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Changing 

perspectives 

Perspectives in 
The classical concepts of succession and 
climax were Gurdened with intracta6le 
assumptions and were difficult to apply to 
the field. Conceptual refinements and 
more realistic assumptions have been 
proposed to identify the useful essence of 
the original ideas. The contemporary 
theory of community dynamics empha- 
sizes process rather than end point, 
accommodates the richness of causes of 
succession, and motivates diverse research 
approaches. 

There are many active, contem- 
porary research topics in succes- 
sion. These range from ecophysiol- 
ogy to plant-plant interactions 
based on competition and life his- 
tory, and plant-animal interactions 
such as herbivory, predation and 
dispersal, to plant-environment 
interactions involving resource 
use and disturbance’. Compara- 
tive, experimental and modelling 
approaches*-4 are employed to 
address questions concerning the 
process of succession, with a cor- 
responding reduction in emphasis 
on the end point of the dynamics5. 
In addition, the modem focus is on 
plant-by-plant interaction&J, and 
collective properties of ecosys- 
tems, such as biomass and nutri- 
ent pools8.4. There is also great 
interest in unification and gen- 
eralization among different suc- 
cessions9J03. 

Although the classical theory of 
succession is of limited use for such 
contemporary interests, the ideas 
of succession and climax continue 
to be useful and powerfullo. We 
wish to identify the useful kernels 
implicit in those concepts, and ex- 
plicitly summarize the contempor- 
ary paradigm that motivates the 
diversity of process-oriented re- 
search questions. Such a paradigm 
can organize and relate the com- 
plex array of mechanisms recog- 
nized by contemporary community 
ecologists. 

Classical ideas and assumptions 
The idea of succession arose 

when the emphasis of research 
was on the description of static 
communitiesli. In 1899, Cowles 
codified the revolutionary insight 
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that communities are dynamic’*. 
Recognizing the universal dynam- 
ism in communities was a major 
change in ecology. It added realism 
to the study of communities and 
included both compositional and 
structural changes. 

Succession 
Succession was assumed to 

be orderly, directional and 
predictablei*~i3~6. Early research 
documented the directionality of 
patterns, but unfortunately paid 
less attention to process. Succes- 
sion was further assumed to be 
autogenic, that is, governed by 
biotic interactions within the com- 
munity. The overriding mechanism 
accepted by the classical theory 
was reaction I3 or ‘facilitation’14, 
whereby early communities alter 
the environment to their detri- 
ment and favor later-successional 
assemblagesl4. Finally, early con- 
cepts focused on the replacement 
of entire communities driven to an 
equilibrium by regional climatei3J5. 

When the concepts of succession 
were applied to the field, especi- 
ally using long-term studies, the 
assumptions were found wantingib. 
Trajectories were disorderly, pre- 
cise predictions failed, and some 
successions cycled or ‘reversed’l7.5. 
Allogenesis, or the control of com- 
munity dynamics by factors origi- 
nating outside its boundaries, was 
common and often dominanP. 
Finally, inconsistent use of scale 
plagued the discipline. Although 
some workers focused on climatic 
and geomorphic regions, most 
focused on local stands, and con- 
tradictory patterns emerged. 

Climax 
Climax is the complementary 

concept to succession, and speci- 
fies the expected result. Although 
the composition and structure of 
successional communities were 
characteristic of a floristic region or 
resulted from a specific disturb- 
ance, all successions ended in a 
generalizable equilibrium state, 

the climax. The concept is therefore 
an abstraction, allowing com- 
munication and application world- 
wide. 

The climax is also an ‘ideal’, like 
the idealization of the frictionless 
pendulum. The idea of climax was 
defined so as to isolate it from 
influences other than regional cli- 
mate. The idea served as an impor- 
tant tool for bounding the study of 
succession. Without it, the great 
variety of specific trajectories and 
states that communities could ex- 
hibit would have been difficult to 
order. Unfortunately, an implication 
of perfection and harmony was 
associated with the climax concept. 
Clementsi3 himself took the climax 
and its connotations to be concrete 
on the coarse scale. 

The assumptions about climax 
were challenged soon after the con- 
cept appearedig-*I. Other factors 
were found to override climate. 
Concrete climaxes were rarely 
found, and ecologists needed to 
abstract across many sites to docu- 
ment climaxesis. Finally, with the 
refinement of paleoecology, cli- 
mate itself was seen to be unstable 
in the long term**. 

In order to accommodate the 
variety of supposed climaxes found 
in the field, a complex vocabulary 
was developed, including such 
terms as ‘disclimax’, ‘plagioclimax’, 
‘subclimax’, etc., reflecting control 
of the community by factors other 
than climate*i~23. in the classical 
system, the exceptional climaxes 
were still developmentally related 
to the climatic climax and were 
thought to be local or anthro- 
pogenic. Although other workers 
ignored’0 or modified*’ parts that 
did not fit their field experience, a 
complete, alternative framework 
was slow to emerge7. 

In fairness, our characterization of 
the climax as an abstraction and an 
idealization was arrived at in retro- 
spect, and depended on the tests 
of its assumptions that have 
accumulated over time. Clements 
and his early disputants did not 
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New conceptual insights 
There are two sources of new 

insights to apply to the concepts of 
succession and climax: philosophy 
of science and hierarchy theory 
(Box 1). Ideas from these areas help 
us to analyse the changing meaning 
of succession and climax. In ad- 
dition, theories of forces, as in 
classical mechanics or population 
genetics24, have a structure that is 
relevant to ecological theories25. 
Theories of forces allow under- 
standing of dynamic, multicausal 
processes, and have two relevant 
properties. 

First, theories of forces provide 
‘causal repertoires’, by compiling 
all possible forces or causes of the 
dynamic9 (Fig. I al. Specific stud- 
ies can draw from the causal reper- 
toires to determine which ones act 
or dominate in particular sites. For 
example, in an oldfield community, 
particular attention must be paid 
to interactions based on different 

make explicit the role of abstrac- life history characteristics7, disper- 
tion and idealization in succession sal interactionG7 and resource 
theory. We have also had the availability3. In contrast, recent 
benefit of new conceptual insights experiments and surveys have 
to apply to the climax and succes- shown that fine-scale disturbance is 
sion concepts. relatively unimportant in certain 

(a) THEORY OF FORCEB 

(b) THEORY OF 8UCCE88IONAL FORCES 

IDEALIZATION8 
SCOPE AND 
STRUCTURE APPLICATIONS 

Fig. I. Schematic representation of la) some components of general theories of forces and Ibl the 
relationship between idealizations, scope and structure, and applications of the theory of successional 
force+. Translation rules are important concepts or models permitting application of the abstractions 
of the theory to the field or in experiments’. 
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oldfield+. Comprehensive causal 
repertoires are needed to construct 
specific explanations in other sys- 
tems, and to put theoretical 
models29 into context. 

Second, theories of forces 
explain dynamics by specifying 
‘zero force’ laws, which indicate 
under what conditions the forces 
acting on the system produce no 
net change24. ‘No change’ refers to 
either states or trajectories. For 
example, Newton’s first law of 
motion is a zero force law that indi- 
cates under what balance of forces 
a body will either remain at rest or 
maintain a particular trajectory. 
Zero force laws operate only under 
certain ideal circumstances, and 
deviation suggests that other cir- 
cumstances need to be specified to 
explain or predict the dynamics24. 
For example, the Hardy-Weinberg 
principle is a zero force law that 
specifies the conditions under 
which gene frequencies will not 
change from generation to gener- 
ation. Net genetic change alerts 
evolutionists to seek forces, such 
as mutation, drift, selection, etc. 
Climax supplies a zero force law for 
vegetation dynamics. It specifies 
the conditions under which an 
equilibrium state (climax) would 
occur. 

Although zero force laws are cen- 
tral to theories, complete theories 
are conceptual systems having 
empirical content, hypothetical 
models, integrating frameworks 
and testable output25. The theory 
of evolution is the richest and 
most widely applicable biological 
theory24, and the law of natural 
selection is its most general com- 
ponent. To apply this higher-level 
law to particular cases, specific 
lower-level models of fitness must 
be used24r1. The often repeated but 
powerful couplet in ecology, ‘pat- 
tern and process’, is hierarchical. 
Pattern exists on one hierarchical 
level, but the processes causing it 
reside at least one level lowerTo. 

Vegetation dynamics as a theory of forces 
The concept of climax is clearly 

an ideal, equilibrium point of ref- 
erence. However, contemporary 
usage (Box 2) explicitly incorpor- 
ates non-climatic factors that might 
generate equilibrium structure and 
composition of communities21,9,31. 
For example, soils, herbivores and 
disturbance regimes are among the 
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factors that can be considered to 
determine community equilibrium 
on certain spatial and temporal 
scales32. 

The refinements of the early 
ideas of succession, and the diffi- 
culty of translating the ideal climax 
to nature, have led to a shift in em- 
phasis. Rather than emphasizing 
the end point, most contempor- 
ary work attempts to understand 
the patterns of the community 
dynamics and evaluate their 
causes33,34J. An idealized end point 
is not central to a process-oriented 
approach, but a scheme that identi- 
fies the major causes of vegetation 
dynamics is required (Box 3). 
Focusing on a particular site, we can 
state a ‘law of vegetation dynamics’ 
(Law 1, Box 3). (Because this gener- 
alization has broad applicability, 
and is in conditional form, it can be 
called a law.) This law suggests the 
scheme that organizes the contem- 
porary, process-oriented approach 
to community dynamics. It identi- 
fies the site, organism availability 
and organism performance as the 
major concerns. Site availability, 
being partially dependent on dis- 
turbance and other factors external 
to the plant community, is not a 
zero force factorIs, but rather em- 
bodies initial conditions. Likewise, 
the particulars of dispersal are far 
from ideal, and can be accounted 
for in stochastic or other models, 
but cannot serve as the generaliz- 
able core of vegetation dynamics 
theory27. Therefore, differential 
species performance emerges as 
the core process, and the remaining 
two processes, the opening of sites 
by disturbance and species avail- 
ability, define the initiation and 
boundaries in which differential 
performance can act. 

Differential species performance 
has most often been discussed as 
differential tolerance to physical 
and biotic factors7~14~1~2. At the most 
general level of application, it is a 
net effect of the different autecol- 
ogies of specie@. It expresses the 
zero force dynamic of vegetation 
theory, which can be called the ‘law 
of dynamic tolerance’ (Law 2, Box 
3). This zero force law is so fun- 
damental that it has underlain, 
albeit tacitly, all the major work on 
succession in the last two decades, 
and has motivated the contempor- 
ary process-oriented approach. It 
was adumbrated by Gleason36 in 

1917. The concept of initial floristic 
composition also embodies sorting 
among a suite of species present at 
the start of succession, based on 
their differential tolerance37. The 
empirical inputs, needed to predict 
whether the ideal dynamics based 
solely on tolerance will appear in a 
particular site, are the species 
autecologies, including ecophysi- 
ology, architecture, etc.’ The order 
in which contrasting autecological 
types dominate a particular site will 
depend on whether resources in- 
crease or decrease in availability 
during a particular succession. The 
specific mechanism of tolerance 
will depend on the balance among 
limiting resources through times. 

Evolutionary basis of the zero force 
relationship 

The zero force relationship in 
community dynamics has an evolu- 
tionary basis. Differential tolerance 
among species is explained by the 
principle of allocation, which states 
that an organism partitions its 
limited assimilated energy among 
competing functions38J9J. Although 
this profound principle has some- 
times surfaced in problematic 
dichotomies such as r- versus K- 
selection, the difficulties of those 
applications do not discredit the 
basic idea. When patterns of allo- 
cation are genetically determined, 
they can be summarized as 
strategies. Strategic contrasts be- 
tween early- and late-successional 
species appear in many processes, 
e.g. plasticity, photosynthesis and 
transpiration, canopy architecture, 
anti-herbivore defense, propagule 
banking and dispersa138f2r40. The 
existence of mutually exclusive allo- 
cation strategies’,3 are expressed 
in community dynamics as species 
individuality. 

Species individuality takes two 
forms: pattern individuality and 
process individuality4’. Pattern in- 
dividuality appears if species dis- 
tributions are statistically inde- 
pendent on a gradient. Whether 
an individualistic pattern appears 
depends on the degree of discon- 
tinuity or steepness of the under- 
lying gradient21. The degree of indi- 
viduality in species pattern may 
also depend on the methods and 
parameters used to examine com- 
munities along gradients. Species 
presence/absence versus species 
cover data, and multivariate versus 

univariate assessment of pattern, 
may yield different estimates of 
species individuality over the same 
gradient42. 

Whether species distributions 
appear to be individualistic or not, 
theunderlyingprocessesgenerating 
distribution along environmental 
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VEGETATlfJN DYNAMICS 

Fig. 2. The hierarchy of causes of vegetation 
dynamics, which provides a complete causal 
repertoirer. Some of these components are 
characteristics of the organisms or the com- 
munity, while others are features of the 
environment. General causes must be de- 
composed into component mechanisms, 
constraints or interactions to design experi- 

I I I I I I 

ments and construct models appropriate to specific sites. Site availability, differential species availability and differential species performance can be 
considered to act in sequence after a catastrophic disturbance, or to act in different patches in a mosaic landscape*. In a closed community undergoing 
gap phase dynamics, only fine-scale disturbance is likely to be relevant. Note that some general causes, such as initial coarse-scale disturbance, are 
decomposed into characteristics that correlate with environment, rather than into the detailed environmental factors themselves. See Ref. I for further 
details. 

gradients are necessarily individu- 
alistic’. Species must respond to 
the physical and biotic environ- 
ments based on their strategies 
of growth, resource partitioning, 
architecture, and capacity for 
phenotypic plasticity. Soil resources 
and light are common currencies 
in the sorting out of species along 
environmental gradients in time 
and space, and they have been 
accommodated in many models 
of vegetation dynamics3e4. Con- 
founding pattern and process indi- 
viduality may have contributed to 
the continuing debate about the 
individualistic nature of the com- 
munity. 

Application of the theory of forces to 
successions 
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The central law in vegetation 
dynamics (Law 1, Box 3) must be 
complemented by other factors43 to 
apply it to the field or in specific 
models (Fig. lb). Additional layers 
of mechanistic complexity are re- 
quired (Fig. 2). A hierarchy of suc- 
cessional causes’ provides a causal 
repertoire, and indicates factors 
that may override or modify dif- 
ferential species tolerance in com- 
munity dynamics. The law of 
vegetation dynamics indicates the 
three realms of processes: site 
availability, differential species 
availability, and differential species 
performancel. All three processes 

must be decomposed into more 
specific causes43, which include 
boundary and initial conditions 
(Fig. 2). 

Status of community dynamics research 

In cases where species autecol- 

The law of dynamic tolerance 

ogies do not match the community 

predicts that the patterns of spe- 
cies turnover and dominance in 

trends, studies are required to de- 

succession should reflect species 
autecology. There are several strik- 
ing cases of congruence between 
community pattern and species 
performance that have been dis- 
covered in the attempt to test 
this predictiorG3~~. However, to 
extend such tests to other systems, 
and throughout successional time, 
contemporary research addresses 
several problems. FiNt, long-term, 
quantitative studies of community 
composition and structure through 
time are remarkably rare. Indeed, 
there are very few successions in 
which resources and other en- 
vironmental factors have been 
measured along with population 
turnover. Combined study of the 
demographic mechanism and as- 
sessment of its environmental 
basis is a major goal of contem- 
porary succession research. Much 
more research is needed into the 
autecologies of mid- and late- 
successional species. 

termine the factors other than en- 
vironmental tolerance that control 
succession. Experimental tests of 
the relationships of species to re- 
sources in the field, and of the 
potential role of intervention by 
factors other than resources, are the 
next logical steps’ (Fig. 2). Several 
promising areas include the role of 
herbivores40, the quantitative im- 
pact of different modes of disper- 
sal and landscape configurations27, 
and the significance of fine-scale 
disturbances and biotically gener- 
ated debris and litter in community 
tumover7r44. 

Comparative studies are one of 
the most promising of the tools 
available to contemporary re- 

Other areas of concern are the 
determination of ecosystem par- 
ameters that are not simply sum- 
mations of individual metabolism 
and interactions, and the linkage 
of aquatic and terrestrial systems 
through successions. Most contem- 
porary research on succession has 
focused on the population and 
community levels, leaving the ex- 
plicit relationship between popu- 
lation performance and ecosystem 
function poorly known. Although 
the works of earlier generations of 
students of succession are replete 
with insights and profound quali- 
tative observations, much remains 
to be quantified and addressed 
with long-term studies. 
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searchers. Many of the generaliz- 
ations about succession derive 
from a very small number of cases, 
and forest and herbaceous com- 
munity dynamics are poorly linked. 
Not only does the empirical basis 
of these generalizations need to be 
strengthened, as noted above, but 
their applicability across systems 
must be tested. A taxonomy of 
cases, based on the resource level 
of the site, disturbance regimes, 
species longevity, or other major 
controlling factors*, needs to be 
erected to ensure that generaliza- 
tions are properly framed. The fun- 
damental role of resources as they 
relate to the law of dynamic toler- 
ance requires comparative and ex- 
perimental test. 

The contemporary modelling 
efforts must be expanded. Re- 
source-based models of biomass 
allocation and trends are indeed 
growing to include factors such as 
disturbances. And the demographic 
models, so successful in simulating 
forest succession4J9, need to be 
expanded to the entire range of 
secondary successions and to in- 
corporate realistic dispersal and re- 
cruitment parameters. We hope, too, 
that the broad framework reviewed 
here, centered on differential spe- 
cies performance but showing the 
place and role of other factors, can 
be used to help unify the diverse 
and growing body of information on 
one of the universal phenomena of 
the natural world. 
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