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w.. ECosystem Ecology. . L Eeesystems as machines...
ead Chps 18-19 (know N, P, C cycles) :
tem: A community of organisms

itS its nonlinving (=abiotic) environment

tthe individual level, the abiotic C
vironment affects organisms (physiology, : ‘mostly non-evolutionary

— — behavior, etc.) : more non-biological processes (chemistry,

- & At the whole community level, organisms : physics)

can also affect the abiotic environment — Laws of physics determine a lot of what goes
on in ecosystems

stems process matter and energy

tinctly different approach from
dividual, population, & community

—

imple laws of physics

; doing work
anged in form otential -- energy stored (e.g., in chemical
€onservation of energy -- energy is QR Viithin living organisms)
ither created nor destroyed, only #=Consequence of entropy
~changed in form material moves spontaneously down a

Entropy -- Any transfer or change of [ mon gradient =
energy cannot be 100% efficient. Some —the reverse requires expenditure of energy

energy is degraded to lower quality, less - Orga_nisms move ma'tter up concentration
useful energy (=heat) gradients by expending energy
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gy. flows within ecosystems.

very transfer results in reduction in
usable energy (production of some
heat)
® |nput is energy from nonliving sources,
primarily the sun via photosynthesis

Energy flow
in
ecosystems

Inedible -- Eaten by primary Not eaten --
to decomposers consumers to decomposers
70% of NPP 0.45% of NPP 29.55% of NPP

ophic levels: steps'in energy transfer

gl tropic level -- Primary consumers

'eterotrophs consume primary producers (herbivores)
trophic level -- Secondary consumers

heterotrophs consume primary consumers (carnivores)

~* 4th trophic level -- Tertiary consumers

— heterotrophs consume secondary consumers
(carnivores)

* Decomposers -- mostly bacteria & fungi

— heterotrophs that consume dead organisms
(detritivores)

Energy flow
in
ecosystems

Primary consumer
production (~0.1% of NPP)

Stored in Animal Tissue
Secondary consumer production
~0.00026% of NPP




st energy is either:
=Respired (work, entropy)
=Unused (to decomposers)
Patterns vary a lot globally

= ¢ Ffficiency: Proportion of available

energy at one point in a food chain that is
transferred to another point

15%
— herbivore (foliage) 30%
— carnivore 96%
* Growth efficiencies:
— Ectotherms 33%
— Endotherms 5%

Trophic level

Assimilation
Efficiency
Al
Assimilated | A, Growth
Respired Efficiency
Net production| NP, Ll
Death «— }

Exploitation
Ingested

Efficiency
los1 /NP,

Ecological Efficiency or
Lindemann Efficiency

ery element of any biological
ignificance is cycled within ecosystems

7C, N, P, S, others

® Cycled from organisms to nonliving
environment and back to organisms

* Example: Carbon cycle




6 CO, + 6 H,0 — C;H,,0, + 6 O,

~ * Respiration:

—CgHy,05+ 60, — 6CO, + 6 H,0

Carbon cycle

frent CO, ~391.03 ppm and rising

- - CARBON IN
PHOTOSYNTHESIS ORGANISMS

GLUCOSE / F
\ RESPIRATION «K :

= CARBON IN
AV ERE DEAD ORGANISMS

/
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= IL
FUELS

carbonate

fuels & Carbon Cycle

urn fossil fuels at a high rate
*Carbon stored over millions of years
released to atmosphere in a few
ecades

Atmospheric CO, increases




Mauna Loa Monthly Mean Carbon Dioxide
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Ihe Asequences.of COs«inerease ™
Greenhouse Effect
radiation - heats

Ple light hits earth - reradiated as infrared
2nhouse effect -- heats atmosphere
“Expectation: with addition of more CO,,
- climate of earth changes
® Global climate change
— “Global warming”




0, CH,, N,O, & rouroc:arbons also
orb infrared radiation

PAISO increased by human activities
CH, absorbs 25X more infrared than CO,

~ * N,O absorbs 320X more infrared than CO,

limate warming
ative to 1961-1990) r n

Global Temperature Changes (1861-1996)
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Year
Source: IPCC (1995}, updated.
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* Microbial activity in soil | » Wetlands
* Termites
* Oceans & freshwater

« Fossil fuel « Land clearing * Fossil fuel mining &
combustion  Biomass burning processing
« Net emissions | » Fossil fuel combustion | ¢ Rice paddies
from changes in | « Nitrogenous fertilizer « Enteric fermentation
tropical land use * Animal waste
» Domestic sewage
treatment
* Landfills
 Biomass burning

Local changes variable

Temperature and Precipitation Trends, 1900 to Present

Temperature Precipitation

Red circles reflect warmming;
Blue circles reflect eocling

Red circles reflect increasing precipitation;
Blue circles reflect decrenging precipitation

Note: Cooling in southeast U.S. may be due to ailfate acrosol influence

Sowrce: Karl < al, (1996]




ese changes predicted by...
eenhouse models?
Shtury -- average temperature ff by ~ 0.3 to

years -- average temperature ! by ~ 0.2 to E 3 R
3°C nange In solar Input = raise temperature
limate models based only on greenhouse gases ' e in summer than in winter
— predict !l of 1.0°C Predict: Amplitude of seasonal
*-Improved models incorporate aerosols (small - temperature cycle should increase
particles) that reflect solar radiation
® Yield much more accurate predictions (global &
local)

Data on

amplitude of-
| seasonal
“cycle
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Amplitude of annual cycle (°C)

average temperature f1 1.0 - 3.5°C (now to
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average precipitation I, mostly in winter
summers may be drier
Predicted based on CO, — lots of local variation

— predicted loss of vegetation biomass in
tropical rainforests

1840 1880 1920 1960 i I : ”
Calendar date —much more to this than “global warming
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Change in temperature from 1854-1910 average (° C)

-0.21




ural ecosystems
listributions change
‘productivity, energy flow, cycles change

= Predictions have high uncertainty

ITE Edinburgh

kgC/ma

Change in vegetation biomass between the 1990s and the 2080s in
response to climate change due to unmitigated emissions.

onsequences —— € consequences
effects (direct & indirect) jriculture
€ nportance of location
pical diseases Jorthern areas: agricultural production

Dengue increases
Yellow fever ® Greater duration of growing season
® Malaria ~— * Greater CO,
® Shistosomiasis = — South: Europe, S. America: production declines
* Reduced precipitation
® Summer drought

® Uncertainty high

—Dependent also on land use changes
® Uncertainty high




onsequences

10 - 25 cm in past 100 years
= Predict +45 cm by 2100
= &New York, Baltimore, Miami

* Netherlands, Bangladesh
—Causes

® Expansion

* Melt

® Antarctic ice surge

crease CO,
[edicted to produce climate change
 Effects uncertain

~ & Uncertain costs vs. known economic
benefits

® Action?

Human Activities That
Increase Greenhouse Gases
&0
50 3
ITE
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Percerit of Contribution
Toward Global Warming

ific Americam
©G Figure 26 Tuly 1350

duce greenhouse gas emissions
iven:
= Economic benefits of fossil fuel use
' Growing population
Economic development
® Adaptation to climate change seems
likely.
* However, reducing emissions is possible
® Expect elected officials to address
the issue




Year Total Population Per capita
(Millions) . . emissions
(tCO€)

1998 - 18.75 27.6

8 pO=30:25 21.9

1998 : 5.30 14.1

1998 6 5840 8.2

1998 4 8205 11.9

3 : 1998 ; 371 15.4

;onsumption 1998 .8 5759 9.0
= 1997 4 126,09 102

1998 2% = 15570

1998 . 3.79

1998 : 4.43

1996

1998

1998

1998

1998

World Bank 2001

Uitference between HadUMOATE 1¥/Us and ZUsUs
OJF Meon Precipitation Chonge mm/day
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