Ecological Principles for Natural
Resource Management

e ODbjectives

— Basic ecological principles that are important
for understanding natural resources and their
management

* Plant and ecosystem focus
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Resource Management

e Definitions
— Natural resources

— Natural resource management
e Renewable vs. nonrenewable
e Sustainable vs. non-sustainable
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« Definitions
— Ecology
— Ecological Hierarchy
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* Ecological Hierarchy

Communities
Landscapes

Biosphere
Ecosystems

Organisms (Individuals)

Populations
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* Ecological Hierarchy
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Ecological Principles for Natural
Resource Management

o Definitions
— Ecosystem ecology

— Ecosystem
e Biotic components
« Abiotic components
e Ecosystem Attributes
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e Spatial scales of Ecosystems

a) Global ecosystem

H

5,000 km

How does carbon loss
from plowed soils
influence global climate?

b) Watershed

How does
deforestation
influence the
water supply to
neighboring towns?

How does acid rain
influence forest
productivity?

d) Endolithic ecosystem
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 Ecosystem (& Soil) Development & Processes

Topography
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e Climate - Solar Radiation

sEarth’s solar
energy budget

Over a yealr,
Inputs = Outputs

Figure 4.1 Disposition of solar epergy reaching Earth's atmosphere,
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e Climate - Solar Radiation

Sun

(not to scale)
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e Climate - Solar Radiation
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e Climate - Solar Radiation

Hadley Cell Circulation Coriolis Effect
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Where is productivity highest? Lowest?
What are the latitudinal patterns? Other patterns?

Net Primary Productivity

I Mt Primary Prades thvity (kg-C dmd Pyaar)
| D |

Atlas of the Binsphere-

center for Sustainability and the Global Environment
University of Wisconsin - Madton




How do temperature patterns compare with those of NPP?
Net Primary Productivity
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How do precipitation patterns compare with those of NPP?
Net Primary Productivity

i sz Primary Peodocehvity {kg-C/m T fynar) |

Annual Total Precipitation
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|s temperature or precipitation a better predictor of NPP?
Net Primary Productivity

l shan B rimary Prodo: ety (kg-C fm 2 iynar}

Annual Total Precipitation Average Annual Temperature
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» Climate - Ecosystem Types

Tropical rain forest
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e Climate - Global Biome Types
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* Regional Climate - Orographic Effect
— Oahu
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Life Zone Map of O'ahu

Based on the Worid Life Zone System of L. R. Holdridge
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Author: Tesi, J; Watson, V; Bolafios, R.
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* Regional Climate - Orographic Effect
— Hawall
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* Regional Climate - Orographic Effect

Leeward
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* Local Climate - Elevation & Aspect

Elevation
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 Solar Radiation - Photosynthesis
&
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* Photosynthesis

Light
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 Ecosystem Water Budget

H‘ivj Transpiration

Precipitation

Inferception/
Cvaporafion

Inputs - Outputs = DStorage

Evaporation
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o Water Budget - Transpiration

Sunlight
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Soils - So much more than dirt!

Rove beetle Carpenter ant

Constricting
fungi killing
a nematode

Springtail

Protozoans
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e Carbon Cycling - Energy cycling

Respiration
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e Carbon Cycling - Trophic Chains

Grazing food chain Detrital food chain
R R

Decomposer
herbivores

Net primary
production
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e Carbon Cycling - Trophic Pyramid

C2 4 D2
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* Nutrient Cycling & Uptake
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* Nutrient Cycling & Uptake

Inputs - Outputs = DS
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* Nutrient Cycling & Uptake

Translocation

Inputs - Outputs = DS

Gaseous
Loss

Aboveground
Proﬂﬁg;ion Table 7.1. Major Sources of Nutrients that Are Absorbed by Plants®.
Source of plant nutrient (% of total)
Nutrient Deposition/fixation | Weathering Recycling
* Temperate forest (Hubbard Brook)
Nitrogen 7 0 93
Organic Matter Phosphorus 1 <10 >89
Belowground Fo;;ifllﬂfgg?l"d Potassium 2 10 88
__—Prolaltl::trlon Calcium 4 31 65
Tundra (Barrow)
Nitrogen 4 0 96
Decomposition Phosphorus 4 <1 96
Nutrient Uptake and
and Ass.mﬂauonN — Mineralization  Data from (Whittaker et al. 1979, Chapin et al. 1980b)

Soil Solutlon

Mineral
Weatherina
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* Ecological Hierarchy - Populations
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* Populations - Size

Immigration Natality
Population
increasers
Population
Population
decreasers
Emigration Mortality
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* Populations - Size
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* Populations - Growth Rate
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* Populations - Distribution
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* Populations - Structure

Single Species Mixed Species

Number of

Number of

o trees per acre —=- , irees per acre —
o
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D.B.H—— - Two-aged stand
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* Ecological Hierarchy - Communities

«. | Ne biosphere o M

a : Landscapes ..
e Ecosystems -
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« Communities - Interspecific Interactions

Table 15-2 Types of Interspecific Interactions

Effect
Category of Type of ect on

Interaction Interaction Species A Species B

Symbiosis  Mutualism +
Commensalism

Antagonism Exploitation
physical

+
o +

parasitism

predation
Antibiosis, including

allelopathy
Competition - —

+ 4+ + +
B
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e Communities - Mutualism (+ , +)

N-fixation

(root nodule) & Mycorrizhae

| Lichens
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« Communities - Commensalism (+, 0)

Facilitation
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« Communities - Parasitism (+ , -)

Korthalsella sp.
(HI Mistletoe)
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« Communities - Predation (+ , -)
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« Communities - Competition (-, -)
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« Communities - Competition (Niche)
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« Communities - Competitive Exclusion

A Species A Species B
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« Communities - Competitive Exclusion

Species A Species B
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« Communities - Resource Partitioning
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« Communities - Ecological Succession
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Primary Succession
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Secondary Succession
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« Communities - Disturbances (Fire)
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« Communities - Disturbances (Wind)
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« Communities - Disturbances (DIPs)
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« Communities - Disturbances (Humans)
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« Communities - Ecological Succession
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PERCENT OF CLIMAX
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« Communities - Ecological Succession
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 Ecology Matters

— Natural resource management = the
application of ecological principles to the
management of natural resources

— To manage biota, you have to understand
ecology
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