids of productivity illustrate the amount of energy or biomass of organisms at each trophic level
perunit area per unit time

= Productivity is measured in units of flow

= The units are mass or energy per metre squared peryear (g/kg m-2yr-orJ/kJ m-2yr)
The length of each box, or bar, represents the quantity of energy present
These pyramids are always widest at the base and decrease in size as they goup

= Thisis because pyramids of productivity for entire ecosystems over a year always show a decrease
along the food chain, following the second law of thermodynamics

The base is wide due to the large amount of energy contained within the biomass of producers

As youmove up the pyramid to higher trophic levels, the quantity of energy decreases as not all energy
is transferred to the biomass of the next trophic level (roughly 10 % of the energy is passed on)

Energyislost at each trophic level due to:
= |ncomplete consumption
= |ncomplete digestion
= |ossof heat energy to the environment during respiration

= Excretion of the waste products of metabolism e.g. carbon dioxide, water, and urea

TERTIARY .
CONSUMERS 10 kJ m~2 YEAR
SECONDARY i "
CONSUMERS 100 kJ m~2 YEAR
PRIMARY ) ,
CONSUMERS 1000 kJ m-2 YEAR
PRODUCERS 40 000 kJ m-2 YEAR™

The energy stored in the biomass of organisms can be represented by a pyramid of productivity
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Human Impacts on Energy & Matter Flows

Human Impacts on Energy & Matter Flows

Bioaccumulation and biomagnification

= Bioaccumulationis the build-up of persistent or non-biodegradable pollutants within an organism or
trophic level because they cannot be broken down

= Biomagnificationis the increase in the concentration of persistent or non-biodegradable pollutants
alongafoodchain

= Aspollutants are passed up the food chain from one trophic level to the next, they become more
concentrated

= This means that organisms at higher trophic levels (such as top predators) accumulate higher
concentrations of pollutants than those at lower trophic levels

= Thisis due to the decrease in the total biodegradable biomass of organisms at higher trophic
levels

= Pollutants that are persistent and non-biodegradable can accumulate along food chains
= Examplesinclude:
= Polychlorinated biphenyl (PCB)
= Dichlorodiphenyltrichloroethane (DDT)
= Mercury

= They can cause changes to ecosystems through the processes of bioaccumulation and
biomagnification

= Forexample, DDT was a widely usedinsecticide in the mid-20th century that was found to have
harmful effects on birds of prey such as eagles and falcons

= When DDT was sprayed on crops, it would leach into waterways and eventually enter freshwater
and marine ecosystems

= DDTwouldthenenterfood chains (via plankton) and accumulate in the bodies of fish
= These fishwould then be eaten by birds, which would accumulate higher concentrations of DDT

= Because DDTis persistent and does not break down easily, it can continue to accumulate in the
bodies of animals at higher trophic levels (such as birds of prey), leading to harmful effects such as
thinning of eggshells and reduced reproductive success
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FOOD CHAIN TROPHIC LEVELS DDT CONCENTRATION Your notes
(PARTS PER MILLION)

FISH—EATING
BIRDS OF PREY
LARGE
FISH
i SMALL FISH
23 ZOOPLANKTON
/
\'f PHYTOPLANKTON

0.000003
PPM

Through the process of biomagnification, the concentration of DDT in the tissues of organisms
increases at successively higher trophic levels in a food chain

= Mercuryis another example of a pollutant that can accumulate along food chains

= Mercuryisreleasedinto the environment through activities such as coal-fired power plants and

gold mining

= Onceinthe environment, mercury can be converted into a highly toxic form called methylmercury

= Thisaccumulatesinthe bodies of fish
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= Aslargerfish eat smaller fish, the concentration of methylmercury within the tissues of these fish
increases, leading to potential harm for humans who eat large predatory fish such as tuna or
swordfish

= |In1956, forexample, a chemical factory released toxic methylmercury into waste water
entering Minamata Bay in Japan

= Mercury accumulationin fish and shellfish caused mercury poisoninginlocal people (who ate
the fish and shellfish) and resulted in severe symptoms (paralysis, death, or birth defectsin

newborns)
BIOACCUMULATION IS THE INCREASE IN
CONCENTRATION OF A TOXIC CHEMICAL
IN A PARTICULAR ORGANISM OVER TIME
= TIGERFISH w
5 ppm
PESTICIDE IN SMALL SMALL CROCODILE
LAKE WATER PLANTS FISH 24
0.002 ppb 1 ppm 2 ppm i
) CORMORANT
10 ppm
KEY

ppm = PARTS PER MILLION
ppb = PARTS PER BILLION

Biomagnification and bioaccumulation of a pesticide in an aquatic ecosystem

Non-biodegradable pollutants and microplastics

= One concerning aspect of many non-biodegradable pollutantsis that they can be absorbed by
microplastics
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= Thiscanincrease the transmission of these pollutants within food chains (i.e. increase the level of
biomagnification)
= Microplastics are tiny plastic particles, oftenless than 5mmiin size

= They come from various sources like plastic bottles, packaging and synthetic clothing

= Wheninthe environment, these microplastics act a bit like sponges, absorbing non-
biodegradable pollutants such as polychlorinated biphenyls (PCBs), pesticides and heavy metals
such aslead and mercury

Effect on the food chain
= Marine animals ofteningest microplastics as they feed

= Assmaller organisms consume microplastics containing pollutants, these toxins accumulate in their
bodies

= |arger predators then consume these contaminated organisms, leading to biomagnification, where
the concentration of toxins increases at higher trophic levels

= This canhave negative consequences for organismsin food chains

= Forexample, a study found that oysters exposed to microplastics containing pollutants
experienced:

= |owerfeedingrates
= Altered growth patterns
= Reducedreproductive success

= Thiswas found to negatively impact the fitness of individual oysters and the success of the
population as awhole

Human activities and ecosystem impacts
= Human activities can significantly change the natural flows of energy and matter within ecosystems
= Burning fossil fuels:

= Releases carbondioxide into the atmosphere, contributing to global warming

= Increased CO, availability canincrease photosynthesisrates

= However, otherpollutants and climate change effects (e.g. temperature rise and changing
rainfall patterns) can outweigh this benefit, reducing primary productivity

= Forexample, burning coal to generate electricity emits CO, but also releases sulfur dioxide (SO,)

= This pollutant contributes to acid rain and affects soil pH, which in turnimpacts plant health and
nutrient availability
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= This furtherreduces photosynthesisrates /
= Deforestation:
Your notes
= Clearing forests foragriculture, urbanisation, orlogging disrupts ecosystems

= Aswellas causing habitatloss and disruption of food webs, deforestation reduces the carbon
sink capacity of forests

= This contributes to climate change
= Urbanisation:

= Urbandevelopmentreplaces natural habitats with impervious surfaces like concrete, leading to
increased runoff and reduced infiltration

= Urbanareas generate "heatislands", increasing local temperatures
= Agriculture:
= [ntensive agriculture involves the use of fertilisers, pesticides and monoculture practices

= Thiscanleadto soil degradation, water pollution and loss of biodiversity
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Autotrophs & Heterotrophs (HL)

Autotrophs & Heterotrophs

What are autotrophs and heterotrophs?

= Allliving organisms can be classified into two groups based on how they obtain carbon compounds:
autotrophs and heterotrophs

= Autotrophs synthesise carbon compounds frominorganic sources like carbon dioxide and water

= Heterotrophs obtain carbon compounds by consuming other organisms (either plants, animals, or
decomposing organic matter)

AUTOTROPH HETEROTROPH
PLANTS SOME ALGAE ANIMALS MOST FUNGI
BACTERIA BACTERIA
PRODUCERS CONSUMERS
CREATE THEIR OWN FOOD CONSUME OTHER ORGANISMS
FOR ENERGY USING TO OBTAIN ENERGY
PHOTOSYNTHESIS

SUN CLOVER GRASSHOPPER
PHOTOSYNTHESIS

Autotrophs make their own carbon compounds (e.g. glucose) whereas heterotrophs obtain them from
arange of food sources

Types of autotrophs
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Photoautotrophs

= Photoautotrophs use light as their external energy source to produce organic compounds through
photosynthesis

= Examplesinclude: greenplants, algae, and some bacteria, like cyanobacteria

= They convert carbon dioxide and water into glucose and oxygen using light energy

Chemoautotrophs

= Chemoautotrophs use energy from exothermic inorganic chemical reactions to produce organic
compounds through chemosynthesis

= Examplesinclude: some bacteria and archaea, especially those found in extreme environments,
such as hydrothermal vents or deep-sea ecosystems

= They can oxidise substances like hydrogen sulphide or ammonia to obtain energy

= Forexample, bacteria living near hydrothermal vents use sulphur compounds to produce energy in

environments without sunlight
= The giant tube worm (Riftia pachyptila) lives on or near hydrothermal vents deep in the ocean
= Giant tube worms have a symbiotic relationship with chemosynthetic bacterialiving inside them

= The bacteria use hydrogen sulphide from the vent and oxygen and carbon dioxide from the
surrounding water to produce sugars through chemosynthesis

= Thetubewormsrely onthe bacteria forfood because they lack a digestive system

= This allows them to survive in extreme environments where light and traditional food chains do not
exist

= Chemoautotrophs are the primary producers in these extreme environments

= This means they create energy-rich compounds like sugars that support other organismsin these
food webs

Types of heterotrophs
= Herbivores: obtain carbon compounds by consuming plants
= Carnivores: obtain carbon compounds by consuming other animals
= Omnivores: obtain carbon compounds by consuming both plants and animals

= Decomposers: obtain carbon compounds by breaking down dead organic material, returning
nutrients to the ecosystem

= Examplesinclude: fungi, bacteria, and earthworms
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o Your notes

Examiner Tips and Tricks

Sometimes, understanding the origin of a word can help you to remember the meaning, for
example:

Autotroph comes from:

= 'guto’="self'
= 'trophic' = 'feeding'
Heterotroph comes from:

= 'hetero' = 'different’
= 'trophic' = 'feeding’
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Primary & Secondary Productivity (HL) V4

Your notes

Primary Productivity

= During photosynthesis, primary producers (such as plants and algae) convert light energy to chemical
energy

= This chemical energy is stored within biological molecules (biomass)

= Primary productivity can be defined as the rate at which biomass is produced using an external
energy source (like sunlight) and inorganic sources of carbon and other elements

Measuring primary productivity

= Common units for measuring productivity are kg carbon m=2 year!(kilograms of carbon per square
metre of ecosystem peryear)

= Protocols forestimating primary productivity can vary based on the ecosystem being studied

Laboratory techniques

= |nlaboratory settings, scientists can estimate primary productivity by measuring the rate of
photosynthesis in samples, such as plants or phytoplankton

= Controlled experiments can provide data on how different conditions (like lightintensity or CO»
levels) affect productivity

Field techniques
= |nfield studies, changesinbiomass canbe measured overtime to estimate productivity

= Forexample,in grassland ecosystems, researchers may sample vegetation at different times to
see how much biomass hasincreased

Gross primary productivity

= Therate at which plants are able to store chemical energy or biomass via photosynthesisis referred to
as gross primary productivity (GPP)

= Gross primary productivity can be expressed in units of energy per unit area per unit time, for example:
= Jm2yrl(joules persquare metre peryear)
= kJkm-2yr (kilojoules per square kilometre peryear)
= [nthiscase, "area"refers to the area of land thatis being studied
= Thisland contains the primary producers that are producing the biomass
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= |fthere are no primary producers presentin this area of land, there will be no gross primary
production
Gross primary productivity can also be expressed in units of mass per unit area per unit time, for
example:

= gm-=2yrl(grams persquare metre peryear)
= kg km-2yr1(kilograms per square kilometre peryear)

Inaquatic environments, it may be more suitable to measure gross primary production per unit
volume:

= Forexample, foraquatic algae, gross primary productivity could be givenin kg m-3yr1(kilograms
percubic metre peryear) orkJ m-3yr1 (kilojoules per cubic metre peryear)

o

Worked Example

The total chemical energy contained within the grass that grows ina 200 m2 field over the course of
oneyearis foundtobe 1000 kJ. Calculate the gross primary productivity of the grass field. Give
appropriate units.

Answer

Step 1: Calculate the total chemical energy contained within the grass in 1m2 of the field over the
course of one year

1000 +200=5(kJ)
Step 2: Give the appropriate units

5kim2yr1

o

Worked Example

Onaverage, apatch of arctic tundra covering an area of 1km2is estimated to produce a total
biomass of 1500 kg peryear. Calculate the gross primary productivity of this patch. Give your
answeringm-2.

Answer

Step 1: Calculate the average yearly biomass of 1m2 of the arctic tundra patch (Tkm2=1000 000
m2)

1500+1000000=0.0015 (kg yr")
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Step 2: Convert thisinto grams /

0.0015x1000=1.5gm2yr1 Your notes

Net primary productivity
= Net primary productivity (NPP) is the GPP minus plant respiratory losses (R):

= Of the total energy storedin glucose during photosynthesis, 20% will be released from glucose
during respiration

= 90% of the energy originally converted by the plant will therefore not be stored as new plant
biomass and will not be available to be passed on to herbivores (primary consumers)

= NPP cantherefore be defined as the rate at which energy is stored in plant biomass, allowing for
respiratory losses:

= NPPisimportant becauseitrepresents the energy thatis available to organisms at higher trophic
levels in the ecosystem, such as primary consumers and decomposers

= NPPisthe basis forfood chains and food webs, as it represents the energy that supports all life formsin
anecosystem

= NPP canbe thought of as the amount of plant growth that can be harvested by:
= Primary consumers in natural ecosystems
= Farmers in agricultural systems

= Forestersin silvicultural systems

Net primary productivity can be calculated using the equation:

NPP = GPP -R

NPP is expressed in units of biomass or energy per unit area or volume per unit time, forexample:

= Usingarea: gm-2yri(grams persquare metre peryear)orJm-2yrl(joules per square metre per
year)

= Usingvolume: kg m-3yr (kilograms per cubic metre peryear) or k) m-3yr1 (kilojoules per cubic
metre peryear)

= Aswith GPP, volume would be used when calculating NPP in aquatic habitats
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SOLAR
ENERGY

(MAINLY LOST TO
THE ENVIRONMENT
AS HEAT)

ENERGY USED FOR
CELLULAR WORK (R)

e L S AR
I

ENERGY STORED :

| AS BIOMASS (NPP) |
ENERGY STORED \‘

DURING PHOTOSYNTHESIS NPP REPRESENTS THE ENERGY
(GPP) THAT CAN BE PASSED ON TO

PRIMARY CONSUMERS (AND

NPP — GPP — R DECOMPOSERS)

NET PRIMARY GROSS PRIMARY RESPIRATION
PRODUCTIVITY PRODUCTIVITY

Net primary productivity, or NPP, is the rate at which energy is stored in plant biomass and made
available to primary consumers

o

Worked Example

The grassinameadow habitat converts light energy into carbohydrates at arate of 17 500 k) m-2yr.
The grassreleases 14 000 k) m-2yr1 of that energy during respiration. Calculate the net primary
productivity of the grass in the meadow habitat.

Answer

Step 1: Work out which numbers correspond to which parts of the equation

The meadow grass converts 17500 k) m-2yrlinto carbohydrates; thisis GPP

The meadow grassreleases 14 000 kI m-2yr1 of that energy inrespiration; thisis R
Step 2: Substitute numbers into the equation

NPP=GPP-R
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NPP =17500-14 000
Step 3: Complete calculation
17500-14000=3500

NPP =3500 k) m2yr1

o

Examiner Tips and Tricks

When answering questions on GPP or NPP, make sure you give the appropriate units. GPP and NPP
can either be expressed in terms of biomass (per unit area per unit time) or chemical energy (per unit
area perunit time). The biomass of an organism is effectively a measure of the quantity of carbon
compounds it contains, whichin turn provide a good estimate of how much chemical energy is
stored withinit!

The worked example for calculating NPP uses the equationinits basic form, but you may also be
expected torearrange the equation, e.g. to calculate GPP orR

If a question provides you with the NPP and R and asks you to calculate GPP, you will need to use the
following equation:

GPP =NPP +R

If a question provides you with the NPP and the GPP and asks you to calculate R, you willneed to use
the following equation:

R = GPP - NPP

Secondary Productivity

Gross secondary productivity (GSP) is the total energy/biomass assimilated by consumers and is
calculated by subtracting the mass of faecal loss from the mass of food eaten

Gross secondary productivity can be calculated using the equation:
GSP = food eaten - faecal loss
Net secondary productivity (NSP) is calculated by subtracting respiratory losses (R) from GSP
Net secondary productivity can be calculated using the equation:
NSP=GSP-R

As with gross primary productivity and net primary productivity, GSP and NSP are expressed in units of
biomass or energy per unit area or volume per unit time e.g.
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» Usingarea: gm-2yr-(grams per square metre peryear) or Jm=2yr! (joules per square metre per /
year)
Your notes
= Using volume: kg m-3yr-! (kilograms per cubic metre peryear) or k) m-3yr1 (kilojoules per cubic
metre peryear)

= Volume would be used when calculating GSP or NSP in aquatic habitats

o

Worked Example

In a patch of woodland, caterpillarsingest 2 000 k) m2yr! of chemical energy from the biomass of
oakleaves. The caterpillars lose 1200 kJ m=2yr-! of this energy in faeces. They lose a further 600 k)
m-2yr-! of this energy through respiration. Calculate the net secondary productivity of the
caterpillars.

Answer

Step 1: Calculate GSP

GSP =food eaten - faecal loss
GSP=2000-1200
GSP=800kJm2yr!

Step 2: Calculate NSP
NSP=GSP-R
NSP=800-600

NSP =200k)m-2yr-!
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Sustainable Yield (HL) 4

Your notes
Sustainable Yield

= Sustainable yield refers to the rate at which aresource can be harvested orused without
compromising the ability of the system to regenerate or replenish that resource for future use

= |tensures:
= Thelong-term sustainability of resources by not over-exploiting them

= Theresourceremains available for future generations by allowing natural regeneration

Maximum sustainable yield (MSY)

= Maximum sustainable yields (MSYs) are the highest rates of net primary productivity (NPP) or net
secondary productivity (NSP) that can be harvested from a system without depleting it

= |nagricultural, aquacultural or silvicultural systems (farming, fish farming or forestry), MSY is the
highest amount of biomass (i.e. crops, livestock, seafood or trees) that can be sustainably
harvested over time without degrading the soil, water or wider ecosystem

Sustainable yields and trophic levels
= Sustainable yields are generally higher for organisms at lower trophic levels
= These are the organisms closer to the base of the food chain, like plants or herbivores)

= Thisisbecause less energy is lost from the system at lower trophic levels, making them more efficient
forresource production

= Energyislostasheat during the transfer between trophic levels
= This makes higher trophic levels (like carnivores) less efficient forresource use

= Plant-based foods at lower trophic levels are the most energy-efficient and sustainable forhuman
consumption

= Theyrequire much fewerresources (e.g.land, water, and energy) to produce compared to animals
athighertrophiclevels

= Forexample, growing crops like wheat orrice for direct human consumptionis more sustainable
thanraising livestock for meat

= This means that sustainability in food production is much easier to achieve when humans consume
fromlower trophic levels (ideally from the first tropic level, known as producers)
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= Growing crops for direct human consumption (plants) is more sustainable than raising livestock,
which requires plants to be grown as feed

TROPHIC MEAT —-BASED PLANT -BASED
LEVEL DIET DIET

SECONDARY
CONSUMERS | | HUMANS

i

PRIMARY

CONSUMERS LIVESTOCK « ot b HUMANS .

ko) | SEOEEIEERY) | 2308840443
CROP CROP

(LA L LLLL AL

LOWER EFFICIENCY OF HIGHER EFFICIENCY OF
ENERGY TRANSFER ENERGY TRANSFER
BETWEEN PRODUCERS BETWEEN PRODUCERS
AND HUMANS, AND HUMANS - ENERGY
DUE TO ENERGY LOSSES LOSSES ARE MINIMISED
OCCURRING AT TWO AS THERE IS NO
TROPHIC LEVELS INTERMEDIATE TROPHIC

LEVEL — THIS ALLOWS A
GREATER NUMBER OF
HUMANS TO BE
SUPPORTED BY THE SAME
AMOUNT OF CROPS

Efficiency of meat-based vs plant-based terrestrial food production systems (for the plant-based
diet, note the higher number of humans supported by the same amount of crops)

o

Examiner Tips and Tricks

Remember that sustainable yield is about maintaining the balance betweenresource use and
regeneration, ideally, so that human food production can continue to feed human populations
indefinitely.
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Ecological Efficiency (HL)

Ecological Efficiency
= Thetransfer of energyinafoodchainisnot100 % efficient
= Energyislostto the environment at every trophic level

= Whenaconsumeringests another organism, not all the chemical energy in the consumer's food is
transferred to the consumer's biomass

= Onlyaround 10 % of the energy is available to the consumer to store in their tissues

= Thisisbecause around 90 % of the energy is lost to the environment

10 OF ENERGY AVAILABLE TO ORGANISM AT THE
NEXT LEVEL TO MAKE NEW BIOMASS

« A

PRIMARY — SECONDARY — TERTIARY
PHAOVER CONSUMER CONSUMER CONSUMER
#Fsavemyexams

= Somuchenergyislost to the environment because:
= Not every part of the food organismis eaten
= E.g.therootsandwoody parts of plants or the bones of animals

= Thismeans all the stored energy in these uneaten tissuesis lost to the environment
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= Consumers are not able to digest all of the food they ingest /
= E.g.celluloseinplants orthe fur of animals Your notes
= Thismeans some is egested as faeces
= The chemical energy in this undigested food is thenlost to the environment

= Energyislostto the environmentin the form of heat when consumers respire

= Energyislostto the environment when organisms excrete the waste products of metabolism

= E.g.ureainurine

ENERGY LOST TO
ENVIRONMENT THROUGH
RESPIRATION AS HEAT

TOTAL ENERGY TAKEN IN
(CHEMICAL ENERGY IN
INGESTED FOOD)

ENERGY LOST TO
ENVIRONMENT DURING
EGESTION (PRODUCTION
OF FAECES)

AND STORAGE
IN TISSUES

ENERGY LOST TO
ENVIRONMENT DURING
EXCRETION (PRODUCTION
OF WASTE PRODUCTS
e.g. URINE)

NET PRODUCTION: THIS IS THE LEFTOVER
ENERGY THAT THE CONSUMER CAN STORE
AS NEW BIOMASS (NORMALLY ONLY AROUND
102 OF THE TOTAL ENERGY TAKEN IN)

Energy losses by organisms at particular trophic level

= Theenergy thatisleft aftertheselossesis available to the consumer to fuel theirlife functions,
including being stored in biomass during growth

= These energy loss limit the number of trophic levels in ecosystems
= Eventually, the amount of energy remaining becomes insufficient to support further trophic levels

= Thisis why most terrestrial ecosystems are unable to support more than five trophic levels

Page 44 of 46

© 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

Ecological efficiency is:
The percentage of energy received by one trophic level that is passed on to the next level

= The exact percentage varies between ecosystems, trophic levels and species

= The percentage of energy transferred from one trophic level to the next is very variable

= The commonly usedvalue of 10% is not a fixed amount or a true average

Calculating ecological efficiency

~

Given the appropriate data, itis possible to calculate the efficiency of energy transfer from one
trophic level to the next (as a percentage)

= The equation for calculating ecological efficiency is shown below:

Ecological efficiency = (energy used for new biomass + energy supplied) x 100

o

Worked Example

Abutterfly lays an egg onablackberry bush. Inits first day, the caterpillar that hatches consumes
blackberries containing a total of 35 J of energy. 4.1J of this energy are used to form new caterpillar
biomass. Calculate the ecological efficiency of this step of the food chain.

Answer

Step 1: Ensure both units are the same

In this case, both are expressedinjoules so the units do not need to be converted
Step 2: Substitute the valuesinto the equation

Ecological efficiency = (energy used for new biomass + energy supplied) x 100
Ecological efficiency = (4.1+ 35) x 100

Ecological efficiency =11.7 %

o

Worked Example

Awheat farmer decides to use biological control against insect pests that are eating her wheat crop.
The farmerintroduces a species of toad. By eating the insect pests, the toads ingest 11000 k) m~
2yrlof energy. The toads lose 7 500 k) m~2 yr-! of this energy as heat from respiration and 2 800 kJ
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m-2yr1of energy in faeces and urine. Calculate the ecological efficiency of energy transfer from the /
insects to the toads.

Your notes
Answer

Step 1: Calculate the energy used for toad growth (new biomass)

Toad energy received =11000 k) m=2yr-

Toad energylosses =7500+2800=10300k)Jm=2yr!

Energy for growth=11000-10300 =700kl m=2yr!

Step 2: Substitute the valuesinto the equation

Ecological efficiency = (energy used for new biomass + energy supplied) x 100
Ecological efficiency = (700 +11000) x 100

Ecological efficiency =6.4 %
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