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(Step 7). Hence, bio]

ogical mechanisms for weed control (Step 8) and even more till-
age (Step 9) are required. Thus, agricultural tillage helps create an industrial cycle
rather than the ecological (biotic) cycle that has evolved in natural systems, Farm
productivity fre

quently plummets as a result of this farming practice, until the net-
work of myco

rrhizal fungi becomes reestablished and mechanisms of nutrient re-
cycling based on soil health are restored.

Many trees will not grow without mycorrhizae. Forest trees transplanted to prai-
rie soil in a different region often fail to grow unless inoculated with the fungal sym-
bionts. Pine trees with healthy mycorrhizal associates grow vigorously in soilvso poor
by conventional agricultural standards that corn or wheat could not survive. The

fungi can metabolize “unavailable” phosphorus and qther _mincrals by chelation or by
other means. When labeled minerals (such as radioactive tracer phosphoru;) are
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Community Ecology

Green algae

Figure 7-12. (A) Peritrophic mycorrhizae fo@ing clusters or masses
around the roots of a spruce (Picea pungens) seedling. (B) Principal nitrogen
fixer among the epiphytic lichens in the fc?rgst canopy ‘_30fnmunity is Lobarig
oregana (shown in cross-section). Lobaria is a mutua!lﬁrc association of 3
fungus and a green alga; populations of cyanobacteria are al.so present in
bulges and fix nitrogen at a significant rate. (A_dapted from Scientific Ameri-
can, June 1973, p. 79. Reprinted with permission of the Estate of Eric Mose))

Countesy ol S, A Wiliu, University of Wi

functional interdependence and so integrated morphologically that a third kind of or-

ganism, resembling neither of its components, is formed. Lichens are usually classi-
fied as single species, even though they are composed of two or more unrelated spe-
cies. In lichens, one sees evidence of an evolution from parasitism to mutualism. In
some of the more primitive lichens, for example, the fungi actually penetrate the al-
gal cells and are thus essentially parasites of the algae. In the more advanced species,
the fungal mycelia or hyphae do not break into the algal cells, but the two live in close
harmony. Figure 7-12B depicts a principal nitrogen fixer among the epiphyticlichens
(Lobaria oregana) in the forest-canopy community. Lobaria is a mutualistic associa-
tion of a fungus and a green alga, but also contains populations of cyanobacteria that
fix nitrogen at a significant rate.

The mutualistic lichen lifestyle has had at least five independent origins in differ-
ent branches of the fungus family tree; at least 20 percent of all fungal species are
lichens (Gargas et al. 1995). Such multiple origins demonstrate that mutualism may
be just as important as competition in evolution, as Kropotkin (1902) suggested more
than a century ago.

Itis evident that mutualism has special survival value when resources become tied
up in the biomass, as in a mature forest, or when soil or water is nutrient poor, as i
some coral reefs or rain forests. Like corals and other highly organized heterotroph-

autotroph mutualistic complexes, lichens are well adapted to natural scarcities a0
stress, but they are very vulnerable 10 pollution stress, especially air pollution. With
n;gard IOblhf: restoration of landscape in Sudbury, Ontario, which was devastated by
i pollgtlon (as mentioned in Chapter 3), the return of lichens is a welcome sign that
restoration is working, __
 Forgeneralreviews of symbiotic associations, see Boucher et al. (1982) and Keddy
{1990). We also recommend the supplement o The American Naturalist, 2003, Vo




