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Food Chains, Food Webs & the Laws-of

.

- Matter and Energy
* Food Chains/Webs shows how matter and energy

move from one organism to another an ecosystem.
* Each trophic level contains a certain amount of

biomass (dry weight of all organic matter).

* Chemical energy stored Iin biomass is transferred
from one trophic level to the next.

* With each trophic transfer, some usable energy Is
degraded and lost to the environment as low quality
heat.

* Thus, only a small portion of what Is eaten and
digested is actually converted into an organisms’
bodilvy material or biomass.



Food Chains, Food Webs & the L aws of Matterand

e
 Ecological Efficiency:

* The % of usable energy transferred as biomass from one
trophic level to the next 10% (ranges from 5-20% in most
ecosystems).

* Thus, the more trophic levels or steps in a food chain, the
greater the cumulative loss of useable energy...

« Most energy organisms use Is lost as waste heat through
respiration.

* Less and less energy is available in each successive
trophic level.

* Each level contain only 10% of the energy or the trophic
level below it.

« There are far fewer organisms at the highest trophic levels,
with less energy available.



First law of Thermodynamics
e s

- Energy can neither be created nor destroyed, but
It can be transformed from one form to another,

such as the transformation of light energy into heat
energy, or the transformation of heat into Kinetic

energy, and so on.
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Second law of Thermodynamics —
- Thistaw states that when energy is converted from one form to

another, the conversion process is not complete.

- There Is a dispersion of energy in the medium, meaning that
some energy Is lost in the medium by spreading in the form of
lost thermal energy, so there is no 100% complete conversion.

- This disturbance in the conversion of energy is called Entropy,
which Is a measure of the amount of energy lost or not used.
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Heat Transfter

MAS = EmMtropy = '&_I_—Q

There exists a useeful thermmodynamic varable called entropy (S).
A natural process that starts in one egulibrium state and ends
in another will go in the direction that causes the entropy of the
system plus the arwironmennt to increase for an imeversible
process and to remain constant for a reversible process.

S,= 5, (reversible) S, = S, (mreversible)




The basic umWy

1-Calories Per Gram (geal ) 1516 €
2- Calories Per Kilogram (Kcal. = 1000 cal.)
3- British Thermal Unit (B.T.U.) : BTU= 252 cal.

4- Joule, Langley, Watt.
Energy content in the bodies of living organisms

Living Organisms | Kcal. = g of dry weight Kcal. = g of OM

Aquatic Plants 4.5 4.6
Seeds (only) 5.2 5.3
Algae 4.9 5.1
Invertebrates
(except Insects) 3 >
Insects 5.4 o.1

vertebrates 5.6 6.3



‘Concepts of Productivit
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“Photosynthesis & Chemosynthesis
1- Gross Primary Productivity (GPP)

It Is the total amount of organic matter formed by the
process of photosynthesis, including the energy used in the
plant's respiration process.
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Net Primary
Production (NPP):

Gross Primary Production

(GPP):

the rate at which plants store
chemical energy and is
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9l NPP = GPP - R

the energy potentially available
to the next trophic level




Conceptsof Productivity
?ZN/MIDrimary Productivity ( NPP)

It Is the total amount of organic matter stored in the plant
after expending the necessary amount of energy for the
plant’s respiration.

Gross Primary Production

Gross Primary Production
(GPP):
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- Concepts-of Proauctivity. ==

3- Net Community Productivity (NCP)
It Is the total amount of organic matter stored in the plant
that has not been used by heterotrophs, I.e. it IS more than
their needs. This amount is usually measured for a specific
period.

Consumption NCP = NPP — Heterotrophs

4- Secondary Productivity (SP)

It Is the total amount of organic matter stored in the
bodies of consumers. In fact, animals are not true
producers, and they obtain energy as a result of eating
ready-made food. Therefore, the total amount of energy
stored in consumers is called assimilation energy and not
production.



Concepts of Productivit *
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Juctivity ok-Ecosysten:

Biome Productivity

Estuaries
Swamps and marshes
Tropical rain forest
Temperate forest
Northern coniferous forest (taiga)
Savanna
Agricultural land |
Woaodland and shrubland
Temperate grassland
Lakes and streams |
Continental shelf
Open ocean
Tundra (arctic and alpine) |
Deser scrub |
Extreme desen

800 1,600 2,400 3,200 4,000 4,800 5,600 6400 7,200 8,000 8.800 9.600
Average net primary productivity (kcal/m2/yr)
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Ws of Prod
- The Harvest I\/Iethod

2- Oxygen Measurement
3- Carbon Dioxide Method

Measuring Primary
Productivity

1. Harvest method - measure biomass and
express as biomass per unit area per unit
time.

2. CO, assimilation - measure CO, uptake
in ﬁhotosynthesm and release by
respiration.

3. Ozzrroduction - Measure O, production
and consumption.

5/11/2013 Author-Guru IB/ESS 11



- The Harvest Method

2- Oxygen Measurement
3- Carbon Dioxide Method
4- pH Method




Methods of Productivity-Measurement

- The Chlorophyll Method
6- Radioactive Materials (C#, P32)

Measuring Primary Productivity

4.

Radioisotope method - use C!? tracer in

photosynthesis.

Chlorophyll measurement - assumes a

correlation between amount of chlorophyll and
rate of photosynthesis.




Types of food webs
—_— -s e

Two Types of Food Chain:

1. grazing food chains
grass — rabbit - fox — eagle

2. detritus food chains
leaf litter — earthworm — blackbird
dead animal - blowfly maggots — frog
(detritus — detritivore — carnivore)

blowfly maggot




Types of food webs

1. Grazing food chain
Plants Herbivores Carnivores

Grazing food chain

0
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Producer Primary cosumer Secondary consumer Tertiary consumer

(Juartenary cosumer



/Tes of food webs

2. Detritus food chain

Food Chain

S
L = %

Producer Consumer_ . . .mer Tertiary
\ \. i C/nsumer
N3

» @ L. Decomposers




1- long food chain
2- Short food chain

3- Very short food
chain




waructu cologica mids

~» Communities have clear nutritional s
structures as a result of the Energy Flow N
through them, the formation of Biomass,
and the loss of energy at each step.
 The nutritional structure can Dbe
expressed or described as the amount of
Biomass per unit area per unit time
(calories/unit area/unit time).
 The nutritional structure can
expressed in the form of a diagram called
the Ecological Pyramid in which the
producing levels are the base of the
pyramid, and the rest of the levels are the
other layers of the pyramid up to the
apex.

nergy of tertiary consumers

FOOD CHAIN
be

BACTERIA




w structu

/ Three types of Ecological Pyramids:

1. Pyramid of Numbers

The number of each
type of living
organisms present iIn
the community Is used
to build the pyramid.

cologica mids

KILOCALORIES PER M? TROPHIC LEVEL
PER YEAR

. 6@13

Tertiary consumers
(largemouth bass)

|
A 67 1 316

Secondary consumers
(bluegill)
£ 1478 1890
g Primary consumers
pf g (caddisfly larva)
8,833 11,977
Primary producers

: (aquatic plants)
Net primary productivity Respiration



w structu cologica mids

2. Pyramid of Biomass

* This type of pyramid
depends on the total dry o
weight of living organisms \
in building the pyramid. <




wﬂ%truct

Tertiary consumers (10 Kcal/M?yr)

Secondary consumers (100 Kcal/M?yr)

Primary consumers (1000 Kcal/M?/yr)

3. Pyramid of Energy

energy of third- _
order consumers ,G";{d

The energy flow (productivity) =gl e

ratio at each trophic level is e
= 2 energy of .- ..
used to build the pyramid. e NP

. W .
insects # ' 2

Green Plants
enargy of producer level



Trophic structure cologica mids
¢ The first and second types can be inverted pyramids
(base up and top down), for example, and the base may be

smaller than the top.

As for the energy pyramid, it cannot be like that, but it is
always In the form of a wide base down and a small top up.

Pyramid of Numbers Pyramid of Biomass Pyramid of Energy

Fox
Rabbit

Grass

Sea Lion
Herring

Looplankton

Phytoplnkton
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