Key idea: Food chains can be put together to form food
webs, The compiexity of a food web depends on the number
of foods chains and trophic levels involved, .

Species are assigned to trophic levels on the basis of
their sources of nutrition, with the first trophic level (the
producers), ultimately supporting all other (consumer) levels.

Consumers are ranked according tc the trophic level the;:?
occupy, although some consumers may feed at severy |
different trophic tevels. in the example of a lake ecosystep,
below, your task is assemble the organisms into a food wep
in a way that illustrates their trophic status and their relatiyg
trophic position(s).

Autotrophic protists
Chiamydemonas (above), Euglena
Twe of the many genera that form the
phytoplankton,

R
Dapfinia

Small freshwaier crustacean that forms part of

the zooplankton. It feeds on planktonic algae by

filtering them from the water with its limbs.

X,

"Diving beetle {Dytiscus)

Diving beetles feed on aquatic insect Jarvae and
adult insects blown into the lake community. The
will aiso eat organic detritus collscted from the
bottomn mud.

Great pond snail (Limnaea)
Omnivorous pond snail, eating both plant and
animal materiai, living or dead, although the main
diet is aqualic macrophytes.

Pike (Esox lucius)
A top ambush predator of all smaller fish and
amphibians. They are also opportunistic predators
of rodents and small birds.

KNOW

Macrophytes {various species)
A variety of flowering aguatic plants
are adapted for being submerged, free-
fleating, or growing ai the lake margin.

Detritus

framn the lake margins.

Leech (Glossiphonia)
Leeches are fluid feeding predators of smaller
invertebrates, including rotifers, small pend snails
and worms.

Carp (Cyprinus)
A heavy bedied freshwater fish that feeds mainly
on battom living insect larvae and snails, but will
also take some plant material (not algae).

Herbivorous water beeiles {(e.g.Hydrophiius)

Foed on water plants, although the young beetle
jarvae are carnivorous, feeding primarily on smait
pond snails.

Mosquito larva (Culex spp.)

- The larvae of most mosguito species, e.g. Culex,

feed on pianktonic algae and small protozoans
before passing through a pupal stage and
undergoing metamorphosis Inte adult mosquitoes.

Decaying organic matter from within
the lake itself or it may be washed in

Asplanchna (planktonic rotifer)

A large, carnivorous rotifer that feeds
on protozoa and young zooptankion
{e.g. small Baphnia).

NYSDEG

Three-spined stickleback (Gasferosteus)
A commen fish of freshwater pands and lakes,
It feeds mainly on small invertebrates such as
Daphniz and insect larvae,

- Gina Miksl 4”

Dragonfly larva
Large aqualic insect larvae that are voracious
predators of small invertebrates Including Hyara,
Daphnia, other insect larvas, and leeches.

Protozan (e.g. Paramecium)
Ciiiated protezoa such as Paramecium feed
prirarily on bacteria and microscopic green aigas
such as Chiamydomonas, -

Hydra
A smail carnivorous cnidarian that captures smell
prey items, e.g. small Daphnia and insect larves,
using its stinging cells on the tentacles.
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1, From the informaticn provided for the lake food web components on the previcus page, construct ten different food
chains {o show the feeding relationships between the organisms. Some food chains may be shorier than others and
most species will appear in more than one food chain. An example has been completed for you.

Example 1: Macrophyte —— 3 Herbivorous waterbestle ——» Carp — = Pike

0

2. (a) Use the food chains created above to help you to draw up a food web for this community. Use the information
supplied to draw arrows showing the flow of energy between species (only energy from the detritus is required).

(b) Label each species to indicate its position in the food web, i.e. its trophic level (T1,T2, T3, T4, T5). Where a species
occupies more than one trophic level, indicate this, e.g. T2/3;

Tertiary and higher level
consumers (carnivores) 3 T
Pike : Carp

|
H
i

Tertiary consumers Threa-spined

Dragenily larva

{carnivores) é Diving bestie stickieback
! Hydra (DyﬁSCUS) S
Leech
(v
]
2
=
Secondary consumers £
{carnivores) i ; g .
Mesquito larva,  { Aspianchna | g-
ij ,: B
< 2
o
.
Do
&
=
oo
Primary consumers S
(herbivores) : Herbivorous water ; Great
. ; pond
Daphnia Paramecium bestie (acul) | snail

Producers

Autotrophic ::
protis?s ’ Macrophytes
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Key idea: Energy flows through an ecosystem between
trophic levels. Only 5-20% of energy is transferred from one
trophic leve! to the next.

Erergy cannct be created or destroyed, only transformed
from aone form {e.g. light energy) to another (e.g. chemical
enargy in the bonds of molecules), This means that the flow
of energy through an ecosystem can be measured. Each
time energy is transferred from one trophic level to the next
{by eating, defecation, etc), some energy is given out as heat
to the environment, usually during cellular respiration. Living

S it Bt

organisms cannot convert heat to other forms of energy, .
the amount of energy available fo one trophic level is alwa
less than the amount at the previous level. Potentially, y
can account for the transfer of anergy from its input (as sl
radiaticn) to its release as heat from organisms, becau
energy is conserved. The percentage of energy transferx
from cne trophic level to the next is the trophic efficiency.
varies between 5% and 20% and measures the efficiency
energy transfer. An average figura of 10% trophic efficiency
ofien used. This is called the ten percent rule (below).

NOTE

Light absorbed
by plants

1,700,000

Nurnbers represent ﬁ;?r
kilojoules of energy per . . ”
square metre per year i Suniight falling o
(kd m2yr -1 on plant -
surfaces e,
7,000,000 .
L

Producers
87,400
50,450
(@)
7,800
e *____ Primary
;o consumers
e ™ 1600
T 1330 | secondary
%g_\,@\_ﬂ consumers
e
A
A
Tertiary
B DT consumers
A
‘%fk\g\j\ ~

19,200

Energy absorbed from the
previous trophic level

100
Enargy Energy
lost  «——  Trophiclevel [—>» lostto
as heat 65 15 detritus
20

Energy passad on to
tre next trophic leve!

The energy available to each trophic level will always equal the
amount entaring that trophic level, minus {otal losses to that
level (due to metabolic activity, death, excretion etc). Energy
lost as heat wil! be lost from the ecosystem. Other losses
bacome part of the detritus and may be utilized by other
organisms in the ecosystam

International-mindedness:

Energy and Food
Paople eating crops are primary
consumers, but people eating
meat are secondary Consumers,
Crops can feed mare people
per hectara than livestock can
because there is one less step in
the tood chain.

10,465

19,300

Decomposers and detritivores

e
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. (a) State the groups for which detritus is an energy source:

. Study the diagram on the previous page illustrating energy flow through a hypothetical ecosystem. Use the example at

the top of the page as a guide fo calculate the missing values (a)—(d) in the diagram. Note that the sum ot the energy
inputs always equals the sum of the energy outputs. Write your answers in the spaces provided on the diagram.

 |dentify the processes occurring at the points labelled A — G on the diagram:

A. E.
B. F.

C. G.
D.

. (a) Calculate the percentage of light energy falling on the plants that is absorked at point A:

Light absorbed by plants + sunlight falling on plant surfaces x 100 =

{b) What happens to the light energy that is not absorbed?

. (a) Calculate the percentage of light energy absorbed that is actuaily converted (fixed) info producer energy:

Producers + light absorbed by plants x 100 =

{b) How much light energy Is absorbed but not fixed:

(c) Account for the difference between the amount of energy absorbed and the amount actually fixed by producers:

. Of the total amount of energy fixed by producers in this ecosystem (at paint A) calculate:

(a) The total amount that ended up as metabolic waste heat (in kJ):

() The percentage of the energy fixed that ended up as waste heat:

(b) How could detritus be removed or added 1o an ecosystem?

. Under certzin conditions, decomposition rates can be very low or even Zero, allowing detritus to accumuiate:

(a) From your knowledge of biclogical processes, what conditions might slow decomposition rates?

(b} What are the consequences of this lack of decomposer activity to the energy flow?

{c) Add an additional arrow to the diagram on the previous page o jlustrate your answer:

(d) Describe three examples of materials that have resulted from a lack of decomposer activity on detrital materiat:

. The ten percent rule states that the total energy content of a trophic level in an ecosystem is only about one-tenth (or

10%) that of the preceding level. For each of the trophic levels in the diagram on the preceding page, determine the
amount of energy passed on to the next trophic level as a percentage:

{a) Producer to primary consumer:

() Primary consumer to secondary consumer:

(c) Secondary consumer to tertiary consumer:

% e © 2012-2014 BIOZONE International
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Key idea: Ecologicai pyramids can be used 1o illustrate the
amount of energy at each trophic level in an ecosystem.

The energy, biomass, or numbers of organisms at each trophic
level in any ecosystem can be represented by an gcological
pyramid. The first trophic level is placed at the bottom of

Tertiary consumer (C3)

B ﬁsecondary consumer (C2)

the pyramid and subsequent trophic ievels are stacked o
top in their ‘feeding sequence’. Ecological pyramids provice
a convenient model to illustrate the relationship betwaer
different trophic levels in an ecosysiem. Pyramids of energ
shows the energy contained within each irophic-level. '

Primary consumer (C1}

Decompaosers and
detritivores (D)

% Primary producer {P)

The generalized ecological pyramid pictured above shows a
conventional pyramid shape, with a large base at the primary
producer level, and increasingly smaller blocks at subsequent
lovels. Not all pyramids have this appearance. Decomposers
are placed at the ievel of the primary consumers and off to the
side because they may obtain energy from many different trophic

levels and so do not fit into the conventional pyramid strictun
Pyramid of biomass measures the mass of the biological mater
at each trophic level. They are usually simiiar in appearance
pyramids of energy (biomass diminishes along food chains as
energy retained i the food chain diminishes).

Pyramid of Energy for a Plankton Community

Dacomposers

830 kd

Enetgy

Phytoplankion (such as dilatoms, left)
are producers, transforming sunlight
snergy into the energy in the chemical
bonds withir organic matter {food)

via photosynthesis. There are many
different species of phytoplaniton.
They form the first trophic lave! in

an ecological pyramid for an aquatic
plankten community.

The pyramid ilustrated above relates to a hypothetical plankton community. The snergy at each trophic level s reduced with
each progressive stage in the food chain. As a general rule, a maximum of 10% of the energy Is passed on to the next level in
the food chain. The remaining energy is lost due to respiration, waste, and heat.

1. Detefrtmine the energy transfer between trophic ievels in the plankton community example in the above diagram:

(a) Between producers and the primary consumers.

(b) Between the primary consumers and the secondary consumers:

(c) Why is the amount of energy transferred from the producer level to primary consumers considerably less than the

expected 10% that occurs in many other communities?

(d) After the praducers, which trophic group has the greatest energy content?

(e) Give a likely explanation for this:
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: Data based questlons Oxygen consumption in tobacco hornworms

: Tobacco homworms are the larvae of Manduca sexta.

.

canmae

Adults of this species are moths. Larvae emerge
from the eggs laid by the adult female moths. There
are a series of larval stages called instars. Hach
instar grows and then changes into the next one
by shedding its exoskeleton and developing a new
larger one. The exoskeleton includes the tracheal
tubes that supply oxygen to the tissues.

The graphs below (figure 12) show measurements
made using a sirnple respirometer of the respiration

' rate of 31d, 4th and 5th instar larvae. Details of
: the methods are given in the paper published by

P

LR

the biclogists who carried out the research. The
reference to the research is Callier V and Nijhout
HF (2011) “Control of body size by oxygen supply
reveals size-dependent and size-independent
mechanisms of molting and metamorphosis.”
PNAS;108:14664-14669. This paper is freely

: available on the internet at http://www.pnas.org/
: content/108/35/14664.full.pdf+html.
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Each data point on the graphs shows the body mass
and respiration rate of one larva. For each instar the
results have been divided into younger larvae with
low to intermediate body mass and older larvae
with intermediate to high body mass. The results
are plotted on separate graphs. The intermediate
body mass is referred to as the critical weight.

1 a) Predict, using the data in the graphs, how
the respiration rate of a larva will change
as it grows from moulting until it reaches
the critical weight. [1]

b) Explain the change in respiration rate that
you have described. (2]

2 a) Discuss the trends in respiration rate in
larvae above the critical weight. [2]

BEadobossscraovAdNtaovdadnUdadNUad o Ndndndadednna
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b) Suggest reasons for the difference in the
trends between the perieds below and

above the critical weight. 21:

The researchers reared some tobacco hornworms
in air with reduced oxygen content. They found

that the instar larvae moulted at a lower body mass |

than larvae reared in normal air with 20% oxygen.

3 Suggest a reason for earlier moulting in larvae

reared in air with reduced oxygen content. [2]
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4 Figure 12 Respiration rates of tobacco horpworms {after
Callier and Nijhout, 2011)

() Ethics of animal use in respirometers

Assessing the ethics of scientific research: the use of invertebrates in
respirometer experiments has ethical implications.

It is important for all scientists to assess the
ethics of their research. There has been intense
debate about the ethics of using animals in
experiments. When discussing ethical issues, do

we consider the consequences such as benefits
to students who are learning science? Do we
consider intentions? For example, if the animals
are harmed unintentionally does that change
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: Data-based questions

Figure 5 shows the results of an experiment in
which yellow-billed magpies (Pica nuttalli) were
putin a cage in which the temperature could

: be controlled. The birds’ rate of respiration
was measured at seven different temperatures,
from -10°C to +40°C. Between —10°C and
30°C the magpies maintained constant body
teruperature, but above 30°C body temperature

increased.

a) Describe the relationship between external
temperature and respiration rate in yellow- 0 ‘

billed magpies.

¢) Suggest a reason for the change in
respiration rate as temperature increased

from 30°C to 40°C.

CRINBEULIT OB IORACN O AR RGARTIIRamED
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: b) Explain the change in respiration rate as v ‘
: temperature drops from +10°C to -10°C.  [3] yellow-billed magpies

acon

All cells can produce ATP by cell respiration. In this process carbop
compounds such as carbohydrates and lipids are oxidized. These
oxidation reactions are exothermic and the energy released is useq
in endothermic reactions to make ATP, So cell respiration transfers
chemical energy from glucose and other carbon compounds to Atp The
reason for doing this is that the chemical energy in carbon COmpoyns
such as glucose is not immediately usable by the cell, but the chemigy)
energy in ATP can be used directly for many different activities.

The second law of thermodynamics states that energy transformarioy
are never 100% efficient. Not all of the energy from the oxidation

of carbon compounds in cell respiration is transferred to ATP. The
remainder is converted to heat. Some heat is also produced when ATP i
used in cell activities. Muscles warmm up when they contract for eXample
Energy from ATP may reside for a time in large molecules when they
have been synthesized, such as DNA and proteins, but when these
molecules are eventually digested the energy is released as heat.

aaaaa

20+

15F

respiration rate {mw g~1)

—10 o 10 20 30 40 50
[3] temperature [°C)

i 1 |

4 Figure 5 Cell respiration rates at different temperatures in

d) Suggest two reasons for the variation in
respiration rate between the birds at each :
(2] temperature. [2] :
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Heat energy in ecosystems

Living organisms cannot convert heat to other forms
of energy.

Living organisms can perform various ENergy conversions:

e Light energy to chemical energy in photosynthesis.

e Chemical energy to kinetic energy in muscle contraction.

e Chemical energy to electrical energy in nerve cells.

e Chemical energy to heat energy in heat-generating adipose tissue.

They cannot convert heat energy into any other form of energy.
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Release of carbon dioxide from cell respirati

of organisms into water or the atmosphere.
Carbor dioxide is a waste product of aerobic cell respiration. It is

oh |
Carbon dioxide is produced by respiration and diffuseg o,

produced in all cells that carry out aerobic cell respiration. These can be

grouped according to trophic level of the organism;

& non-photosynthetic cells in producers for example root cells ip plang

e animal cells

e saprotrophs such as fungi that decompose dead organic matter,

Carbon dioxide produced by respiration diffuses out of cells and passes

into the atmosphere or water that surrounds these organisms,

--------------------------------------------------------------------------------------------------------------------------
.....

: Data-based questions: Data-logging PH in an aquarium
: Figure 2 shows the pH and light intensity o sensor (pH)

! in an aquarium containing a varied ?.50
: community of organisms including

— light intensity
== nH
: pondweeds, newts and other animals. 7 450 /1/\\ P /\
: The data was obtained by data logging m (»\\ AN
/N

: using a pH electrode and a light meter. - 40l
: The aquarium was illuminated artificially '
: to give a 24-hour cycle of light and dark

: using a lamp controlled by a timer. 735 \q/ 140
: 430
+ 1 Explain the changes in light > 30 /\/ |2g
: intensity during the experiment. J2] ' 10
: 2 Determine how many days the 3251 |o
: data logging covers. [21 0140231 0234311 3082350 215545 8.02:45:09
: 0B February 2013 14:02:31 absolute time (d.hh:mm:
: 3 a) Deduce the trend in pH in . © mzrg Fbsolute tme [dhbmmss]
: the light. [1] Areure

4 a) Deduce the trend in pH in darkness. [l

b) Explain this trend. 2] |
b) Explain this trend. [2]
Methanogenesis
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Methane is produced from organic matter in anaerobic

conditions by methanogenic archaeans and some
diffuses into the atmosphere.

light intensity/arbitrary unirs

In 1776 Alessandro Volta collected bubbles of gas emerging from mud in
a reed bed on the margins of Lake Maggiore in Italy, and found that it

was inflammable. He had discovered methane, though Volta did not giv¢
it this name. Methane is produced widely in anaerobic environments.

it is a waste product of a type of anaerobic respiration.

Three different groups of anaerobic prokaryotes are involved.

1 Bacteria that convert organic matter into.a-mixture of organic-acids.

aleohol, hydrogen and carbon dioxide.




224

TvCotecacacsse

WS daavauy Sadc0sRasaa “avadadrdnenag SUovdvendagacgqay

! Data-based questions: Release of carbon from tundra soils
: Soils in tundra ecosystems typically contain large either 7 or 15°C. Some samples were kept mojst

amounts ot carbon in the form of peat. This and others were saturated with water (W). The
: accumulates because of low rates of decomposition  initial carbon content of the soils was measureg
: of dead plant Organic matter by saprotrophs. To and the amount of carbon dioxide given off duy
: Investigate this, ecologists collected samples of soil  the experiment was monitored. The bar

: from areas of tussock vegetation near Toolik Lake figure 5 shows the results.

: 111.Alas:lka. Some of the areas had been fertilized 1 2a) State the effect of increasing the
: with nitrogen and phosphorus every year for the

-------- ﬁnlliﬁlcltbaoioldoqcnoav

sarwa

chart it

: temperature of the soils on the rat
: previous eight years (TF) and some had not (TC). of reliease ;f carbon . ¢
: The soils were incubated for 100-day periods at '

: b) Explain the reasons tor this effect.

: 40 .
: e 2 a) Compare the rates of release of carbon

= moist soils with thoge in soils saturated
g with water. I

78]
(=]

N
(]

b) Suggest reasons for the differences. [

3 Outline the effects of fertilizers on rates of
release of carbon from the soils. . I.

percentage of initial C

-
==

4 Discuss whether differences in temperature,
Sk : amount of water in the soil or amount of
: M 7w 15M 15w fertilizer have the greatest impact on the

! treatment group release of carbon, [:
D a Figure 5
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Large quantities of partially decomposed organic matter have
accumulated in some ccosystems and become compressed to form 3 d,
brown acidic material called peat. About 3% of the Earth’s land surfac
Is covered by peat and as the depth is ten metres or more in some plac
the total quantities of this material are immense,

Fossilized organic matter

Partially decomposed organic matter from past geologic:
eras was converted into oil and gas in porous rocks or
into coal.

. . ' left a seam of coal,
4 Figure 8 Coal at power staticn m




