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ENERGY FLUX AND NUTRIENT CYCLING:
THE RELATIONSHIPS

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 flows directionally.
ėEnter as sunlight or inorganic molecules 

(chemoautotrophs).
ėExit as heat.

However, the matter that 
makes up nutrients is recycled. 

.
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ENERGY TRANSFORMATION IS LINKED WITH 
ELEMENT CYCLING

Organisms carry out the biochemical transformations, moving 
chemical elements through their cycles.

ė Assimilation: transformations that incorporate inorganic forms of elements into 
the molecules of organisms 

ėDissimilation: transformation of organic carbon back to an inorganic form, 
accompanied by the release of energy

Chemical transformations can also occur outside organisms.
Geology and chemistry have major roles in the process.

ėHence the recycling of inorganic matter is called a biogeochemical cycle.
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BIOGEOCHEMICAL CYCLES
& EARTH SYSTEM

Biogeochemical cycles: the chemical 
interactions between the four -spheres.
Driven by the abiotic (physico-chemical) 

and biotic processes.
The elements cycle in either a gas cycle or 

a sedimentarycycle.
ė In a gas cycle, elements move through the 

atmosphere.
ė In a sedimentarycycle, elements move from land 

to water to sediment.

[Interface of spheres], Lamiot, via 
Wikimedia Commons, CC BY-SA 3.0.



Ecosystems can be 
modeled as a series of 
linked compartments. 8
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THE MODEL OF ELEMENTS CYCLING 
THROUGH ECOSYSTEMS

The cycling of elements through ecosystems 
modeled as a set of compartments. Within each 
compartment (e.g. elements in organic forms), 
there are subcompartments(animals, detritus, 
autotrophs, microbes).

[Figure 23.3], Ricklefs, 2008, The Economy of Nature. 6th ed. NY: 
W. H. Freeman and Company. Used under a Fair Use rationale.
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Nutrients are gained and lost by 
ecosystems in a variety of ways.

The budget may be:
ėMore or less in balance.

ė Inputs exceed outputs (nutrient 
accumulates).

ėOutputs may exceed inputs (nutrients 
loss).  

NUTRIENT BUDGETS



THE KEY 
BIOGEOCHEMICAL CYCLES
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Water (H & O)
Essential for living organisms; 

makes up a major part of the body.

Carbon
A component of organic 

macromolecules and fossil fuels.

Nitrogen
A key part of nucleic acids & proteins.

Important ingredient of artificial 
fertilizers. 

Phosphorus
A key part of nucleic acids, cell 

membranes, and bones.

Sulfur
A key part of protein structure. 

A component of fossil fuels.

Oxygen
Important in cellular respiration, 
transforming food into energy.
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Three components:
1. ѭëǕǕƺȂѮ ǕǷ ǷŮȂŮǷȩǕƝǷȂљ

2. Fluxes in and out of pools;
3. Chemical or biochemical 

transformations.

Transformations are important; 
can lead to positive & negative 

consequences.

COMPONENTS OF EACH 
ELEMENT CYCLE
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GLOBALHYDROLOGIC CYCLE 
RESERVOIRѥoceans, air (as water 

vapor), groundwater, lakes and 
glaciers; evaporation, wind and 
precipitation (rain) move water 

from oceans to land.

ASSIMILATIONѥplants absorb 
water from the ground, animals 

drink water or eat other 
organisms which are composed 

mostly of water.

RELEASEѥplants transpire, 
animals breathe and expel liquid 

wastes.

The global hydrologic cycle is analogous to the cycle of chemical 
elements. Dark boxes = the estimated sizes of compartments (in 

teraton, TT); light boxes = transfer between compartments (TT/year).[Figure 23.4], Ricklefs, 2008, The Economy of 
Nature. 6th ed. NY: W. H. Freeman and Company. 
Used under a Fair Use rationale.
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THE GLOBAL HUMAN-INTEGRATED WATER CYCLE 

ѭGlobal Water CycleѮ, LangeLeslieand Anna Wright, via Wikimedia Commons, CC BY-SA 4.0
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HUMAN IMPACTS TO WATER CYCLE

Degrade water 
clarity by 
clearing 
vegetation and 
increasing soil 
erosion.

Water withdrawal from streams, lakes 
and groundwater (salt water intrusion 
and groundwater depletion).

Degrade water quality by adding nutrients (NO2, NO3, 
PO4) and destroying wetlands (natural filters).

Deforestation for 
agriculture, 
mining, road and 
building 
construction 
(nonpoint source 
runoff carrying 
pollutants and 
reduced recharge 
of groundwater).

GRID-Arendal, https://flic.kr/p/QHYgHw, CC BY-NC-SA 2.0.
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HUMAN IMPACTS TO WATER CYCLE

US Environmental Protection Agency, via Wikimedia Commons, Public Domain
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Carbon is the backbone of life.
ėRequired for building organic 

compounds.
Carbon is an energy source.

ėMakes up the fossil fuels that are used 
today as energy sources. 

ėAlso the cause of a major global 
environmental concern (CO2).

IMPORTANCE OF
CARBON CYCLE 

Granitethighs, via Wikimedia Commons,  CC BY-SA 3.0.  


