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we forget that, though science can census grizzly bears, dusky mm.mmim spar-.
rOWS, and wwmw&\o: cypresses, and recommend mmwaowﬂmﬁm habitat ?,ogn- .

tion plans, it cannot make final decisions. That is the job for humans gwwo
value one set of goals and outcomes over another” So, in concluding

‘The Shifting Paradigm in Ecology

Chapter 21 and completing our book, Grumbine leaves us with a broad -
theme that runs through the center of these 21 essays. Humans must as-
sume their responsibilities of earth steward, and this can o&% be done by de--
veloping values which, while keeping us at the center of things, Emﬁm. us feel-
duties to the health and welfare of this planet, which has sustained us
through our evolutionary history and is today burdened by the weight of our

._ S: T. A. Pickett and Richard S. Ostfeld

To the ecological mind, balance of nature has merits and also defects. Tts

cultural growth.

merits are that i conceives of & collective total, that it imputes some
utdlity to all species, and that it implies oscillations when balance is dis-
turbed. Tts defects are that there is only one point at which balance occurs
and that balance is normally static. —Aldo Leopold
The River of the Mother of God and Other Essays

This chapter summarizes how the science of ecology has changed over the
“Jast few decades, and explores the implications of those changes for nat-
ural resource managers. The changes we describe are the most general
ones a science can exhibit: changes in its paradigm. A paradigm is the
‘viewpoint a science takes of the world, which consists of the often unspoken
background assumptions of the science, and the way the science approaches
‘and answers questions. These two components are often summarized as a
world view or belief system, and the exemplars for problem solving.
Because a paradigm is so broad in scope, it is an excellent way to encapsu-
late the more detailed changes in data, techniques, and theories that a sci-
ence might experience.

- We use the synthetic tool of the paradigm to suggest the management
. mmplications of some of the vast changes that ecology has undergone, Many
~of these changes reinforce changes in management strategy already being
practiced, while others invite continued evaluation of management goals
and techniques.
"We first present elements of the classical paradigm in ecology. We then
mdicate the implications of the classical paradigm for resource manage-
ment. The failings of the classical strategy are indicated in general terms.
The relationship of the classical paradigm and management to the everyday
metaphor of “the balance of nature” will be explored. Because the classical
- piradigm has failed, we outline the new paradigm in ecology, and point out
its significance for management. Along the way, we describe a metaphor,
the “flux of nature,” which is consistent with the new paradigm, and discuss
important cautions that managers must practice when employing the new
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time considered concrete states that must exist in nature, Such a focus on
wmumwwmcs points limits the explanatory mechanisms that can be applied to
answer ecological questions. Examples of equilibrium points include the
wi%m “climax” state for a community on a coarse scale, the fixed carrying ca-
pacity of a population and the saturation number of species fixed by re-
source partitioning in a community.

‘When the classical paradigm allowed change in ecological systems, it was
by fived pathways. For example, successions were deterministic in %umw they
. Hm.&wwmm that invading plants appear before later stages; overshoot of a pop-
ulation from its carrying capacity would necessarily decline again to that
Mﬂdr perhaps with orderly fluctuation around that constant; community
: ﬁwﬁwmarw@ would be reproduced after a perturbation. ,

, Disturbance was thought to be an exceptional occurrence under the clas-
sical ecological paradigm. This meant that the primary goal of ecological
studies could be the understanding of undisturbed systems. As a mmmﬂc:
ecologists emphasized pristine and apparently “natural” systems. Eﬂmwmm.u
Em.mx they could focus on the return of systems from a disturbed state to the
ingle point of equilibrium. Ecologists largely ignored such systems that
vere burned or blown down, populations apparently not Hm%pgmﬂmm inter-
nally, managed landscapes, and organisms living beyond their usual ranges.

| ..,.mmam:m were not considered by ecologists to be part of the classical par-
m&mn._ because humans violated, either accidentally or intentionally, man
m,.m.mum other assumptions of that paradigm. Humans were often mmm@oﬁ&v\
eft out of ecology because they introduced multiple states to systems wmﬁmm

! .mmmmﬁ&mmo@ agents, transported materials and organisms wm%o:m their
Ez& distributions, acted as external regulators of ecological systems, and
revented orderly, deterministic successions. v

paradigm and its common sense Jabel. The new paradigm calls for ne
kinds of management, such as process management, ecosystem manag
ment, or adaptive. management. But it also calls for a firm ecological fou
dation, and a broad and careful vision in its application.

The Classical Paradigm in Ecology

The classical ecological paradigm comprises six key points that form a nef
work of closely related background assumptions (1). Historically, ecological
systems were considered to be primarily closed, self-regulating, and subject
to a single stable equilibrium. Furthermore, any changes in communities 0
ecosystems through time were thought to occur by successions that must af
ways pass through the same phases. Any disturbances that might affect na
ural systems were considered to be exceptional events, and humans wer
excluded from the roster of normal ecological factors. What does each of-
these points mean in real ecological systems? Before giving examples,
must emphasize that the points refertoa whole array of ecological units an
entities, including individuals, populations, communities, landscapes, 47
ecosystems. Throughout this chapter, the term system is used to mean an
of these units of ecological interest. :
Considering ecological systems to be closed means that the importan
structures and interactions occur within the boundaries set for studying,
them. Even ungler this assumption. of course, thermodynamics calls foren-
ergetic openness of ecological systems, and ecologists have uniformly rec:
ognized external physical constraints or inputs imposed on ecological sy
tems by climate. Thus, assuming ecological systems to be closed
paradigmatic only when applied to the local factors that ecologists invoke to
explain the mechanistic workings of their objects of study. For example, the
nutrient capital of an ecosystem would be derived from weathering of the
local bedrock or parent material; and the organisms involved in importa
mutualisms would be local residents only. :
The paradigmatic assumption that ecological systems are self-regulating
follows, in part, from the assumption that systems are closed. If systems are
indeed self-contained, then they must be internally regulated if they are
persist. For example, the local cycling of nutrients would govern produc:
tivity; within-community interactions would account for species coexi
tence; internal interactions within populations would regulate the densityo
the population. i
Classically, ecologists focused on single, stable equilibria as the definin
points of reference for their systems. But such end points were taken
much more than useful abstract points of reference. They were for along

mewmoawmw to Resource Management

The: nmmmmmo& paradigm has clear parallels in classical management. Not all
esource managers have accepted all of these assumptions, however, as
here have always been independent and visionary practitioners (2). mbmwum@
woaom of these assumptions is W:memmmwmq seen in the management oww
.,m.mﬂm& areas. Laying out the assumptions in their bald form, as we do here
aimost immediately illuminates their barrenness. u

YWSTEMS AS CLOSED

%, managers accept this assumption, they would consider any unit of the nat-
H.& world to be manageable as a separate entity. National parks would be
cordoned off, toxic waste sites would be mitigated as isolates, an endan-
ered spectes could be saved as an entity. u
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SYSTEMS AS SELF-REGULATING -
The internal dynamics of natural resource systems would m.&zmﬁ to envizon:
mental changes. Such systems could simply be left alone if they were mm.._wm.
regulating. For example, a mammal population would .vm mmm&ﬁmm byi
ternal behavioral and reproductive feedbacks to maintain a .H,mwmgm@ stabl
density through time. Likewise, a species &ﬁ&uﬁﬁm mmwowmw.w mw.wommmoﬂ
Jandscape would maintain its density and distribution by m&a%ﬁm rafes 0
immigration and emigration among patches. %memmou.m.v the dominant in
gredient in management of many systems would be benign neglect.

the system. For example, the assumption that fire did not belong in pre-
umably equilibrium systerns led to its exclusion from management strate-
ies in ‘many systems. A related error is made by those who believe that a
rge patch of windthrown trees in a moist, broadleaved forest is an unfor-
mate scar rather than an event that is part of the dynamics of such forests.

MANS EXCLUDED

he assumption that humans are not a component of systems to be man-
ged could lead to management plans that neglected historic or contempo-
H%rcﬁma influences on a particular system. If such influences were actu-
yimportant structuring variables in the system, the management strategy
ould be flawed (5). For example, forgetting the effect of Native Americans
onvegetation and animal communities could result in neglecting important
logical controls on systems. Neglecting human effects is unfortunately
asy, because many such effects are subtle, or originate at a distance from
¢ site of interest.
In pointing out the general ways in which the assumptions of the classical
ﬁw&%u could translate into management decisions, we have suggested
ow they can fail. In idealizing and simplifying the ecological world, the
enets of the classical paradigm have blinded ecologists and managers to
mitical factors and events that can govern systems. The assumptions have
so-caused scientists and managers to neglect important dynamical path-

vays and states, and to disregard important connections among different
ystems (6).

EQUILIBRIUM AS A POINT

Systems possess a single point at which their ooﬁmomwmcw or msﬁom.om _S
equilibrium with the environment. The implication is Em.ﬁ ecological 5y
tems are at or close to equilibrium. For example, thereisa single mﬁmwwo.mﬂ
for vegetation set bya wmwmn&mﬁ climate, soil, elevation, and exposure. H...%
wise, the “carrying capacity” for a population is a fixed .o.osm.ﬂmbw. If a single
stable point equilibrium is the dominant kind of mwm.dwr.J\ in nature, ..%m:
managers can simply observe how nature is at any one time, mwm @.o swm
ever is necessary to maintain that state. A second bias about equilibria mo.@‘
in the classical paradigm is that they were the most mmww«mmw@ state of natll
{3). These assumptions about equilibria as fixed points link with the wa..
vious one to underwrite management by benign neglect. 3

SUCCESSION AS FIXED

This assumption suggests that systems subjected to a &mgmwmbnm i:.ﬁ
cover their previous state through an obligatory succession. gmzmmma.ﬂmm
usefully help the rate of succession along, but the pattern of states E«om

time is fixed, and it inexorably leads to the expected end point, which W
often assumed to be the most desirable state of the system. For example, a
though the post-agricultural succession in tallgrass prairie was long consi
ered to be the necessary sequence of annual weeds, annual grasses, bunc
grasses, and climax prairie, that sequence is not often found (4).

alance of Nature and the Classical Paradigm

rm...?.mcmom of natural resource management, at the very least, it is clear
at the two areas have shared many of the same assumptions in the past.
his: situation may reflect the cultural origins of some of the largest as-
umptions any science makes. Ecology and resource management may both
ve adopted certain key components of their classical outlooks from the
.am.mnmoawq (7). Such a situation is suggested by the pervasiveness and ap-
rently comfortable acceptance of the idea of the “balance of nature.”
The balance of nature is a poorly articulated idea that is a cultural
metaphor rather than an exact scientific concept. The metaphor implies
hat natural systems exhibit tight control and adjustment to an equilibrium
tate. It has extremely deep historical roots (8), is held in high esteem, and
often is misused as an apparently unassailable bastion in discussion. Be-
ise the idea is not scientific, it is unclear just what its assumptions are,

Yhile it would be unwise to either blame or credit ecology for too much of

IISTURBANCE AS EXCEPTIONAL

1f disturbance, the disruption by a sudden event of Mrm structure, TESOun
availability, or environmental controls of a system, is seen as very Ul
common or restricted in space, then managers could make and execule
their plans without taking it into account. This assumption .éocE Emm am
agers to be unprepared for disturbance when it finally did occur. The o
sumption could even lead them to attempt to prevent or to compensate ii-
appropriately for the effects of disturbance that should in fact be a mwmo
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t focuses our attention on the fact that natural systems, which certainly do
persist, do so as a result of a variety of fluxes. These include not only the ob-
ious exchanges of energy and matter that are the currencies for trophic re-
ationships of species, but also fluxes that range from the relative migration
‘various phenotypes and genotypes, through the shifts of dominance
vithin communities, to the movements of patch types in landscapes. Many
ther kinds of fluxes could be cited. Some may exhibit equilibrium distribu-
ns while others may exhibit erratic or steady trajectories.

The new paradigm also must accommodate the contradiction of the six
ackground assumptions of the classical paradigm. Ecological systems are
S.u\m closed, but rather experience inputs such as light, water, nutrients,
lhation, migrating genotypes, and migrating species. Note that the novel
mphasis of the modern paradigm is not that ecological systems are self-
.m.m_E.m&:mv but rather experience important limits from external sources.
r example, successional rates can be controlled by herbivores from adja-
It communities, and populations can rely on mutualists that reside else-
eré. Stable point equilibria are rare, although some systems of sufficient
e and duration may exhibit stable frequency distributions of states. For
wample, a landscape may be a shifting mosaic of patches or community
types, and in some cases, the number of young and old communities can re-
aint constant, even though specific spots change as a result of disturbance
nd succession. Successions are rarely deterministic, but are affected by
ecific histories, local seed sources, herbivores, predators, and diseases.
isturbance is a common component of ecological systems, even though
me sorts of disturbance are not frequent on the scale of human lifetimes.
nideed, many biotic interactions have the same sort of impacts as physical
i Eﬁwmwommn like wind and fire, in altering species composition, interaction
efween species, and availability of resources in systems. And finally, land-
apes that have not experienced important human influences have been
ie éxception for hundreds if not thousands of years (12).

hese points together constitute the contemporary paradigm in ecology.
sense, this contradicts the classical paradigm, since it shows that the
sical background assumptions are not necessarily true. But although the
lassical assumptions are not universally true, on certain temporal or spatial
les'and under certain conditions, those assumptions may apply. For ex-
Bmmmv equilibrium states can be a special case under the new paradigm.
hie new paradigm does not deny the empirical existence or theoretical
tility of equilibrium states as special cases or points of reference, but it
-dogs not assume that equilibria are the dominant or controlling states in the
eal world.

6 far, we have treated the new paradigm as both a contradiction of the

where and when it might apply, what mechanisms might lead to it, mﬁw ha
i it, o
omﬁw“_mw wgom,oﬁmﬁﬁm metaphor can stand for some 4&& scientific
ideas. The fundamental truth about the natural world that the &m.m may MM .
late to is the fact that natural systems persist, and .%m% do so by &mmwmw.ﬁ&
response of various components. The idea also points toward the eco Mmsm
principle that there are limitations in natural systems. Z 0 ooﬁmomwm@o
natural ecological system, at whatever level of organization, grows %ﬁ o
limit. Furthermore, the idea also indicates the mam.@cmmm% owwmﬂ\_m Q.mu..
of ecological systems toward equilibrium states, given a %mo.&m@ mmﬁw
ment and a sufficiently long time. Examples are density-depen e :
processes (i.e., the tendency of populations to grow é.vws mEmw and mg.s
when large) and the existence of successional trajectories v.% s.%wor comm
nities tend to approach a stable “climax” state. All these principles are wg
erful ecological generalizations. But, ecologists themselves have sometim
relied on the venerable, yet vague, metaphor of the “c&mwnm.m.m mmmw.ﬂ
represent these principlesina wm.uw:o dialogue about conservation an Ems
_This is inappropriate for two reasons. :
mmmm_wMMﬁ me _umwmwo%mwwmﬁmwm metaphor has mmno:m.mﬁmﬁmmo&m even as 4
vessel for valid ecological generalizations. It can Tl @mcmww .Eﬁo.mnn%wﬁm
equilibrium points as persistent, and into assuming that trajectories m.cmw
presumed equilibrium will necessarily mcnnm@m“ mmo.os@, the BQ.M ww i
heen closely associated with the classical _,umwmmwma in monomW. wi its w
phasis o equilibrium, containment, regulation, mbm 50 ON. M is ym a mm.mwn ‘
Hability now that the basic assumptions of the &mmmnmw paradigm in Mo‘_ﬁ@
have failed. The failure of the classical paradigm s most cogently indica
by how rarely a stable equilibrium point is actually mowmmé@ (9). Q.Mwﬂmﬁm ..
on equilibrium-seeking tendencies are common and effective, mw i mm,gﬂm
by the burgeoning study of natural disturbance ﬁo.v. HWm meM@ es 0 mw,m ;
assumptions of the classical paradigm we gave earlier in m.:.w c mﬁmm in M.n. :
the pervasive problems with them. We elaborate the failings an m.m.m ace

ment paradigm below.

The Flux of Nature and a New Paradigm

The pitfalls of the classical paradigm calls for a pew paradigm in wm%o
The nonequilibrium paradigm can be connoted in @.ﬁ.ﬁmﬁm@rg the o
nature” (11). The term flux highlights variation, fluidity, and owmbmm.am. !
ural systems, rather than stasis, which is implied by the wmg._ wawaxﬁw A
though this metaphor does not deny the existence of stable pointsin wwﬂ



268 111  THE Futuke .mw.mmhm.:zo ParapicMm ixn EcoLocy 269

%.ME%mmnm to the biomass value. In contrast, observing species composi-
tion of that same prairie over decades accommodates a regime of m%% as a
m&mﬁ part of the system {21). The contemporary paradigm equips us to
mmﬂgﬂr the structure and function of systems regardless of what scale the
mﬂ.nwmwmcmm on, and whether that scale incorporates all disturbances ow\
regulatory factors within the system. Of course, the lives of both scientists
Jﬁm_ﬁ.mmmmwa become simpler if we are assigned complete systems that in-
wm.ﬁ&ﬁm all important factors and exist at scales over which @mmmm‘vmca can
be mzﬂmmm. But neither the natural world nor administrators are usually so

old and an expansion containing the good points of the classical paradign
To completely appreciate the new paradigm, we must examine several oth
rmodern tools for understanding the natural world. R
The entities that ecologists study are parts of networks. This, of course
emphasizes the openness of systems, and the potential that regulatio
sides outside the system of interest. For example, changes in population
other than the one an ecologist is trying to understand may change or.co
strain its density (13}, Interacting populations may be inconspicuous, su
as parasitic lung worms relative to their elk hosts. Or the interacting po
lations can live separately from the focal population for a time. For instanc
the butterflies whose larvae attack passion flower vines rely as adults on th
flowers of cucumber vines that live in entirely different habitats {14
Changes in number of a prey population may result from asynchronio;
changes in the dynamics of a predator population that indirectly-affects
aumbers (15). Similarly, there may be lags between the time a populati
receives a signal from other populations, and the time when it responds
?.omaoﬂé@ or behaviorally (16). Finally, internal changes in the wom&w.
of interest, whether genetic or phenotypic, may affect how that popula
responds to other populations and physical signals (17). In a sense, fordl
population level of organization, the general message is that populath
ecology must in fact be community ecology (18).
In studying networks or communities in ecology, relating change and §
bility become important tasks. Pimm (19) has defined four kinds of chen
in netwogks. Resilience is the rate of recavery to a specified former st e
Persistence is the period over which a state exists before a new sta
reached. Resistance is the change in a variable following change in int
acting variables. For example, an ecological community is resistant if
species composition changes little after the invasion of an exotic speciet Fi
nally, variability is the degree of change over time. Variability indicates thal
fuctuations are accounted for in Pimm’s (20) conceptual system. .
The new paradigm recognizes that understanding and working withe
logical systems depends on their spatial and temporal extent relative to
extent and duration of processes and structures in those systems. Scale is
term used to describe the relationships between two measurements suc
extent over which a process occurs and spatial extent of a system. Scali
determines what is internal or external to the system. Whether some ¢
is considered a disturbance or not, what is considered normal variat
what is considered self-regulation, and in fact whether the system is mn._mum
librium, all depend on the scale the system takes. At some scales, eventsth
are considered external disturbances become incorporated into the syst
For example, observing biomass of a prairie overa few years detectsaf

A final spur to adopt the new paradigm is the growing awareness of chaos
2). Chaos technically refers to system behavior that seems totally unpre-
Qm.Em and random, but is driven by strictly necessary {deterministic) mmwm-
tionships without any random elements. Although exactly how chaos might
.wm.n%mmmmmm in ecological systems, and whether our data sets are long or mw;
ﬁ.ﬁ@nw@@w to allow that detection are open questions {23), the %ommmwwm#%
of ...&.H.mom.s ecology casts further doubt on the utility of the mﬁwﬂmmvncﬁ ar-
m&mﬁ with its focus on linear, deterministic relationships (24). d

&?ﬂ:ﬂm@ for New Management Strategies

e .wwé already outlined some of the ways traditional management ap-
E.mmowmw have been limited by the classical ecological paradigm wwméﬁmw
%.ﬂ,o..gm to be closed and self-regulating, and to possess a stable mo&ﬁ e mm
E.m.wﬁ reached by deterministic successions after rare disturbance @<M:ﬂ.
unaffected by humans, has reinforeed a particular philosophy of mana ,w
agw....\wm%moum_ kinds of limitations have grown out of this classical NMM;
mmwﬁ_gmbmmmémﬁ has been limited by its focus on individual com oMmmwm
Tsus management of systems (25). d
_m..m.m.m we want to emphasize the organizational implications of the term
system. A system is any collection of entities linked by functional relation-
mw%m..”ﬁmbm%wm an individual entity may neglect important relationships or
oomwmﬁm.mumm are in fact critical to the persistence of the focal entity. %Eu-
agoment of commodities, for example, may neglect the m@BmEm@..oM the
&aﬁ? @.u@&mm% inconspicuous or infrequent interactions, on which the
SMm,B.om&\ depends. Managing an individual population, m:qow as a fishe
&mo an example. Modeling specific fisheries as isolated populations rwm
cmmw failed to predict the collapse of the stock. While obvious requirements
such s habitat and food may be provided for, the structuring of Msw opula-
:%.ww historical events, or its periodic control by fluctuations in E%cmmm%
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and structure in undesirable ways. Many are shifting to a predominance of
‘ammﬂn.u with a concomitant decline in understory diversity. One Bm.o%“o
which adaptive management can be useful is in refining the Wmmwm Bommmvm
E@ system. The failure of 2 management strategy may indicate that th
.om&. of the system is incomplete, perhaps because it does not incorpor ﬂm
some important flux or connection that actually functions in the s mﬁmﬂw M g
cause conceptual models of systems, whether they be wﬂommawmow M.MW:MH

capes or nature reserves, are always tentati u
L : ive, s sy i
toadopt widely. Y ch a strategy is important

or consumers may be harder to detect without an explicit system approa
For example, the decline in the black-footed ferret resulted from bothad
cline in availability of its main prey (prairie dogs) and the introduction of ¢
nine distemper resulting from close proximity to humans and their pets-An
additional danger of focusing on isolates of systems is that desirable attri
ates of the entire system may be damaged in the effort to optimize a sinj
entity (26). This has been the case with isolated guilds, such as edge-
requiring wildlife, which have been managed to the detriment of more sen
sitive forest-interior species (27). The increase in white-tailed deer and th
brown-headed cowbird are examples of untoward results of management 0
a single guild or species. Deer inhibit forest regeneration, while the para
sitic cowbirds reduce the nesting success of forest interior birds. .
The contemporary paradigm suggests that the fluctuations in the natur
world are not simply oddities and dismissable excursions from naturg
«roal” state. Rather, fluctuations in the form of physical disturbanees; cli
mate shifts, population cycles, range shifts and the like are significan
normal parts of the real world. Management cannot proceed as though suc :

fluctuations did not occur or were not important. Managers must m:.oo.mmma nm.m.m.moc over time. However, the concept of “process” should b
though fluctuations mattered. : 00 narrowly. A narrow meaning might focus solel oo:v. o ﬁmm.ﬂms
Fortunately, just as we are now in a scientific window of opportunity for flovis without concemm for the diversity of Eo._o .o&v\ o mommoow.awﬁmom_
developing and applying new management strategies, we may well be in ith biogeochemical transformations. Ecos mﬁmQWomm%ﬂmmmm M&a e
social window as well. There are enough well-publicized and debated cas tosuch a form, consisting of hoxes for mmmvv ools of Mm Ewmmm en reduced
of the failure of classical management, or of the failure of policy that did not showing the chemical transformations MS.%E the chemicals and arrows
account for the flux of nature, that the time may be ripe for establishing a ecosystem Scientists recognize the community and moo&mmﬁm,r However,
new foundation for management. Management within a world of operi sy the biogeochermical pools and transformations e mo%: mﬂ.Ob context of
tems that are subject to internal and externally driven fluxes can be labeled stract model (30). neapsulated in such an ab-
‘But we must recognize additional kinds of processes in management. A

and whether its focus is on some spatial unit or on some dynamic proce: 2
; ude the following: (1) disturbance regimes; (2) movement of materials

management must be able to adapt to natural change.
energy, and organisms; (3) succession; and (4) species interactions. It may

Fortunately, there is an emerging m@%mioﬂwmu:wmmoooSBomwannwo
natural flux, that of adaptive management (98). Under this strategy, the go be-necessary to prioritize processes and manage to optimi it

; S mize certain ones,

depending on the goals. However, even if only one or a few maonmmmmmwwmwo

of the management plan are m&n&&mmammﬁmmmm%moﬁ Eowmwom.?m .
system that should encompass the components, interactions, and likely fluc -optimized, their relationships to other processes must be kn

P o -

Smcoaﬁmummwgwwﬁmc%ﬁmmm‘ own in order

tuations. Then, appropriate techniques are applied to the system, the rest
. &Mﬁc%ﬁﬁm w@%ﬂm is the spatial and temporal pattern of disturbance
‘mm«mm.#nomﬂﬁmo:gmmmw?mim:m&mm,ﬁmwm,&mﬁwcmommm:m

are monitored, and the tactics or even the goals are modified according
frequencies of disturbances that affect a system. The term disturbance

what is learned from the response of the system. In other words, mana
ment can, like science, be used to test hypotheses. The difference is that :
Hmmas does MMM mean that the identity, temporal, or spatial patterns of dis-
rbance are fixed and regular, only that such distributions can be charac-

testing management hypotheses, the purpose Om%mgmwmmmgmﬁn:w
changed if it is found to be unrealistic, ineffective, or counter to the persis
s terized and understood as s :
s ystem attributes. They can be i
BemmmmﬁmmmowgBmmmmmamww Y modified and

tence of the system (29).
ﬂm&ﬁmﬁ of materials and entities is a second focus of process

mﬁ.nnmm Management and Its Constraints

e w%m mm& that management for maintaining processes that structure th

3 MRB of interest is especially appropriate to the new paradigm in ecol .
wn..mw.oomm.mmm include the relationships to environmental m“ocaomm Mmm
m&ﬁowmv mteractions among Muomcmm&ommu and system .&ﬂmsﬁom Oor suc-

For example, the management by neglect practiced in many old-growt
oak forests has been found to permit those forests to change compositio
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dsus to consider the landscape or regional connections of the situa-
o'be managed (36). And the metaphor, flux of nature, is 2 reminder
hat the nature of the system and its context can both change through time
sometimes episodically. ,

management. The things moving can be either abiotic or biotic. Abio
fuxes include the familiar ecosystem fluxes of energy and nutrient:
human-modified landscapes, which is begiming to mean most.of
Earth, the materials would also include pollutants and plumes of thermall
altered air and water, which can interact with natural ecosystems, Commi
nities, and populations. ‘ “

Biotic fluxes include the movement of organisms. The specific process
include natural dispersal, migration, and the transport of exotics. But biot
fluxes also involve larger scales. Shifting mosaics of communities in land
scapes is an example of a coarse-scale biotic flux (31).

One of the most universal of ecological processes is succession, !
change in community composition or structure through time. Success
must therefore be a concept in the toolkits of all managers (32), Tt is drive
by characteristics of sites determined by natural or human disturbances.
the differential availability of organisms, and by the differential perfo
mance of organisms at those sites. Managing a system without informatio
on its successional status or rate is risky, and is likely to produce unexpected:
results (33). o

Species interactions are among the most well-known interactions th
must be managed. Although interactions are often labeled by their “ne
fect” on the populations involved, such that competition is a joint nega
effect and mutualism is a joint positive effect, it is important to know:
how such interactions proceed. This is because there can be hidden, in
rect owmmmm of effects, or interactions mediated by third parties. Thus;
petition between two species may be only “apparent” (34}, and the outcome
driven instead by the stimulatory effects of one of the species in the "o
petitive pair” on an enemy of the second. Voles and shrews are affecte
the same predators, and change in one of the prey species may cause
predator to change its impact on the other prey (35). If just the small ma
mals are studied, the dynamic would appear as competition. Indirect effects
such as apparent competition appear to be legion in natural communities

How does a process approach to management relate to “ecosystem Iz
agement”? In reality they can be considered the same thing, because a good
management plan will be based on a comprehensive model of an ecosyste
The model will indicate the spatial extent of interest, the inputs and ot i
of resources and populations, and the direct and indirect interactions
populations, as well as the interactions between the populations .w.n.
physical substrate and fluids in the ecosystem. So ecosystem managemen
must include the processes that occur within that ecosystem and which con
nect it with others. The phrase ecosystem management is valuable becats
of the spatial implications of the term ecosystem. Ecosystem Bmwmmﬁw

Caveats for Using the Flux of Nature

The-metaphor, the flux of nature, is a powerful tool for communicating the
W cological paradigm. It reminds us that the basic substance of nature
he networks of species interacting with one another and exchanging matter
d.energy with their surroundings, do persist over long periods. But the
persistence is the result of dynamism and flux on different scales (37). The
__H.wzmmmm of species change in identity with evolution on the long term
dwith natural disturbance and sucecession on the short term. The mmmmgu
blages shift in local composition and architecture on the local scale, while
the arrangement of patterns in landscapes shift under disturbance regimes
%mmmamﬁw change. The richness that evolution has produced is a response
the opportunities produced by disturbance, natural extinction, climate
shift vmmm the arrival of new immigrants. On a more local scale, even though
Hr.mmﬁ.m frame may be long for an individual human life, the fall of a mature
tree in an old-growth forest generates opportunities for establishment
growth, or reproduction of species that had been excluded from or mmw.,
sed on the forest floor. Various animals, microbes, and plants may use
ew site, while others avoid it. But over the long teym and large m«mmm,
 variety of opportunities, resources, and environmental signals is an-
d by a richness of organisms. That is the beanty of the flux of nature.
ost spasms of nature become opportunities, and if the accidents of evolu-
nand history have made organisms available, then they will appear to fill
he stage. Subsequent changes in the environment, the species pool, or the
ngture of interactions may ocour. They are all part of the flux of nature, none
aﬁmw_.wuﬂuao&@ desirable than another. This is the shifting stage and
shifting play that ecologists must understand and managers must deal with.
F Q.wm its scientific intrigue and poetic beauty, the flux of nature is a dan-
rous: metaphor. The metaphor and the underlying ecological paradigm
suggest to the thoughtless or the greedy that since flux is a fundamental
.OW the natural world, any human-caused flux is justifiable. Such an in-
ence is wrong because the flux in the natural world has severe limits.
Knowing what these limits of natural flux are is a critical step in manage-
.. In general terms, these limits are functional, historical, and evolu-
fonary. Functional limits are the physiological constraints that organisms
operate under. For example, certain molecules cannot be detoxified, leaves
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m_.mm,mmmwm, possessed of single equilibrium points reached by deterministic
ynamics, rarely disturbed naturally, and separate from humans. Classical
management strategies were cast as though they followed these same as-
umptions. However, the failures of management refiecting this paradigm
mmmﬁm apparent, and along with the accumulation of new data and scales
m c.vmm?mmam in ecology, contributed to the demise of the classical, or equi-
wbc% paradigm. With the demise of the equilibrium paradigm, the inap-
ropriateness of the formerly comfortable metaphor of the balance of na-
¢ became apparent.

A bew ecological paradigm has emerged that recognizes ecological sys-
s to be open, regulated by events arising outside of their boundaries

mnﬁmm or prevented from attaining a stable point equilibrium, affected Ew
.Ew& disturbance, and incorporating humans and their effects. A new
, etaphor of the flux of nature symbolizes the new, or nonequilibrium, par-
digm effectively. The new paradigm suggests that the management ap-
mmwwm being developed are much more appropriate to the variability,
tingency, and openness of ecological systems. The intimate linkage of
pportunity and response that is embedded within the flux of nature takes
ongtimes and large spaces to work. Ecosystem management, carried out in
.u@%mé way in which management plans are viewed as hypotheses
mmm@”‘ou inclusive models of the systems to be managed, is likely to mwwruﬁ
¢ontemporary understanding of ecological systems.

Zﬂﬁwﬁ process nor ecosystem management should be considered to

ari that nutrient or energy flows should be managed without attention

ma_ biodiversity with which they interact. In addition, management for

..mﬁ.om nature must respect the physiological, historical, and evolu-

nary limits inherent in natural systems if management is to be successful

d sustainable.

must remain open to pollutants if they are to take up CO, for photos
thesis, and high temperatures denature proteins. Such limits cannot bé
overcome due to the mechanics and chemistry of cells and organs. At
thropogenic flux outside those Jimits is an insult to natural flux. .
Historical limits are those that result from the suites of species that have
become established through time at a site, the accumulation of resource
and organic matter, and the kinds and patterns of disturbances that have op
erated there over time. For example, if the disturbance regime of & site has
not included massive stand-opening events that leave the roots and soit in
tact, then there are not likely to be species present that can respond rapidt
to a novel anthropogenic disturbance of that type. o
Evolutionary limits are imposed by the amount of genetic variation avai
able for selection to act on, the intensity of selection, and the time ¢
which selection may have acted. Evolution is also constrained by the phys
ical structures elaborated in the past. If human-induced changes reduce th
capacity of lineages to evolve by reducing genetic variation, elevating levels
of gene flow, or altering population mating structures, then their effect on
the flux of nature will be damaging, perhaps permanently.
Problematic human changes or fluxes are those that are beyond the lim
of physiology to tolerate, history to be prepared for, or evolution to reactt
Two characteristics of a human-induced flux would suggest that it would be
excessive: fast rate and large spatial extent. Natural systems respond ¢
even exploit flux, if the rates of flux are within the capacity of physiology o
adjust, new assemblages to accumulate, and evolution to generate new:
versity Where rates of human-generated flux exceed the natural rates of x
sponse, policy makers and managers should be alerted that undesired
changes may result. Managers may be in a position to compensate forina
propriate rates of human-caused changes. o
The second problem of carrent human-generated flux is its great spatial
extent. Natural flux takes space for the shifting mosaics of landscapes; t
sources of genetic novelty, and the refuges from disturbance, predation; and
disease. Human-generated flux that subtracts from the area available-for
nataral flux must be carefully evaluated and compensated for.

s __Ewnmmamm_ﬂm
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Conclusion

We have examined the paradigm shift that has been taking place in mmuwwmv

over the past several decades. The classical paradigm, the equilibrium world
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-A thing is right when it tends to preserve the integrity, stability, and
seauty of the biotic community. It is not when it tends otherwise,

~Aldo Leopold
A Sand County Almanac

6 Leopold, who is credited with developing the discipline of wildlife
anagement and who articulated the concept of the land ethic, most cer-
nly had sustainable ecosystems in mind when he penned these words.
ridscapes that would allow people and wildlife to coexist in harmony were
ng Leopold’s principal motivations for mwzmvﬁ_m and attempting to un-
rstand the complexities of the “land organism” (1). A half-century after he
wzmmm these words, land managers are revisiting this arena and con-
nting the difficulties with managing ecosystems sustainably (2). Indeed,

¢ reason for the disarray natural resource disciplines find themselves in
lay is the widespread public belief that the disciplines do not champion
good land stewardship.

Chapters in the first part of this book clearly indicate the traditional ap-
achies and motivations that drove the development of natural resource
disciplines. Resources were viewed as inexhaustible and useful only to the
legree they could be exploited (3). When resources declined locally, com-
dity users either moved on or began to develop management approaches
twould result in species recovery. Eventually, all of these extractive users
uses of natural resources developed into sciences with accompanying
fessional organizations and university curricula. Even though university
epartments and scientific organizations grew and prospered, they still
gely focused on teaching and conducting research on wildlife for game,

for lumber, and grass for cattle.




