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Earth’s climates are largely determined
by patterns of mass air movement

O Descending
cold, dry air

North -—
pole (__ e

1] : 3
e ) :@ Rising warm,
moist air
South { P
- :

pole
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Properties of ecosystems

ey come 1n almost any size.

ey occupy definable spaces.

ey are open systems, with energy and

matter flowing in and out freely.

They are dynamic, showing both short-term
and long-term changes.

Within them, materials tend to cycle.



A pond: an example of an ecosystem
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Ecosystems # Ry ¢ St
Energy flow and trophic structure
o & oo o & “%’f#

N 2T i

Chemical cycling
% (C, N, etc.) .

Light
energy

Heat
energy



The laws of thermodynamics
B8R

First law: The total energy of an 1solated system 1s constant.
although within that system energy may change its form.

NETERRE AR ARF AT REY o BT
AR R G E AL U Nag MR g v
bld - BT LT - 4575

A H=AQ-AW

/\  H: The change in system enthalpy, the internal
energy of a system.

/\  Q: The net heat exchanged between the system and
its surroundings.

A\W: The net work exchanged with the environment.



Second law
% = Z_t2 (F tentropy law )
Second law: In any energy transfer, some energy 1s lost in

the form of heat.

% - %= (% Eentropy law ) v £ B HigA 0 w2
| F A 22 F e o & F G NGy B A ERA) 5

I
HEE R
A H=AGHTAS

/\  G: The net change in the Gibbs free energy of the
system.

T: Temperature
A\S: The change in the entropy, or disorder, of the system.



Energy capture in ecological systems

Primary production 4 %4 2 & or % - {44 2 &

The rate of accumulation of energy in organic molecules
by photosynthesis. & 4~ #7 B T_e = & iv & 78§ o0
Red

& F & T3 o g 4 g B B a0 £ (g/m?/yr)

& g & T2 0 AR g i & E(caloric)

1l gplant=4.5C

1 galgae=4.9C



primary productionf~ % % & &
Photosynthesis: 6CO, + 6H,0 - C.H,,0, + 60,
Respiration: C.H,,O, + 60, 2 6CO, + 6H,0O
Net primary production £ 4= % % # & (NP)
AR e e 4 R frd B g £
Gross primary production 34,4~ % 24 & & (GP)
NP4e b g et i 2 ehit £ (R)
GP=NP +R
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Open ocean
Continental shelf

Extreme desert, rock, sand, ice LN

Desert and semidesert scrub
Tropical rain forest
Savanna

Cultivated land

Boreal forest (taiga)
Temperate grassland
Woodland and shrubland
Tundra

Tropical seasonal forest
Temperate deciduous forest
Temperate evergreen forest
Swamp and marsh

Lake and stream

Estuary

Algal beds and reefs
Upwelling zones

1899 Addizon Wealey Longman, Inc

(a) Percentage of Earth’s
surface area

(b)Average net primary
productivity (a/m2/yr)

I T T T T T I T
0 500 1000 1500 2000 2500 O 5§ 10 15

T T

20 25
(c) Percentage of

Earth's net primary
productivity



Trophic structure g & % 1

Food Chains & 3~ 44 :
The pathway of energy transfer. A succession of

organisms in an ecosystem that are linked by an
energy flow and the order of who eats whom.

Trophic levels § & I &
Primary producers (Plants)
Primary consumers (herbivores)
Secondary consumers (carnivores)
Tertiary consumers (top carnivore)
Food web & 3 4
A complex pattern of interlocking and crisscrossing food
chains.



Producers trap, convert,
and use or store some
energy from the sun.

AUTOTROPHS
(plants, other primary producers)

HETEROTROPHS
(consumers, decomposers,
detritivores)

|* Energy is transferred from
one organism to another. In
time, all of the energy flows
back to the environment.

ONE-WAY FLOW OF ENERGY



TROPHIC LEVEL

Quaternary
consumers
Carnivores . . Carnivores
e s e Tertiary s —-.—;,,\_‘4(
- consumers N €
ﬁ Secondary <=
o consumers O s )
Herbivores % Primary Herbivores
o coOnsumers : (zooplankton)
3
Plants ;!.; Producers | Phytoplankton
A terrestrial An aquatic
food chain food chain

DAddison Weskey Longman, Inc
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CONSUMER CONSUMER
secondary top carnivore
or tertiary (killer whale)
carnivarg® - ’ - — z 4 — -
(leopard = P ity e z _ —— -
- ‘ CONSUMER, . - T -
~ seconddty -~ ] ™ o
o CONSUMER 3 carnivere
£~ secondary secondary (Weddell -3
carnivore ~earnivore o seal)
" (emperor .
= penguin)

== = : i CONSUMER
CONSUMEA™ g W - CONSUMER prlmlar':f
ey — 0 - y . carnivore

Ea rniv:ru ' . ? s 7 E;:::::gm (blue whale)
(Adélie L (fishes, - (petrel)
penguin). T = squids)

PRIMAR ¥ CONSUMERS

herbivores (krill)

Figure 4'{,3‘_ : 'IDiagrﬁm'uf'an Antarcticfood web,

. PRIMAR Y PRODUCERS
showingsome of the major participants.

photoautotrophs (diatoms)




Tertiary
and
secondary
consumers

Wastes and
dead organisms

| —
Primary W’ : ,-"!r -~
consumers - oy

Producers oy e e ! f_',p..r .&i:?u

- o ol
(Plants, algae, Detritivores
phytoplankton) (Prokaryotes fungi- ~
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\ERGY
lANSFERS:

producers
(photosynthesizers)

energy lost at each
conversion step from one
trophic level to the next

B

LA

.,
e

Y

ergy
organic
1stes,
mains

energy
losses as
metabolic
heat and

as net
export from
ecosystem

herbivores

carnivores

decomposers

B a AT RTRURS LR = TTHATIRAHT el

|
~ ENERGY
INPUT:

—
<

energy
inputs,
outputs
also occur
between
the two

food webs

J Cenenay

ENERGY
TRANSFERS:
producers
(photosynthesizers)
energy lost at each
conversion step from one
trophic level to the next
P N =N
energy
energy losses :
in organic decomposers metabol
wastes, heat ani
remains as net
export
from
ecosyst
J L ENERGY o




TROPHIC LEVEL

Tertiary
consumers

Secondary
consumers

Primary
consumers

Producers

it e & 3

—— m—

EXAMPLE OF ORGANISM

=

Energy at each trophic level from 1,000,000 kcal of sunlight per m?2 per yr

DAddison Weshey Longman, Ine

KCAL/M%/YR

10

100

1,000

10,000



top carnivores 21 decomposers/detritivores
carnivores————~__|
herbivores————_ 383 9,000
3,368
producers 20,810

101 Brooks/Cole - Thomson Learning




ROPHIC LEVEL

secondary Human F]ﬂ-
*ONSUMers meat-eaters

2}
rimary Human o Cattle
onsumers  vegetarians n

roducers

Ihdddison Weskey Longman, Ing
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ENERGY

INPUT:
1,700.000
kilocalories
incoming solar energy
L not harnessed:
1,679,190
{98.8%) _‘\\'

20,810
ENERGY {1.2%)
TRANSFERS:

producers

energy still transferred energy losses as
in organic to the next metabolic heat and
wasltes and trophic level: as net export from
remains: J L the ecosystem:
/?f-.ﬂﬁ 3,368 131 93\

herbivores

L= =
¥ 720 2,265 5
L= =

* a0 2723

top carnivores

decomposers,
detritivores

N

ENERGY OUTPUT: 20,810 + 1,679,180

——
TOTAL ANNUAL ENERGY FLOW: 1,700,000
{10025



geochemical cycle

herbivores,

primary 4 carnivores
producers Garacites

detritivores,

decomposers

Q\




Biochemical and Nutrient Cycles
ERCERUBEE 33
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Solar
heat

) ] MNet movement

S of water vapor

Water vapor

 JWater vapor ... by wind (36) 4
™
“{ |over .}“E‘_‘Eﬂ R — over the land

Precipitation
over the land

Evaporation
and
transpiration

Evaporation
from the sea

Precipi-
tation

over the
sea
(283)
Oceans| §
Surface
/— water and
from land to sea | groundwater

(36)
DAddison Weskey Longman, Ing

7[' 1”1/’15":":1—%
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g R precipitation .
~  wind-driven water vapor onto land
111,000

0,0

precipitation evaporation from

from Dﬂéﬁl’l into ocean land plar_d:s . S 3 - )
385,000 {evapotranspir i . Sl :

surface and
groundwater flo
40,000
\




WwiJillwelilidiLlivil

(mg/liter™)

11

& Bt SR

- losses from
- disturbed watershed

= time of
— deforestation

losses from
undisturbed watershed

Jan 1966 Jan 1967 Jan 1968
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uptake by
autotrophs

MARINE DISSOLVED | "4 il DISSOLVED

FOOD INOCEAN |« e~ IN SOILWATER,

WEBS WATER ,ﬂh W LAKES, RIVERS
i

\b death, j \" death, )
decomposition decomposition
sedimentation settling out ., leaching, runoff
) 'Flf,
Jy l uplifting over f/ I

eologic time ||
] MARINE SEDIMENTS Ljp




of rock

Weathering_-

Phosphates
in rock

"

Phosphates
in solution

Rock =

Precipitated
(solid) phosphates

Wl e nn Wiaday | anceman e

Phosphates
in soil
(inorganic)

Detritus

Detritivores
in soil

N2
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Burning

%

CO, in atmosphere

Wood and
fossil fuels

I_“--‘_\_"H"'rl-l—\—_\..ll"

Detritivores
(soil microbes
and others)

DAddison Wesley Longman, Ing

Decomposition

D

lul irati Plants,
ﬁﬂd ular respiration By
% cyanobacteria

Higher-level
Wl'lﬁdl.rl mers

<

Photosynthesis

Primary
consumers

Detritus <
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diffusion between ¢
atmosphere and ocean ; ATMOSPHERE
- - i 5 - : ‘- {malnly carbon dioxide)

LA\4

y g

/

W
W
2 , !

BICARBONATE = combination of fossil fuels %\} W, L4

AND CARBONATE \, 28

R et T o
B photosynthes(s aerobic ot wood (lor clearing S
o L resplradn land; o for fuel)"

~—agrohic
respiration

LAND FOOD WEBS
producers, consumers,
decomposers, detritivores

MARINE FOOD WEBS
producers, consumers,

decomposers, detritivores
SOILWATER

J A ) (I I | ! ! [ i e \ ‘h' "J Y
Wi 1" (dissolved carbon) {8 Y § R R
ration death, uplift over . b T Y

diments  sedimentation geologic time

g’ i PEAT,
: , death, burial, compact&nwvergeologlclime C % FOSSIL FUELS
whe X
l I sedimentation - . ’ \ - .
ﬁ.l |!3Chiﬂﬂ|
MARINE SEDIMENTS, INCLUDING ' o« Tunoff
FORMATIONS WITH FOSSIL FUELS '
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Parts per Million (ppm) CO5
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ENERGY CONSUMPTION PER CAPITA
FOR SELECTED COUNTRIES (1991)

Country Population Energy per Person
(rmilliorns) (gigajoules™)
Bangladesh 116.6 2
Nigeria 991 )
INndia s59.2 =
Indonesia 181.4 10
Brazil 163.3 23
China 1.151.3 23
Turkew 58.5 30
Mexico 85.7 56
Japan 123.8 140
Germany 795 187
Sowviet Unionrn 292 .0 193

(former)

United States 2528 320

=1 gigajoule = 239,000 kcal



Nitrogen (N.,) in atmosphere

Amino acids
and proteins in

) i I
i LH_;'“" plants and animals
Denitrifying plants 4" b
bacteria
I Detritus Nitrogen-fixing
— bacteria in root
Nitrates @ nodules of legumes
o) >~
Dg 0 Datrltlvnras?_{t,?_[, Nitrogen-
e fixing
Nitrifying Decomposition bacteria
bacteria Hﬂrﬂgen in soil

20

45

DAddison Weaeskey Longman Iﬁ:fi'—
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DDT concentration:
increase of
10 million times

DDT in
fish-eating
birds

25 ppm

DDT in
large fish
2 ppm

DDT in
small fish
0.5 ppm

DDTin
zooplankton
0.04 ppm

'DDTlnw'atér' o hs
0.000003 ppm -

& (5 ’z‘i '
wﬂ-ﬂdsun Wesiey Vengman, 1da
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physical factors can be limiting

Minimum

Number of organisms

Abundant
organisms

) ___Toolittle | Limiting factors |____Too much N




Wind is a powerful environmental
factor 1n some ecosystem




Hawik

Snakes

1,500,000 Grasses

(a) Grassland community

Carnivorous

1,000 insects

Herbivorous

1,200 insects

(c) Biomass of forest community

Herbivorous
insects

(h) Forest community

Zooplankton

Phytoplankton
(mg/m?3}
() Biomass of aquatic community

(e) Energy levels of a stable community

{keal/day)



Figure 16-10

Top carnivores Tertiary consumers

Carnivores Secondary consumers
Herbivores

Primary consumers

Flants Primary producers
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Figure 16-19

Estimated human
population

Time

]

10,000 BC 1,000,000
8,000 BC 5,000,000
1700 AD 500,000,000
1830 1,000,000,000
1910 2,000,000,000
2000 6,000,000,000
Hunting 2050 12,000,000,000
and gathering 1 Industrial

phase Agricultural phase phase

|

—
|

2-5 Million 8000 7000 6000 5000 4000 3000 2000 1000 BCIAD 1000 2000
years

on

I

oo
Billions of people

M2




 ° 4 7 ~N\ N\

(a) Rapid growth (b) Slow growth (¢) Decling in growth
Kenya United States Austria
Male [l Female Male | B Female Male [T} Female

1086 420246 810 6420246 6420246
Percentage of population Percentage of population Percentage of population







30% reflected
immediately

Incoming light
100%
20% lost
to space
from upper  20% absorbed
atmosphere resaggoes
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by Earth
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Figure 16-28

Top
Carnivores

Carnivores

Herbivores

Plants
(producers)
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