SECTIQ
N 1
Strategy of Ecosystem Development 355

> cIntosh - o
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influences. Revi Honary 1ology and h theories of succession that consider new in-
Tury and N g‘mPortance of consumer as well as producer
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fthe eco syste .re ased 0_‘-'1 properties of organisms rather than
liﬁ‘r\l:é Thelbasxc premise is that evolutionary strategy
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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
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Ecosystem pevelopment

We see that ecosystem development is more |h;mju:at a succession of & eci
more than just evolutionary interactions, hucl_1 as competition and mu“-!a]i'si-:l.s' ang
is an energetic basis. There is a large volume of literature on self«organization S
ing papers by Eigen (1971), H. T. Odum (1988), and Muller (1997, 1998,20613(31:&
»dl

hooks by Kauffman (1993), Bak (1996), and Camazine et al. '(2001), in addiy

those cited earlier. For a less technical discussion of self-organization see L anl ;cm
(2000). Wesson (1991), in his book Beyond Natural Selection, argued thap Wha[wpl'ou
self-ordering must be added to natural selection to explain the evolution of can: call
systems, Smolin (1997) extended the self-organization theory to the origin andpkx
lution of the universe that began with the Big Bang and a mass of random_moe?‘)‘

molecules but evolved into the current, highly organized system including Eayy, 8

2 Concept of the Climax

Statement

The final P = R community in a developmental series (sere) is the climax commy-
nity. In theory, the climax community is self-perpetuating, because it is more or less
in equilibrium with itself and with the physical habitat. For a given region, it is con-
venient, although quite arbitrary, to recognize (1) a regional or climatic chmax,
which is determined by the general climate of the region; and (2) a varying number
of local or edaphic climaxes, which are determined by topography and local micro.
climate (see Fig, 8-12), that would not occur in the absence of disturbance. Suc-
cession ends in an edaphic climax when topography, soil, water, and regular distur-
bances such as fire are such that the development of the ecosystem does not proceed
to the theoretical end point.

Explanation and Examples

In terms of species composition, the polyclimax concept (choice of climatic and
edaphic climaxes) is illustrated by mature forest communities associated with vari-
ous physical situations, such as in the hilly Tegion located in Ontario, Canada, dia-
grammed in Figure 8-12A. On level or moderately rolling areas where the soil is well
drained but moist, a maple-beech community (Acer saccharum and Fagus grandifolia
be'ing the dominant species) is found to be the terminal stage in succession. Because
[h{5 type of community is found again and again in the region wherever land configi-
ration and drainage are moderate, the maple-beech community can be designated the
ch'tnatic climax of the region. Where the soi remains wetter or drier than normal (de-
spite the action of communities), different species are dominant in the climax com-
munity. Still greater deviations from the climatic climax occur on steep south-facing
S_lopes, where the microclimate is warmer, or on no'rth—fating slopes and in deep
ravines; where the microclimate is colder (Fig. 8-12B). These steep-slope climaxes of
ten mmblc climatic climaxes found farther south and north respectively. Accord:
mgly, if you live in eastern North America and wish to see what a climax forest would
be like farther north, view an undisturbed, north-facing slope or ravine. Similarly: &




Figure 8-12. Climatic and edaphic
climaxes in southern Ontario, Canada.
A Distribution of climax communi-
lies depending on local conditiong,
(B) Overview of possible climax commy.
nities. The maple-beech community is
he climatic climax, occurring Whenever
conditions are moderate. Changes in
microclimate conditions lead to Various
other (edaphic) climaxes. (C) Theoret.
cal development of edaphic climaxes
at extremes of moisture (wet or dry) to-
ward a climatic climax at intermedi-
ate moisture conditions (simplified from
Hills 1952).
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Theoretically, a forest community on dry soil would, if given indeﬁnite ti
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eradually increase the organic content of the soil and raise its mOiStUl‘e-hoIding g <,
i ics, and thus eventually give way to a more moist forest, such as the maple-}i A
community (Fig. 8-12C). Likewise, a forest community under wet sei] condman;c!-l
given time, theoretically would gradually decrease moisture in the soil as the orga "11'
content in the soil is stored as tree biomass (and output as increased plang Tanspiy
tion), also resulting in a moist maple-beech community. Whether thege SCenary S
would actually occur or not is unknown, as little evidence of such change hﬁ's.been
seen, and records of undisturbed areas have not been kept for the many humgy, gen.
erations that probably would be required. The question is academic anyway, becayse
long before any autogenic change could oceur, some F:Ijmatic, geological, or anthro.
pogenic force would likely intervene, The alternative to recognizing a series of di
maxes and seres associated with physiographic situations in the case of a lﬂndscape
mosaic like that described in Figure 8-12A would be some form of gradient analysis,
Ecological succession is essentially a gradient in time that interacts with spatia], top-
ographical, and climatic gradients. As emphasized at the beginning of this Chépter_
all climaxes would exhibit a pulsing balance between P and R
Autogenic ecological succession results from changes in the environment brought
about by the organisms themselves. Therefore, the more extreme the physical sub-
strate, the more difficult modification of the environment becomes, and the more
likely that community development will stop short of the theoretical regional climay
Regions vary considerably in the proportion of area that can support climatic climax
communities. On the deep soils of the Central Plains of the United States, early set-
tlers found a large fraction of the land covered with the same climax grassland. In
contrast, on the sandy, geologically young, lower Coastal Plain of the southeastern
United States, the theoretical climatic climax (a broad-leaved evergreen forest) was
originally as rare as it is today. Most of the Coastal Plain is occupied by edaphic cli-

In inshore waters, 25 already mentioned.

A c?ran?atic example of a contrast between regional and edaphic climaxes is
shown in Figure 8-13, In , Certain area on the coast of northern California, giant red-
.woFo.d forests oceur side by side with Pygmy forests of tiny, stunted trees. As depicted
i{; esltg‘;::;sl 3,hlh€ Same Sandgone substrate underlies both forests, but the pygmy
st WhETe an impervioys hardpan close to the surface greatly restricts 100t

eve hmient a{ld Movement of water ang nutrients. The vegetation that reaches cli-

max condition in this special situation is almost totally different in épedes composi-
tion and structure from that of adjacent areas that Jack e ﬁardpan e

Human beings, of course, greatly affect the Progisecs: f'snc'(:es'si(jn. and the achieve-

pigure &
the West

Forests of
nifers grod
marine ter
the pygm
cemented
about 18
face: Thg
hardpan |
3.9) and |
nutrients



