4.4 Community Ecology

Populations typically do not live in isolation from other species. Populations that interact
within a given habitat form a community. The number of species occupying the same habitat
and their relative abundance 1s known as the diversity of the community. Areas with low
species diversity. such as the glaciers of Antarctica. still contain a wide variety of living
organisms. whereas the diversity of tropical rainforests 1s so great that it cannot be accurately
assessed. Scientists study ecology at the community level to understand how species interact

with each other and compete for the same resources.



Characteristics of Communities

Communities are complex systems that can be characterized by their structure (the number and
size of populations and their interactions) and dynamics (how the members and their
interactions change over time). Understanding community structure and dynamics allows us to

minimize impacts on ecosystems and manage ecological communities we benefit from,

Ecologists have extensively studied one of the fundamental characteristics of communities:
biodiversity. One measure of biodiversity used by ecologists 1s the number of different species
in a particular area and their relative abundance. The area in question could be a habitat. a
biome, or the entire biosphere. Species richness 1s the term used to describe the number of
species living in a habitat or other unit. Species richness varies across the globe (Figure 11).
Species richness 1s related to latitude: the greatest species richness occurs near the equator and
the lowest richness occurs near the poles. The exact reasons for this are not clearly understood.
Other factors besides latitude influence species richness as well. For example. ecologists

studying 1slands found that biodiversity varies with island size and distance from the mamland.
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individuals m a species relative to the total
number of individuals in all species within
a system. Foundation species, described
below. often have the highest relative

abundance of species.

Foundation species are considered the
“base” or “bedrock™ of a community.
having the greatest influence on its overall
structure. They are often primary
producers. and they are typically an
abundant organism. For example. kelp. a
species of brown algae. 1s a foundation
species that forms the basis of the kelp

forests off the coast of California.
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Figure 11, The greatest species richness for mammals
in North America is associated in the equatorial
latitudes. (credit: modification of work by NASA,
CIESIN, Columbia University)

Foundation species may physically modity the environment to produce and maintain habitats

that benefit the other organisms that use them. Examples include the kelp deseribed above or

tree species found in a forest. The photosynthetic corals of the coral reef also provide structure
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tree species found in a forest. The photosynthetic corals of the coral reef also provide structure
by physically modifying the environment (Figure 12). The exoskeletons of living and dead

coral make up most of the reef structure. which protects many other species from waves and

OCean currents.

A keystone species 1s one whose presence
has inordinate influence in maintaining the
prevalence of various species in an
ecosystem. the ecological community’s
structure, and sometimes its biodiversity.
Pisaster ochraceus. the mtertidal sea star, 1s
a keystone species in the northwestern

portion of the United States (Figure 13).

Figure 12. Coral is the foundation species of coral Studies have shown that when this
reef ecosystems. (credit: Jim E. Maragos, USFIS) organism is removed from communities.

mussel populations (their natural prey)
merease, which completely alters the species composition and reduces biodiversity. Another
keystone species 1s the banded tetra. a fish in tropical streams. which supplies nearly all of the
phosphorus, a necessary inorganic nutrient, to the rest of the community. The banded tetra

feeds largely on insects from the terrestrial ecosystem and then exeretes phosphorus mto the

aquatic ecosystem. The relationships betwee ilations mn the community, and possibly the

if these fish were to become extinet.
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BIOLOGY IN ACTION

Invasive species are non-native organisms that,
when introduced to an area out of its native range.
alter the community they invade. In the United

States. invasive species like the purple loosestrife

(Lythrum salicaria) and the zebra mussel

(Dreissena polymorpha) have drastically altered F:' T3 ot iz ,,.}.S Kerariof
the ecosystems they invaded. Some well-known the intertidal zone.

invasive animals include the emerald ash borer

(Agrilus planipennis) and the European starling (Sturnus vulgaris). Whether enjoying a forest
hike, taking a summer boat trip. or simply walking down an urban street, you have likely

encountered an invasive gpecies.

One of the many recent proliferations of an invasive species concerns the Asian carp in the
United States. Asian carp were introduced to the United States in the 1970s by fisheries
(commercial catfish ponds) and by sewage treatment facilities that used the fish’s excellent
filter feeding abilities to clean their ponds of excess plankton. Some of the fish escaped. and by
the 1980s they had colonized many waterways of the Mississippi River basm. mcluding the
Ilinois and Missouri Rivers. y X



Voracious feeders and rapid reproducers. Asian carp may outcompete native species for food
and could lead to their extinction. One species, the grass carp, feeds on phytoplankton and
aquatic plants. It competes with native species for these resources and alters nursery habitats
for other fish by removing aquatic plants. In some parts of the Illinois River, Asian carp
constitute 95 percent of the community’s biomass. Although edible. the fish is bony and not

desired 1n the Umited States.

The Great Lakes and their prized salmon and lake trout fisheries are being threatened by Asian
carp. The carp are not yet present in the Great Lakes, and attempts are being made to prevent
its access to the lakes through the Chicago Ship and Sanitary Canal. which is the only
connection between the Mississippt River and Great Lakes basins. To prevent the Asian carp
from leaving the canal. a series of electric barriers have been used to discourage their
migration: however, the threat is significant enough that several states and Canada have sued to
have the Chicago channel permanently cut oft from Lake Michigan. Local and national
politicians have weighed in on how to solve the problem. In general. governments have been

mettective in preventing or slowing the introduction of mnvasive species.



Community Dynamics

Community dynamics are the changes in community structure and composition over time.
often following environmental disturbances such as voleanoes. earthquakes. storms. fires. and
climate change. Communities with a relatively constant number of species are said to be at
equilibrium. The equilibrium 1s dynamic with species identities and relationships changing
over time. but maintaining relatively constant numbers. Following a disturbance. the

community may or may not return to the equilibrium state.

Succession describes the sequential appearance and disappearance of species in a community
over time after a severe disturbance. In primary succession. newly exposed or newly formed
rock is colonized by living organisms. In secondary succession. a part of an ecosystem 1s
disturbed and remnants of the previous community remain. In both cases. there 1s a sequential

change in species until a more or less permanent community develops.

Primary Succession and Pioneer Species

Primary succession occurs when new land is

formed, or when the soil and all life 1s removed
from pre-existing land. An example of the former
18 the eruption of voleanoes on the Big Island of

Hawaii. which results i lava that flows into



Primary succession occurs when new land 1s
formed. or when the soil and all life 15 removed
from pre-existing land. An example of the former
iz the eruption of volcanoes on the Big Island of
Hawai, which results in lava that flows into the
ocean and continually forms new land. From this

process, approximately 32 acres of land are added

to the Big Island each vear. An example of pre-
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Figure 14. During primary succession in lava
on Maui, Hawaii, succulent plants are the
scours the landscape down to the bedrock as the pioneer species. (credit: Forest and Kim
Starr)

existing soil being removed 1s through the activity

of glaciers. The massive weight of the glacier

glacier moves. This removes any original soil and
leaves exposed rock once the glacier melts and

retreats.

In both cases_ the ecosystem starts with bare rock that i1s devoid of life. New soil 1s slowly
formed as weathering and other natural forces break down the rock and lead to the
establishment of hearty organisms, such as lichens and some plants, which are collectively
known as pioneer species (Figure 14) because they are the first to appear. These species help
to further break down the mineral-rich rock into soil where other, less hardy but more
competitive species, such as grasses, shrubs_ and trees, will grow and eventually replace the

pioneer species. Over time the area will reach an equilibrium state, with a set of organisms
quite different from the pioneer species. o



Secondary succession

A claszic example of secondary succession ocours in forests cleared by wildfire, or by clearcut
logsing (Figure 13). Wildfires will burn most vegetation, and unless the animals can flee the
area, thev are killed. Their nutrients, however, are returned to the ground in the form of ash.
Thus, although the community has been dramatically altered, there is a soil ecosystem present
that provides a foundation for rapid recolonization.

Before the fire, the vegetation was dominated by tall trees with access to the major plant
energy resource: sunlight. Their height gave them access to sunlight while also shading the
ground and other low-Iving species. After the fire, though, these trees are no longer dominant.
Thus, the first plants to grow back are vsually annual plants followed within a few vears by
quickly growing and spreading grasses and other pioneer species. Due, at least in part, to
changes in the environment brought on by the growth of grasses and forbs, over many vears,
shrubs emerge along with small trees. These organisms are called intermediate species.
Eventually, over 150 vears or more, the forest will reach its equilibrium point and resemble the
comtmunity before the fire. This equilibriom state 1= referred to as the climax community,
which will remain until the next disturbance. The climax community s typically characteristic
of a given climate and geology. Although the community in equilibrium looks the same once it
15 attained, the equilibrivm is a dynamic one with constant changes in abundance and
sometimes species identities.

Secondary Succession of an Dak and Hickery Forest
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