
Sustaining Terrestrial Biodiversity:  

The Ecosystem Approach 

Chapter 10 



10-1 What Are the Major Threats  

to Forest Ecosystems? (1) 

 Concept 10-1A  Forest ecosystems provide 

ecological services far greater in value than the 

value of raw materials obtained from forests.  

 

 Concept 10-1B  Unsustainable cutting and 

burning of forests, along with diseases and 

insects, are the chief threats to forest 

ecosystems.  

 



10-1 What Are the Major Threats  

to Forest Ecosystems? (2) 

 Concept 10-1C Tropical deforestation is a 

potentially catastrophic problem because of the 

vital ecological services at risk, the high rate of 

tropical deforestation, and its growing 

contribution to global warming [aka climate 

change]. 

 



Natural Capital: An Old-Growth Forest 

and an Old-Growth Tropical Forest 



Old Growth Forests 

Old growth forests are 
climax communities 

that have remained 
undisturbed by large 

scale natural events (e.g. 
fire) or human 

interference for 
hundreds of years. 

 

Old growth forests are 
ecologically significant 

because of their high and 
often unique biodiversity.  
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Old Growth Forest 

 An old-growth forest — also termed primary 

forest, virgin forest, primeval forest, ancient 

woodland — is a forest that has attained great 

age without significant disturbance and thereby 

exhibits unique ecological features and might be 

classified as a climax community. 



Reclaiming Old Growth Forest 



The pace of deforestation has accelerated so rapidly over the past 

200 years that today our planet harbors only one-quarter of its 

original old-growth forest—i.e., forest that has never been logged 

or cleared. 

Five Major Old Growth Forests 

Exist Today 



North American Forests 

 In the United States alone 
there are 749 million 
acres of forest. 

Of this 67.5% is 
timberland (potentially 
able to be logged) 

7% is reserve land 

25.5% are non commercial 
forest types 

Coniferous forest 

Rainforest 

Alpine 

Tundra 

Deciduous forest 

Desert 

Mediterranean 

Grassland 



Rainforest 
Layers 



‣ The reduced sunlight beneath 
large canopy trees impedes the 
growth of the saplings below.  

‣ When a large tree falls, a crucial 
hole opens in the canopy (gap), 
allowing sunlight to reach the 
saplings below. 

‣ The forest regeneration following 
the loss of a predominant canopy 
tree is called gap regeneration. 

‣ Gap regeneration is an example of 
secondary succession.  

Gap Regeneration 



How a rainforest Rains 
 

 Your drawing here:  

 

 

 

 

 

 

 

 

 

 

Amazon Rainforest clip (2:42): http://youtu.be/3TsT9q-

BScs 

http://youtu.be/3TsT9q-BScs
http://youtu.be/3TsT9q-BScs
http://youtu.be/3TsT9q-BScs


A Forest Watershed 
This diagram shows the 

effects of trees in: 

• evaporating water 

• preventing erosion  

• providing habitats for 

wildlife. 

 

What happens when the 

trees are gone? 

 

Should all streams have 

“stream-protection 

zones” where no logging 

etc. is allowed? If so how 

wide should this buffer 

be? 

 

Look @ the “riparian” 

zone above 



Forest Products 

Removal of timber from both 
private and national forest in 
the U.S. has remained steady 

since the middle of the last 
decade. 
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Forests Provide Important Economic  

and Ecological Services (1) 

 Support energy flow and chemical cycling 

(Carbon sinks) 

 Reduce soil erosion  

 Absorb and release water 

 Purify water and air – Oxygen!! 

 Influence local and regional climate 

 Store atmospheric carbon 

 Provide habitats 

 



Forests Provide Important Economic  

and Ecological Services (2) 

 Wood for fuel 

 Lumber 

 Pulp to make paper 

 Recreation 

 Employment 

 



Estimated Annual Global Economic Values 

of Ecological Services Provided by Forests 



Unsustainable Logging is a Major Threat 

to Forest Ecosystems 



We Have Cut Down Almost Half  

of the World’s Forests 

 Deforestation 

• Tropical forests 

• Especially in Latin America, Indonesia, and Africa 

• Boreal forests 

• Especially in Alaska, Canada, Scandinavia, and 

Russia 



Causes of Deforestation 

As populations grow we cut for two main reasons 

1. Clear land for agriculture & housing 

2. For goods, such as lumber, paper, fuel etc. 

 

World Firewood Shortage 

• 63% of all wood produced is used for 
firewood 

 

Indirect Deforestation 

• Killing of forests due to pollution or disease. 

 



 Different logging methods have different effects on 
the structure of a forest ecosystem. The two common 
methods used are: 

Clear-felling (or clear-cutting) exposes 
soil to erosion and results in less 
diverse regrowth. 

Selective logging has many variations,  
including a focus on particular species  
or thinning of small trees. 

Types of selective logging include  
harvesting: 

Single scattered trees 

Trees above a specified girth 

Selected groups of trees 



Unsustainable Logging is a Major Threat 

to Forest Ecosystems (1) 

 Increased erosion 

 

 Sediment runoff into waterways 

 

 Habitat fragmentation 

 

 Loss of biodiversity 



Unsustainable Logging is a Major Threat 

to Forest Ecosystems (2) 

 

 Major tree harvesting methods: 

• Selective cutting 

• Clear-cutting 

• Strip cutting 

Clear-cut logging in Washington State 



Fig. 10-6a, p. 219 

Stepped Art 

(b) Clear-cutting 

Muddy 

stream 

Uncut 

Cut 1 year ago 

Dirt road 

Cut 3–10 years ago 

Uncut 

Clear stream 

(a) Selective cutting 

(c) Strip cutting 

Clear stream 



Trade-offs: Advantages and 

Disadvantages of Clear-Cutting Forests 



 A selection of mature forest is selected for removal based on 
tree height, girth, or species. 

 During clear cutting, the understory is destroyed and a new 
forest of economically desirable trees may be planted. 

Clear Cutting 

Seedlings of the same 

species are replanted All the trees 

are removed 

A mature plantation forest 

is selected for harvesting 

The trees may be of 

a single species 

and may even be 

clones 



Strip Cutting 
 Strip cutting is a variation of clear cutting. 

• Trees are cut down in strips narrow enough for forest on 
either side to reclaim the cleared land. 

• After reclamation (3-5 years) the next strip is cut. 

• A strip will not be cut again for another 20 - 30 years.  

Re-established forest 

Forest 6-10 years 

after cutting 

Forest 3-5 years 

after cutting 

Newly cut 
Uncut forest 



 Trees are selected for removal from a mature forest based on 
their height, girth, or species.  

 These trees are felled individually and directed to fall in such a 
way as to minimize the damage to the surrounding younger trees. 

Selective Logging 

Mature trees are pre-

selected for harvesting 

Usually, the trees are 

replaced with seedlings 

of the same species 

The trees are removed 

with minimal 

disturbance 

Continual regeneration of young 

seedlings provides a balance of tree ages 

that mirrors the natural age structure 



Commercial Plantations 
 Commercial plantations are 

specifically planted and grown for 
the production of timber and timber 
based products. 
 

 They consist of a tree monoculture 
that is fast growing and produces 
straight, tall trunks ideal for logging 
and milling. 
 

 Pinus radiata (monterey or radiata 
pine) is popular as a commercial 
timber tree as it is fast growing, 
produces strong general purpose 
timber, and is ready for logging just 
twenty years after planting. 

Pinus radiata is the leading commercial timber 

tree in many countries. The Kaingaroa Forest 

in New Zealand is the Southern Hemisphere’s 

largest planted forest, covering 2,900 km2 
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Forest Fires 

 Forest fires are a natural 
forest development and 
may naturally occur as a 
result of: 
• lightning strikes  

• concentration of heat on 
dry tinder. 

 In some situations, forestry 
or fire services start 
controlled burns to 
remove dry tinder and 
material that could lead to 
potentially uncontrollable 
fires in the future. 
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Types of fires 
Surface fires 

• Burns undergrowth and leaf litter 

• Kills seedlings & small trees 

• Stimulates germination for some species (giant sequoia & Jack 
Pine) 

Crown fires 
• Occurs in forests that have not had surface fires for a very long 

time 

• Extremely hot! 

• Leap from treetop to treetop 

• Kills wildlife & increases soil erosion 

Ground fires 
• Occur underground, burn partially decayed leaves 

• Common in peat bogs 

• Difficult to extinguish 

 



Surface and Crown Fires 



Natural Capital Degradation: Harmful 

Environmental Effects of Deforestation 



Satellite Images of Amazon Deforestation 

between 1975 and 2001 



Natural Capital Degradation: Large Areas 

of Brazil’s Amazon Basin Are Burned 



10-2 How Should We Manage and  

Sustain Forests? 

 Concept 10-2  We can sustain forests by 

emphasizing the economic value of their 

ecological services, protecting old-growth 

forests, harvesting trees no faster than they are 

replenished, and using sustainable substitute 

resources. 



Solution: Sustainable Forestry 



Fig. 10-19, p. 231 

SOLUTIONS 

Sustaining Tropical Forests 

Prevention Restoration 

Protect the most diverse 

and endangered areas 

Encourage regrowth 

through secondary 

succession 
Educate settlers about 

sustainable agriculture 

and forestry 

Protect forests with 

debt-for-nature swaps 

and conservation 

concessions 

Rehabilitate 

degraded areas 

Subsidize only 

sustainable forest use 

Certify sustainably grown 

timber 

Reduce poverty Concentrate farming 

and ranching in 

already-cleared 

areas 
Slow population growth 



10-3 How Should We Manage and  

Sustain Grasslands? 

 Concept 10-3  We can sustain the productivity 

of grasslands by controlling the number and 

distribution of grazing livestock and restoring 

degraded grasslands. 

   



Some Rangelands Are Overgrazed (1) 

 Important ecological 

services of grasslands 

• Soil formation 

• Erosion control 

• Nutrient cycling 

• Storage of atmospheric 

carbon dioxide in 

biomass 

• Maintenance of 

biodiversity 



Managing Rangelands 

 Grasses grow continuously from a meristem close to the 
ground, so the leaf can be cropped without causing 
growth to stop. 

 

 OVERGRAZING was the theme of Garrett Hardin’s 
Essay!! 

Overgrazing occurs when too many animals are 
grazed for too long on an area and there is not 
enough time for regrowth between cropping. 



Stock Rotation 

 Rotating stock through rangelands can 
prevent overgrazing. 

First year 

 

Second year 

 

Third year 

Area 1 

 

Grazed first half 

 

Grazed second half 

 

Ungrazed 

Area 2 

 

Grazed second half 

 

Ungrazed 

 

Grazed first half 

Area 3 

 

Ungrazed  

 

Grazed first half 

 

Grazed second half 

 

Reducing grazing times and 

rotating through three areas 

over a three year cycle can 

leave each area ungrazed for a 

total of two years in every full 

cycle. 

Rangelands are ecologically 

important areas. They need 

to be managed carefully to 

maintain their biodiversity. 

Rotating livestock between 

different parts of the range 

gives ungrazed areas a 

chance to regrow. 

Rotating stock helps to 

prevent animal 

parasites, such as ticks, 

from establishing. 



Some Rangelands are Overgrazed (2) 

 Overgrazing of rangelands 

(exceeding carrying capacity) 

• Reduces grass cover 

• Leads to erosion of soil by water 

and wind 

• Soil becomes compacted  

• Enhances invasion of plant 

species that cattle won’t eat 

 



Natural Capital Degradation: Overgrazed 

and Lightly Grazed Rangeland 



10-4 How Should We Manage and Sustain 

Parks and Natural Reserves? 

 Concept 10-4  Sustaining biodiversity will 

require protecting much more of the earth’s 

remaining undisturbed land area as parks and 

nature reserves. 

 

   

 



Theodore Roosevelt – “Conservation 

President” 

 Since 1872 the United States National Park System has 

grown from a single, public reservation called 

Yellowstone National Park – John Muir 

 During his Presidency, Roosevelt established the US 

Forest Service and signed the 1906 Antiquities Act 

under which he proclaimed 18 national monuments. He 

also established 5 national parks, 51 wildlife refuges and 

150 national forests 

 

 

https://en.wikipedia.org/wiki/National_Park_System
https://en.wikipedia.org/wiki/Yellowstone_National_Park


A History of Parks  
 1864 – Yosemite was the first designated 

national park in the world. 

 

 1872 – Yellowstone was established and was 
the first park to be called a “National Park” 

•A national park not only provides public access but it affords 
protection of nature. In the 20th century conservation became 
the focus of national parks worldwide. 

 

•Additionally keep in mind that a goal of park and nature 
preserve management is maintaining biodiversity in national 
parks for recreation such as hunting. 



Reintroducing the Gray Wolf to Yellowstone 
National Park 

 Keystone species 

 1995: reintroduced; 2009: 116 wolves in park 

 Prey on elk and push them to a higher elevation 

• Regrowth of aspen, cottonwoods, and willows 

• More beaver dams, more wetlands, more aspens 

 Reduced the number of coyotes 

• Fewer attacks on cattle 

• More smaller mammals 



Theodore Roosevelt – “Conservation 

President” 

 Antiquities Act:  law gave the president discretion 

to "declare by public proclamation historic 

landmarks, historic and prehistoric structures, 

and other objects of historic and scientific 

interest... to be National Monuments.“ 

 National parks are created by an act of 

Congress. 

 Since he did not need congressional approval, 

Roosevelt could establish national monuments 

much easier than national parks. 

 Pelican Island Bird Refuge, Indian River Florida 

• March 14, 1903, Pelican Island was the first 

national wildlife refuge in the United States.[ It was 

created to protect egrets and other birds from 

extinction through plume hunting. 

 

 

https://en.wikipedia.org/wiki/Egret
https://en.wikipedia.org/wiki/Plume_hunting


National Parks Face Many Environmental 

Threats 

 Worldwide: 1100 major national 
parks in 120 countries (most are too 
small to sustain large species) 

 

 Parks in developing countries  

• Greatest biodiversity  

• 1% protected from: 

• Illegal animal poaching 

• Illegal logging and mining 

 

 

 



 

Solutions: National Parks 



Case Study: Costa Rica—A Global 

Conservation Leader (fig. 10-25) 

 1963–1983: cleared much of the forest for 

grazing cattle 

 

 1986–2006: forests grew from 26% to 51% 

• Goal: to reduce net carbon dioxide emissions to 

zero by 2021 

 

 Eight zoned megareserves 

• Designed to sustain around 80% of Costa Rica’s 

biodiversity 

• To effectively promote biodiversity you need a 

netowork of reserves. 



Case Study: Costa Rica—A Global 

Conservation Leader Pura Vida! 



Costa Rica Continued 

 ¼ of land in nature reserves and natural parks – 

global leader 

 

 Earns $1 billion per year in tourism 

 



Fig. 10-25, p. 238 

Nicaragua Caribbean Sea 

Costa 

Rica 

Panama 

Pacific Ocean 

National parkland 

Buffer zone 



Case Study: Controversy over Wilderness 

Protection in the United States 

Wilderness Act of 1964 

How much of the United States is protected land? 

• 4.6% mostly in AK 

• Only 4 of 413 in lower 48 are large enough to 

sustain spp 

 

Roadless Rule – temporary protection ca. 20 yrs 

 

2005: end of roadless areas within the national 

forest system 

• Can no longer qualify as “wilderness” 

 



10-5 What is the Ecosystem Approach  

to Sustaining Biodiversity? (1) 

 Concept 10-5A  We can help sustain 

biodiversity by identifying severely threatened 

areas and protecting those with high plant 

diversity and those where ecosystem services 

are being impaired. 

 

 Concept 10-5B  Sustaining biodiversity will 

require a global effort to rehabilitate and restore 

damaged ecosystems. 

 



10-5 What is the Ecosystem Approach  

to Sustaining Biodiversity? (2) 

 Concept 10-5C  Humans dominate most of the 

earth’s land, and preserving biodiversity will 

require sharing as much of it as possible with 

other species. 

 

 



We Can Use a Four-Point Strategy  

to Protect Ecosystems 

 Map global ecosystems; identify species 

 

 Locate and protect most endangered 

ecosystems and species 

 

 Restore degraded ecosystems 

 

 Development must be biodiversity-friendly 

• Incentives and technical help to landowners 

 

 Are new laws needed? 



Endangered Natural Capital:  

34 Biodiversity Hotspots 



Endangered Natural Capital: Biodiversity 

Hotspots in the U.S.  



We Can Rehabilitate and Restore 

Ecosystems That We Have Damaged (1) 

 Study how natural ecosystems recover 

• Restoration 

• Return to natural state 

• Rehabilitation 

• Return to functional ecosystem 

• Replacement 

• Change to another ecosystem 

• Degraded forest -> tree plantation 

• Creating artificial ecosystems 

• wetlands 

 

 



We Can Rehabilitate and Restore 

Ecosystems That We Have Damaged (2) 

 How to carry out most forms of ecological 

restoration and rehabilitation 

• Identify what caused the degradation 

• Stop the abuse 

• Reintroduce species, if possible 

• Protect from further degradation 

 

 

 



Will Restoration Encourage Further 

Destruction? 

 Preventing ecosystem damage is cheaper than 

restoration (remember precautionary principal) 

 

 About 5% of the earth’s land is preserved from 

the effects of human activities 

 

 



Case Study: The Blackfoot Challenge—

Reconciliation Ecology in Action 

 1970s: Blackfoot River Valley in Montana 

threatened by 

• Poor mining, logging, and grazing practices 

• Water and air pollution 

• Unsustainable commercial and residential 

development 
 

 Community meetings led to 

• Weed-pulling parties 

• Nesting structures for waterfowl 

• Developed sustainable grazing systems 

• Individuals can make a difference 

 

 



What Can You Do? Sustaining  

Terrestrial Biodiversity 


