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ENERGY FANMKO NUTRIENT CYCLING:
THE RELATIONSHIPS

Energy flowddirectionally.

e Enter as sunlighor inorganic molecules
eat s (chemoautotrophs).
e EXit as heat.

However, the matter that

BIOGEOCHEMICAL CYCLES

2 Inorganic

e N S makes up nutrients is recycled.

Pool

The flow of energy and the cycling of nutrients. The dark green lines
represent the movement of nutrients and the dashed lines represent the
movement of energy




ENERGY TRANSFORNATINN
ELEMENT CYCLING

Organisms carryout the biochemicaltransformations, moving
chemical elementghrough their cycles.

Assimilation transformationsthat incorporate inorganic forms of elements into
the molecules obrganisms

Dissimilation: transformation of organic carbon back to amorganic form,
accompanied by the release of energy

Chemical transformations can also occur outside organisms.

Geologyand chemistry have major roles in thprocess.
Hence the recycling of inorganic matter is called a biogeochemioaycle.




BIOGEOCHEMICAL
& EARTH

Biogeochemical cycles: the chemical
Interactions between the fourspheres.

Driven by the abiotic ghysico-chemical)
and biotic processes.

The elements cycle In either gas cycle or
a sedimentarycycle.

In a gas cycle, elements move through the
atmosphere.

In a sedimentarycycle,elements move from land
to water to sediment.

[Interface of spheres]Lamiot, via
WikimediaCommons, CBY-SA3.0.




Organic forms
A

Inorganic forms
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THE MODBHEELEMENTS CYCLING

Biological processes (faster)
A,

Geologic processes (slower)
A

Autotrophic

bactena, plants, algae

>

Assimilation
(photosynthesis)

Atmosphere

Microbes

i

Ecosystems can be

Dissimilation (respiration,

excretion, leaching)

-

U
Soil

l

Water

Sediments

= Inaccessible .
o compons modeled as a series of
linked compartments.
Erosion,
buming of
fossil fuels
— Weathering | Thecycling of elements through ecosystems
‘ modeledas a set ofcompartments Withineach
: : compartment (e.g. elements in organic forms),
EReeR naccessible . .
-  inorganic compounds there aresubcompartments(animals, detritus,
R one: YarRes mineraks) autotrophs, microbes).
Sedimentary 1
rock formation

[Figure23.3],Ricklefs 2008, The Economy of Nature" @d. NY:
W. H. Freeman and Companysed under a Fair Use rationale.




BUDGETS

Nutrients are gained and lost by
ecosystems In a variety of ways.

The budget may be:

More or less in balance.

Inputs exceed outputs (nutrient
accumulates).

Outputs may exceed inputs (nutrients
loss).




BIOGEOCHEMIOALLES

Water (H & O) wa» Carbon

Essentialfor living organisms; A component of organic
makes up a major part of the body. macromolecules and fossil fuels.

Nitrogen Phosphorus

A key part of nuclei@cids & proteins.

. . . Akey part of nucleicacids, cell
Important ingredient of artificial

membranes, andbones.

fertilizers.
Sulfur Oxygen
A key part oprotein structure. Important in cellular respiration,

A component of fossil fuels. transforming food into energy.




ELEMENT CYCL

Three components:
wé UUz A3 Up P
Fluxes in and out opools;

Chemical or biochemical
transformations.

Transformations are important;
can lead to positive & negative
consequences.







GLOBAYDROLOGIC CYCLE

Represents the difference _

between evaporation and RESERVOIFEOCeans, air (as water
Atmospheric precipitation over the sea,
CEAE | 425-385-40 vapor), groundwater, lakes and

glaciers; evaporation, wind and
precipitation (rain) move water
from oceans taand.

Net movement of |
& water vapor by wind J—a ~1
40

Precipitation
over the land

Evaporanon
and transpuauon
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R N\ | ) RELEASEEplants transpire,
Waterconien ol DI st and =3 o o animals breathe and expel liquid

of sedimentary rocks | oarred e ) groundwater

ASSIMILATION€eplants absorb

Evaporation Precipitaﬁonl water from the ground, animals
om sea over the sea ]
425 385 drink water or eat other

HYDROLOGIC CYCLE

organisms which are composed
mostly of water.

near earth's surface - > | 40 =508 | Represents the difference WaSteS .
210,000 B | between terrestrial precipitation
and evapotranspiration
e (111 = 71 = 40)
| TR — The global hydrologic cycle is analogous to the cycle of chemical

| of the oceans .
[Figure23.4],Ricklefs 2008, The Economy of | 1,380,000 |
Nature. 8" ed. NY: W. H. Freeman and Company. | /_.,
Used under a Fair Use rationale. |

elements. Dark boxes = the estimated sizes of compartments (in
teraton, TT); light boxes = transfer between compartments (TT/year).




THE GLOBAL HUMABEGRATED WATER CY

Legend

Pools
Fluxes
@®Pollution

Total water on Earth: 1,388,930,000 cubic kilometers.
Total water movement on Earth:
8,250,000 cubic kilometers per year.

Human water use equals 53% of global river discharge.

Land pre ".ltatlon 1.2%

Land evapotransplratlon 0.84% e
: ~|lce sheets and glaciers 1. 86%

Water in the atmosphere 0.0009%

Ocean to land atmospheric flux 0.56%

Ocean evaporation 5.1%

Ocean 96.5% a0

Interbasin ocean circulation 60.6%

Vertical ocean circulation
25.5%

HYDROLOGIC CYCLE




HUMAN IMPATOWATER CYCLE

Freshwater and wastewater cycle : : .
Water withdrawal and pollutant discharge | Deg rade water q ual |ty by addi non utrients N 021 N Osu

PQO,) and destroying wetlands (natural filters).

Rain . N Water withdrawal from streams, lakes
ehetmspan and groundwater (salt water intrusion
and groundwater depletion). Deforestation for

agriculture,
mining, road and
[ Global water withdrawal A

U percentage by sector bU|Id|ng
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HYDROLOGIC CYCLE

. construction
. Sy e i oscrare (nonpointsource
Domestic : i
— i runoff carrying
0od provision
—  Reusing processed poIIutantS and
sewage
O\\N Drinking water treatment / reduced reCharge
R cvage shige of groundwater).
it Ecosyst -
o B - /N clarity by
e ALL S~ Naille  euu clearing
pf _ vegetation and
e ABRee increasing soll
Sources: WHO; FAO; UNESCO; IWMI. erosion.

GRIDArendal, https://flic.kr/p/QHYgHWCC BWGSA 2.0.



TOWATER CYCLE

40% evapotranspiration 30% evapotranspiration

Prpe—
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runoff B - -
HEER, ESEE
mm =4 e
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mm =B i
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25% shallow 10% shallow :
infiltration i
25% deep R 5% deep
infiltration infiltration
Natural Ground Cover 75%=100% Impervious Cover

US Environmental ProtectioAgency, via Wikimedia Commons, Public Domain






CARBOGBIYCLE

Carbon Is the backbone of life.
Required for building organic
compounds.

Carbon isan energy source.

Makes up the fossifuels that are used
today as energysources.

Also the cause of a majaglobal
environmental concern (C6).

Granitethighs via Wikimedia CommonsCCBY-SA 3.0.



