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Heterotrophic Succession

A laborator}r hay-infusion microcosm experiment provides an example of hetero-
trophic succession—and also a laboratory experiment for an ecology class. When a
culture medium made by boiling hay is allowed to stand. a thriving culture of bacte-
ria develops. If some pond water (containing seed stock for various protozoa) is then
added, a definite succession of protozoan populations with successive dominants
occurs, as shown in Figure 8-10. A similar succession of protozoa occurs when un-
vegetated soil is first exposed to colonization (Bamfonl? 1997). In the hay infusion
experiment, energy and nutrients are mml at Ll:le beginning and then decline. Un-
less new medium is added, oran auto_t{op}uc regime la.kes over, the system eventu-
ally runs down, and all the organisms die or go into resting stages (spores or cysts)—
different from amon-ophic suceession, in which energy flow is mmptamed
quite : The hay-infusion microcosm is a model for the kind of succession that
mdeﬁmte]y ha{o animal carcasses, fecal pellets, and the secondary stages of
oo deaying gsélu aISd be considered a model for the “downhill” succession
sewage mm[ I.[ 1::1 ith a society dependent on fossil fuels that is slow to de-
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succession, of course, is a model of the cultural eutrophication resulting from Organic
pollution, such as inflow of incompletely treated municipal sewage.

Selection Pressure: Quantity Compared with Quality

Stages of the colonization of islands, as first described by MacArthur and Wilson
(1967), provide parallels with stages in ecological succession on continents. In the
early, uncrowded stages of island colonization; as in the early stages of succession,
r-selection predominates, so that species with high rates of reproduction and growth
are more likely to colonize. In contrast, selection pressure favors K-strategist species,
with lower growth potential but better capabilities for competitive survival, under the
high density of later stages of both island colonization and succession (Table 8-1),

- Genetic changes involving the whole biota may be presumed to accompany the
successional change from quantity production to quality production, as indicated
by the tendency for the size of the individual organism to increase (Table 8-1). For
plants, the change in size appears to be an adaptation to the shift of nutrients from
inorganic to organic. In a mineral- and nutrient-rich environment, small size is of se-
lective advantage, especially to autotrophs, because of the higher surface-to-volume
ratio. As the ecosystem develops, however, inorganic nutrients tend to become more
and more tied up in the biomass (that is, to become intrabiotic), so that the selective
advantage shifts to larger organisms (larger individuals of the same species, larger
species, or both), which have greater storage capacities and more complex life histo-
ries and are thus adapted to exploiting seasonal or periodic releases of nutrients or

other resources.

Diversity Trends

Almmo?gh both components of diversity (richness and apportionment) in Table 81
8 always increase in the early stages of ecosystem development, the peak ot
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sights into evgly s pop“laﬁon-le:el (}ll 975), have provided a point of departure
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lh§ dtpendmg on diSturbszms ' Successional gradients that are constantly chang-
- ‘;"Y' can also be viewed ascs and physical gradients. Because Clements’ holistic
% 031§ts may not be sq far-an evolutionary theory of population and ecosystem,
might indicate, This positio apart as a reading of their respective position papers
well (1972), Whittaker (191;, I general, is the one taken by Whittaker and Wood-
early colonization phas m 01.5 ), and Glasser (1982), who noted that although the
organisms), later stages a ten stochastic (chance establishment of opportunistic
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Sooner or later. 1t ?E much more organizational and directional.
example, in forest 1‘1::;: Ties get tested in the practical world of applied science—for
directional and Prcdictfgmem' Foresters, by and large, find that forest succession is

le. To assess : ¥
models that combine nat future timber potential, they often develop

ural successional trends with disturbance and mana
== _ _ gement
scenarios that modify natural development. For example, on the Georgia Piedmont,

vﬂ;leur;tlural forest sgccession is from pines to hardwoods. Because pines are now more
3 Cf)mmemmny than hardwoods, efforts are made to arrest this succession, so
that the pine stages can be retained and regenerated, especially in areas under com-
mercial timber management. It is predicted that hardwood stages will continue to in-
crease in area coverage, although at a slower rate than would be the case if only nat-
ural succession were involved. Urbanization and suppression of fire, both of which
favor hardwoods over pines, are important factors in future projections. Because the
composition of the F edmont forest is strongly influenced by human management,
projected fumn mﬁfoﬂnw trends of n_atural succession. The interface
between theory and forest management 1S discussed in detail by Shugart (1984) and
Chapin et al. (2002).

Hon Synergetics, and Ascendancy

m development is the concept of self-organization, based
non-equilibrium thermodynamics (Prigogine 1962). Self-
on can be deﬁncd as the process whereby complex systems consisting of
e m;gnfze to achieve some sort of stable, pulsing state in the ab-
; S m(mm The spontaneous formation of wel‘i-organizeq struc-
<5k mdw;ﬁom random or unorganized initial conditions—in other
g’ Sieps widespread in nature. Self-organized ecosys-
12 bya constant flow of energy through them; therefore,
+namic equilibrium. The process of many parts working to-
een termed synergetics by Haken (1977). Ulanowicz
- v for the tendency for self-organizing, dissi-
' kmry of biomass and network flows over time, as
.1 succession. Both Holland (1998) and 5. Johnson




