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Extending the Connection

ECOLOGICAL SUCCESSION
Development of the Biosphere
In this chapter, you investigated the development of Earth’s major systems through geologic 
time. Earth’s oldest system is the geosphere. It emerged from Earth’s rocky beginnings. The 
debris left over from the formation of the solar system contained the chemical building blocks 
for the hydrosphere, atmosphere, and biosphere. The biosphere took more than a billion years 
to develop. It was the last of Earth’s major systems to form. 
No one knows exactly what enabled simple forms of early life to emerge. You learned about 
the chemistry of the “organic soup.” You also read the hypotheses about hot and cold young 
Earths. Such conditions were the limiting factors. They restricted how life on Earth would 
begin. Later developments in the biosphere are easier to study. They are partially recorded in 
the fossil record. Fossil beds provide evidence of species from the past that lived in various 
communities. 

Getting a Foothold
How does life get started on the barren rock of the geosphere? Looking at ecological 
succession may help you to understand. On Earth today there are many processes that expose 
new rock surfaces. These include volcanic eruptions, the retreat of glaciers, tectonic uplift, 
and sea level fall. Despite different environments, all new rocky surfaces lack soil and life. 
Fresh rock is particularly poor in available nutrients. Nevertheless, life still manages to get
a grip sooner or later. 
The first species to colonize a particular area are called pioneer species. On bare rock, 
the first inhabitants are often algae and lichens. Both species are autotrophs. That means 
that they can produce their own food in the presence of sunlight. They are able to survive
in harsh environments.
Lichens are unique. They consist of algae and fungi living together as a single organism. 
Green algae contain chlorophyll. They use it to capture light energy and manufacture sugar 
for metabolizing. Seaweed is one kind of algae and so are the green mats in ponds. Fungi 
are composed of long and thread-
like filaments made of cells that are 
connected end-to-end. Mushrooms are 
a common fungus. Fungi provide water 
and minerals from rock to the lichen.
Lichens can grow almost anywhere. 
They can grow on frozen acidic soil 
in the arctic or volcanic rocks at the 
equator. They are very good at surviving 
without water. However, as communities 
of lichens increase, the concentration 
of water in the bare rock environment 
also increases. This promotes chemical 
weathering of rock. Water can then be 
stored between the grains of weathered 
rock. As water becomes more abundant, 
mosses begin to take over from lichens. Lichens growing on rocks.

EC_Natl_SE_C8.indd   983 7/15/11   3:26:08 PM



EarthComm
984

Chapter 8  Earth System EvolutionChapter 8  Earth System Evolution

Mosses are fairly simple plants. They grow more quickly than lichens. Therefore, they can out-
compete their neighbors. As moss plants die and decay, they add organic matter to the surface. 
This matter becomes available for recycling. The presence of weathered grains and organic matter 
marks the beginning of soil development. Soil formation is a very slow process. It can take 500 
years for one millimeter of soil to accumulate. A mature soil profile can take 10,000 years to 
develop. The time it takes soil to develop depends on the rock type and the temperature.

Succession on Barren Rock
The ecological succession of species on 
barren rock is known as the lithosere. Where 
climate favors the growth of larger plants, 
trees emerge. Faster-growing species tend 
to emerge first. These include willow and 
birch trees. Later, these trees are replaced by 
larger trees. These trees, such as oak and ash, 
grow more slowly. Over time, some species 
become more dominant. Others disappear. 
New species sometimes invade communities 
and develop large populations. For a given 
environment, the species that grow the most 
efficiently typically do the best and reproduce 
most effectively. However, established species 
gradually alter their own environment. 
This enables changes in the structure of the 
ecosystem to occur over time. Ecological 
succession can also occur when a rapid and 
major change takes place in an environment. 
For example severe storms, fires, and flooding 
can drastically change a community. These 
changes can favor the survival of one species 
over another. 
Changes take place as an area develops 
toward a final, stable community. This is 
called a “climax community.” The ecosystem 
will appear to be in equilibrium. These are no 
major changes in living and nonliving organic 
matter. The final community that can exist 
is determined by the temperature and rainfall 
of the area. Sometimes succession is halted by 
natural or human-made factors. When this 
happens, vegetation reaches a “sub-climax” 
condition. This persists until time enables the 
recovery of a climax community.

The volcanic island of Surtsey is an excellent example 
of ecological succession. It formed off the coast of 
Iceland in 1963 (top). Only a select few scientists 
are permitted on the island. Therefore, the natural 
process of succession can be studied without human 
interference.
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