[image: image1.jpg]


Ecological Succession 
Background 
Objective 
To understand how a forest changes ecologically during its stages of succession. 
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STAGES OF SUCCESSION



Forest ecosystems arc often disturbed by fires, landslides, and human activity; such as clear cutting. But do such disturbances mean the end of a forest ecosystem? No because, through succession, a forest regenerates by changing over time from a youthful, fast-growing ecosystem to a mature, slow-growing or climax ecosystem. The various stages of succession are orderly and predictable. However, one ecological community of species may take decades or even, centuries to completely succeed another ecological community of species. 
This activity enables you to explore several stages of succession in a forest ecosystem over time by taking a “field trip.” The field trip begins by “visiting” a site in Washington State’s Olympic Peninsula, observing how it looks now, then inferring what it may have looked like in the past and what it might look like in the future. By studying four stages of succession, you will understand the natural forces by which one ecological community of species succeeds another.  You will also learn to scientifically explain patterns of growth during an ecosystem’s maturation process. 
This field trip visits a site in the lowland forests of the Pacific Northwest, in a coastal area at an elevation of about 180 meters. (Some Pacific Northwest forests grow at heights of more than 920 meters.) The site stays the same, but you will visit it at critical stages in its 300-year development from disturbance to maturity. 
Why is red alder a pioneer species? 
Forested land quickly loses its soluble nutrients and minerals after disturbances such as clear cutting, landslides, and soil erosion. Nitrogen is one of the most important nutrients for forest regeneration, and red alders play a significant role in restoring nitrogen back into the soil after a disturbance. 
Trees need nitrogen to grow, but most species can neither generate their own nitrogen nor obtain it from the air. They must rely on nitrogen compounds in soils. Red alders, however, are able to obtain nitrogen directly from the air. The inset to Site II (page 19) shows nodules covering the surfaces of a red alder’s root system. The nodules contain nitrogen-fixing bacteria that convert atmospheric nitrogen into a chemical form usable by plants. When the red alder decomposes, this usable nitrogen is added to the soil’s nutrient supply and becomes available to successive plant species. 
Procedure 
1. Fill in the following chart by examining the 4 sites in your handout.  Your description should include the types of trees in each site, the estimated percentage of ground cover, and how layered the canopy is.
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	Description

	
	

	
	

	
	

	
	


Site I 
2. a) How has the forest ecosystem has been disturbed? 

b) What is the probable fate of the ecosystem’s organisms?

c) What will happen to mineral nutrients that were in the forest soil before the disturbance?
 d) What do you think might happen to the soil? 

Site II 
Examine Site II. If Site I experiences no human intervention, this is what it would look like about 15 years later. The dominant tree species is red alder, but grass makes up much of the ground cover. Several other plant species grow in spaces between the grass and red alders, attracting deer and other grazers. Notice the young evergreens beneath the red alders. These are Douglas firs, and cannot grow in soil lacking nitrogen. 
3. In the absence of red alders, what plants might grow first on Site II if nutrients were abundant, or if humans added nitrogen to the soil?

Site III 
Examine Site III. It depicts Site I without human intervention 60—75 years later. Encourage students to observe that red alders and grasses have now been replaced by Douglas firs and broadleaf maples, and the floor is covered with sword ferns as well as some younger Douglas firs. Two new tree species have appeared in the understory: western red cedar and western hemlock. 
4. What do you think killed off the red alders and grasses that were living on Site II?


5. How do the Douglas firs and broadleaf maples get their nitrogen now that the nitrogen-fixing alders are gone? (Hint: 
The Douglas firs’ bark, especially on the crown, is covered with lichens and mosses.) 

6. How does the soil at Site III compare with the soil at Site II? 

7. How did the seeds of western red cedars and western hemlocks come to be at Site III?

Site IV 
Site IV depicts Site I without human intervention 270—300 years later.
8. a) What are the dominant tree species? 

b) Why are there no Douglas-fir trees? What happened to them? 

c) What do you think the soil is like?

d) Why is site IV considered a climax community? 
e) What factors play a role in influencing succession in the forests of the Pacific Northwest? Identify these factors as either abiotic or biotic.

How does succession affect energy flow? 

The relationship between energy flow and succession is based on a concept presented by ecologist Howard Odum in 1969. Odum’s thesis was that succession involves a fundamental shift in energy flow. As a forest succeeds towards climax, increased amounts of energy are relegated to biomass maintenance rather than to production. Thus, in the climax ecosystem, maximum biomass is supported per unit of energy flow. Since biomass represents stored energy, power output is maximized in the climax ecosystem. Figure 5 shows how production, biomass, and respiration shift over time in a generalized successional forest ecosystem. 
To help students understand how energy flow and succession inform timber harvesting practices, have them assume they are forest managers. Tell them they must harvest their forest’s trees at just the right time to yield the greatest amount of timber while requiring the least amount of human effort. Have them use the energy flow and succession information in Figure 5 to determine the best time to harvest. 
Why is this an important question for forest managers? Forest managers want to harvest as much biomass as possible, so they want to target a time immediately after the greatest production of plant tissue when respiration has begun to decline. The trees will have had their growth spurt and will be beginning to settle into old-growth maturity. 
Thus, for the generalized successional forest ecosystem represented in Figure 5, students should target a period between 60—90 years to harvest. To cut earlier, the forester wouldn’t benefit from the growth spurt; to cut later wouldn’t provide much more timber. 
How does a grassy area, such as that shown in Site II, compare with the old-growth climax forest, such as that depicted in Site IV more than 150 years later? As students use Figure 5 to formulate their answers, have them consider the roles of the following factors: 
light 
temperature 
water budget 
water in soil 
soil organic matter 
A typical, human-managed grassy area (i.e., a lawn) is an arrested, fast-growing ecosystem at the successional level of Site II. Gross productivity and respiration are high, accumulated biomass is low. Much of the solar energy entering the system is lost to reflection. The lawn is fragile, requiring continuous watering, regular fertilizing, mowing, treatment for disease, and the “shooing” of such grazers as deer and moles. 
The old-growth climax forest is a slow-growing mature ecosystem at the successional stage of Site IV. Production and respiration are low, accumulated biomass is high and of good quality. Only a little energy escapes from the forest. Even the temperatures are relatively cool and steady. 
Look at the graph below.  As energy flows through a forest ecosystem, some of it gets used to produce new plant tissue through photosynthesis and some of it gets used to maintain the organisms’ physiological functions. For example, a forest’s annual gross productivity might be a million tons of plant tissue while its normal respiration might be 200,000 metric tons, making its net productivity 800,000 metric tons. The stylized graph below depicts the relationship in a generalized successional forest ecosystem between tissue production (Gross Productivity), system maintenance (Respiration), and tissue accumulation (Biomass) over a 300-year period. The Y axis measures energy conversion, usually in metric tons. 

