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parendy destructive forces such as wildfire
ccessary for an ecosystem to sustain its character-
ocies composition, Structure, and productivity
3 1990). Exclusion of fire from such ecosystems
L reventive management impoverishes their per-
© . in the long term because of losses of species and
in structure that drive the system to a state that
os markedly from its historical patterns. Repeated
bances such as volcanism and landslides that recur
‘¢ several millennia maintain the characteristic age struc-
& and species composition of many Andean Nothofagus
Jests it southern South America {Veblen et al. 1996).
wnce disturbances can foster conditions {e.g, open
hes, resource hot spots} thar facilitate the regeneration
pecies and increase focal species richness.

An important coroflary of this view of disturbance as
iving force for parch dynamics is the realization that
pcrturbations can be integrated into the definition
ecosystem insofar as they are seen as products of the
eraction between the system’s structure and exogenous
ysical factors. Several examples show how the onset
o effect of disturbances can be modulated by species
twairs and the structure of a community {Pickett and
White 1985). For instance, the rates at which trees fall
o 2 forest canopy depend on individual tree longevity
and species composition, which in turn influence species
versity and tree regeneration (Johnson and Miyanishi
2007). Species composition and ecosystem structure and
processes hinge on a continuous interplay of both endog-

ous and exogenous forces that lead to multiple possible
end poines. This perspective challenges the idea that
“there is only one point at which balance occurs, and
that balance is normally static,” thereby affirming Aldo
Leopold’s (1939) insights into the flux and diversity thac
inhere in an equilibrium.

cve ap

SEE ALSO Ecology: III. Fcosystems; Ecology: VI Patch
Dynamies.
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VI. PATCH DYNAMICS

The history of the concept of parch dynamics can be
traced back to the classic work of A, S. Watt (1947), who
described the dynamic mosaic structure of vegetation,
with patches constantly dying and regenerating in differ-
ent areas of the landscape. In a variety of plant commun-
ities, including peat lands, grasslands, and forests, Watt
analyzed temporal succession of pioneer, building,
mature, and degeneration phases. Warr emphasized chat

259



Ecology

there are frequent departures from unidirectional,
ordered sequences and that the spatial mosaic of patches
can be interpreted in terms of their temporal relations:
“The community consists of patches, each of limited
area, and differentiated by floristic composition, age of
dominant species and by habitat” (Watt 1947, p. 16).
This view of the community as a dynamic mosaic of
patches differing in a succession of ages has become
known as “the pattern and process hypothesis,” which .
emphasizes the relations between structure and function
(Wu and Loucks 1995). The term parch refers to a
discrete unit of space differing in nature and appearance
from the surrounding landscape (Wiens 1976). Patches
may be identified av different spatial scales, from an
island surrounded by ocean or a tract of forest sur-
rounded by pastures to a tree-fall gap in the forest canopy
to an aggregate of barnacles on a rock of the intertidal
zope, In landscape ecology (Forman and Godron 1986)
patches are the basic functional units of the landscape.
Usually the area of habitat surrounding a recognizable
patch type is termed the ecological “marrix,” although
2 matrix may itself comprise different patches (Picketr
et al. 2000).

Patches differ in area, shape, structure, species com-
position, duration, structural complexity, and boundary
characteristics. Some patches may be sharply bounded
(e.g. a lake, a rempant woodlot within a2 cultivated area);
in other cases boundaries may be diffuse (e.g, the tran-
sition from steppe to forese). Patches may differ greacly
from the species composition and abundance in the sur-
rounding matrix, or the diffesences may be subtle. Patch
shapes may be regular, approaching Euclidian geomerric
figures such as a circle or square, or they may be irregularly
shaped, which demand the use of fractal geomerry.

MECHANISMS OF
PATCH FORMATION

Patches are originated by a variety of physical and bio-
logical mechanisms, including patch creation and habitat
fragmentation by humans. Physical mechanisms of parch
origination in unmanipulated landscapes include distur-
bances such as lightning-caused fires, tree windfalls, hue-
ricanes, droughts, floods, landslides, volcanic eruptions,
earthquakes, and climate change. There is a striking
example of remnant patches caused by climate change
along the Pacific margin of southern South America,
where fog-dependent rain-forest patches on the summits
of the coastal hills of semiarid Chile (annual rainfall
below 150 millimeters) became segregated from their
main temperate latitudinal range by more than 1,000
kilometers because of incremental aridization during the
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Quaternary (Nifiez-Avila and Armesto 2006)

smaller scale, the north-facing and south-facip, ‘Sl O
sometimes separated by just a few meters—of %heOP :
and Andean mountains of central Chile also o
contrasting patches characterized by differences of gopn
ature, solar radiation, and humidity. This physical r:
heterogeneity, in tuen, generates sharp differences i -
composition, flowering periods, pollinator ensermbleg

genetic differentiation among populations of the l:z;
species (Armesto and Martinez 1978; Rozzi et al, 1997).

Biological mechanisms of patch origination ingly
animal effects {e.g., burrowing activities, buildin
dams, defoliation of trees, wampling, and W3§§0Wif;
plant effects (e.g, allelopathy, accumulation of organi
matter, shading effects), resource distribution g, soil
types, large fruit crops, nutrients ander bird perches)
agpregation patterns (e.g., marine mammal Congrega’
tions, limited seed dispersal, vegetative propagation);
and migratory routes and dispersal patterns (e.g., bipols
distribution of plant species found in subarctic and sub-
antarctic regions because of seed dispersal by migratory
birds and similar climatic conditions). Human creation
of patches include historical land use change, such as d
creation of bodies of waters through the building of dam
or open land by the clear-cutting of forests; intreductio
of exotic animal and plant species involving monocul
tures for husbandry or crops; gardening and planting-
seeds in cultivated patches such as the “islands” of palm
planted in Amazonian savannas by indigenous peoples
and the creation of barriers to dispersal of animals and:
plants, such as those imposed by highways, channels,
fences, or the application of pesticides or herbicides.

PATCHINESS

Pacch mosaics of a given landscape can be described.
terms of patch composition (patch types and their re
tive abundances), the spatial configuration of patches;
and the connectivity among patches. Connectivity <an
be a function of both the nature of boundaries (e
transition between patches and the surrounding matrk
and the permeability of the matrix to the transic 0
organisms moving between patches. Patch connectivity
is a critical yardstick for biodiversity conservation anfli B
thus an important source of information for conservatid
policy at the landscape scale because of the negath
effects of isolation on mating probabilities (Sievin
et al. 2000; Diaz et al. 2006), populazion sizes and gen
flow, and the facilitation or impeding of the movement
of exotic invasive species or pests (Fahrig 2003). .
chiness 4t

The descriptive parameters and scale of pat
ecies hav

both organism-dependent because different sp

varying capacities for filtering heterogeneity !
environment (Wiens 1976). Accordingly, patc
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for organisms with diffe.renc degrees of mobility (e.g.
;mmobile plants vs. mobile animals), physiological toler-
ance of environmental stress (e.g., mammals vs. frogs,
tecause the laveer have higher skin permeability, making
them more dependent on moisture), life-history character-
istics (€80 bamboo species with single mass flowering
events vs. oak trees with annually recurrent flowering
events), and perception mechanisms (e.g., bumble bees
that can see ultraviolet wavelengths but not red colors vs.
_ hummingbirds than cannot see ultraviolet wavelengths bue
wan see red, 2 flower color for which they have a prefer-
ence). In many cases it will be necessary for ecologists and
conservation policy makers to adjust the scale of observa-
tions to the heterogeneity perceived by the target organism
_and the ecological processes under study or under adaprive
! managcment.

Patchiness can change as a consequence of patch
dynamics. Patch dynamics are the result of the simulta-
"neous operation of various physical, biological, and
human patch-generating mechanisms (Pickert er al
12000). How do patches and ecological systems persist
in the presence of destabilizing forces? In the traditional
ecological view of disturbances, a clearly exogenous factor
occurs at a single time—creates a “patch” with abrupt or
clearly defined boundaries—and increases the resources
‘available for new growth through decreased biological
 use, increased decomposition, or both (Picketr and White
1985}, Nevertheless, disturbances can be caused not only
by exogenous factors (originating from ourside the eco-
system) but also by endogenous factors (originating from
‘within the ecosystem) such as synchronous aging of
ohorts of trees or insect outbreaks. In practice exogenous
“and endogenous factors interact. For example, insect
infestation of tees increases vulnerability to windfall,
and, in turn, windfall might facilitate insect infestation.

.- The term disturbance regime is used to characterize
the spatial scale and temporal patterns of exogenous and
ndogenous disturbances and the subsequent response
nd recovery of ecosystems. Patchiness within a landscape
eflects the types of disturbance and their frequencies and
magnitudes; landscape elements of topography, substrate
_Onditions and organisms, and resource base available to
Organistns; and life histories and assimilative capacities of
pecies present or potentially available to colonize a dis-
urbed site (Forman and Godron 1986). Disturbances
Yary in magnitude, depending on the intensity and
everity of the disrupting event. The eruption of Mount

Helens in 1980, the Yeliowstone fires of 1988, and
Hurricane Hugo in 1989 are examples of intensive and
arge scale disturbances that captured public actention
(Turner et al. 1997). Both large- and small-scale distur-
akces operate simultaneously and generare, within a
andscape, mosaics with patches of varying size, species
fomposition, and age structure (Pickett and Thompson
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1978). For example, in forest ecosystems small-scale dis-
turbances such as falling trees usually favor shade-tolerant
plant species, whereas larger-scale disturbances such as
landslides favor shade-intolerant plant species.

In ecological systems stability has been characterized
mainly through four properties (Wu and Loucks 1995):
1. resistance (capacity of a system to resist an external

perturbation),

2. resilience (rapidity with which a system returns w a
previous equilibsium after a perturbation),

- 3, persistence {ability of a system to remain within

defined limits despite perturbations),

4, and invariability or constancy (uniformity of system
properties over a given period).

Resistance and resilience presuppose an equilibrium
from which the ecosystem may depart or to which it may
return, Persistence and invariability, however, do not
necessarily imply equilibrium. Nonequilibrium models
emphasize openness, wansient dynamics, and stochastic
processes of ecosystems. In 1987 ecologist Zev Naveh
contrasted the static notion of homeostasis {maintenance
of a static structure), by introducing the concept of
homeorhesis (Wu and Loucks 1995, p. 444). Under a
homeorhetic perspective, resilience can be understood in
nonequilibrial terms: After a perturbadon systems may
return to their original trajectory or rate of change rather
that w equilibricm.

Patches can vary at different temporal and spatial scales-
in the same landscape (Wu and Loucks 1995) because of
disturbance, species interactions, and propagation modes.
Consequently, understanding and modeling patch dynam-
fcs in a given landscape and making decisions about
resource management and conservation policy require 2
recognition of the diverse causes and mechanisms of patchi-
ness in various spatial and temporal scales.

ANTHROPOGENIC PATCHINESS

Spatial patterns and temporal heterogeneity created by
humans are often qualitatively and quantitatively different
from unmanipulated ecological heterogeneity. Landscapes
are rarely homogeneous, but human monopolization of
the landscape for urban. settlement, farming, or forestry
can greatly reduce heterogeneity and alter ecosystem and
landscape patchiness. The drivers of ecological change will
produce new configurations and compositions of patches
that will affect organisms over a spectrum of scales, gen-
erating novel spatial patterns and trajectories of change.
Landscape contexts can strongly influence local ecosys-
tems; the consideration by environmental policy makers
of spatial and temporal hewerogeneity, which are constandy
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changing as the products of natural and anthropogenic
patch dynamics, is necessary to support biodiversity, main-
wain ecological and evolutionary processes, and provide
multiple ecosystem services to humans (Kolasa and Pickert
1991). The rofe of patchiness and parch dynamics in
ecological and evolutionary processes has led to the devel-
opment of metapopulation theory which examines the
dispersal and isolation of individuals between patches in
heterogeneous landscapes. This theory is relevant to the
persistence of species in fragmented habitat patches created
by human land use.

The ubiquity and persistence of the spatial legacies of
past disturbances underscore the importance of the histor-
ical dimensions of natural and anthropogenic patch
dynamics. Knowing that landscapes are dynamic mosaics
composed of various kinds of interdependent patches,
humans can no longer manage a park or reserve as a
homogeneous unit {Biggs et al. 2003). Moreover, the
spatial patchiness of a given landscape, whether natural
or anthropogenic, must be maintained in order to conserve
biodiversity, This approach has been cailed the “minimum
dynamic area” concept (Pickett and Thompson 1978).

CONCLUSION

Patch-dynamic concepts offer a contemporary unifying
framework for ecology, evolution, and conservation prac-
tices under a nonequilibrium view that appreciates the
spatiotemporal variability of “shifting mosaics” (Wu and
Loucks 1995). The patch-dynamic perspective has largely
supplanted traditional succession theory (Clements 1916),
which assumed an orderly, repetitive, and deterministic
sequence of change tending toward equilibrium. Alterna-
tively, vegetation dynamics can be represented by a hier-
archical patch-dynamics theory (Pickest et al. 1987) thar
accepts multiple end points starting from the same initial
condition (but varies with stochastic and probabilistic
events) (Simberloff 1980) and does not require the
assumption of a stable “climax” stage.

SEE ALSO Ecology: V. Disequilibrium Ecology.

BIBLIOGRAPHY

Armesto, ]. 1., and J. Martinez. 1978. “Relations Between Vegeation
and Structure and Slope Aspect in the Mediterranean Region of
Chile.” Journal of Ecology 66: 881-889.

Biggs H. C., J. T. du Toit, and K. H. Rogers, eds. 2003. The
Kruger Experience: Ecology and Management of Savanna
Heterogeneity, Washingron, DC: Island Press,

Clements, Frederic E. 1916. Plant Succession: An Analysis of the
Development of Vegeration. Carnegie Institution of
Washington Pub. 242, Washington, DC: Carnegie
Institution of Washington.

Diaz, Ivin A., Juan ]. Armesto, and Mary F. Willson. 2006.
“Mating Success of the Endemic Des Murs” Wiretail

262

(Syluiorthorhynchus desmursii, Furnariidae) in Fragmented
Chilean Rainforests.” Austral Ecology 31(1): 13-21.
Fahrig, L. 2003. “Effects of Habitat Fragmentation on
Biodiversity.” Annual Review of Ecology, Evolution, and
Systematics 34: 487-515.
Forman, R, T. T\, and M., Godron. 1986. Landscape Ecolagy,
New York: John Wiley.

Kolasa, J., and $. T. A. Pickett, eds. 1991. Ecological
Heterogenzity. New York: Springer-Verlag.

Naveh, Z., and A. Lieberman. Landscape Ecology: Theory and
Application. 1984. New York: Springer-Verlag,

" Naez-Avila, M., and 1. ]. Armesto. 2006. “Relict Islands of the

Temperate Rainforest Tree Aextoxicon punctarwm
{Aextoxicaceae} in Semi-Arid Chile: Genetic Diversity and
Biogeographic History.” Australian Journal of Botany S4(8):
733-743.

Pickett, S. T. A., and J. N. Thompson. 1978. “Paech Dynamics
and the Design of Nature Reserves.” Bislogical Conservation
13: 27-37.

Pickerr, S. T. A., M. L. Cadenasso, and C. G. Jones. 2000,
“Generation of Heterogeneity by Organisms: Creation,
Maintenance, and Transformation.” In Erological
Consequences of Flabitas Heterogeneizy, eds. M. Hutchings,
E. A. John, and A. ]. Stewart, New York: Blackwell,

Pickett, S. T. A, and P. S. White, eds. 1985, The Eeology of
Natural Disturbance and Patch Dynamics. San Diego:
Academic Press.

Pickerr, S. T. A, S. L. Collins, and J. J. Armesto. 1987. “A
Hierarchical Consideration of Causes and Mechanisms of
Succession.” Vegetation 69: 109-114.

Rozzi, R, M. T. Kalin, and ]. J. Armesto. 1997, “Factors
Affecsing Gene Flow between Populations of Anarthrophyllum
cymingii (Papilionaceae) Growing on: Equarorial- and Polas
facing Slopes in the Andes of Ceneral Chile.” Plant Ecology
132: 171-179.

Sieving, K. E., M. F, Wiilson, and T. L. De Saato. 2000.
“Defining Corridor Functions for Endemic Birds in
Fragmented South-Temperate Rainforest.” Conservation
Biology 14: 1120-1132.

Simberloff, D. 1980. “A Succession of Paradigms in Ecology:
Essencialism to Materialism and Probabilism.” Syashese 43:
3-39.

Turner, M. T., V. H. Dale, and E. H. Everham I, 1997, “Fires,
Hurricanes, and Volcanoes: Comparing Large Disturbances.”
BioScience 47: 758-768.

Watr, A, S. 1947. “Patvern and Process in the Plant
Community.” Journal of Ecology 35: 1-22.

Wiens, J. A. 1976. “Population Responses to Patchy
Environments.” Annual Review of Ecology and Systematics 7
81120,

Wua, §., and O. L. Loucks. 1995, “From Balance of Nawre to
Hierarchical Patch Dynamics: A Paradigm Shift in Ecology-
Guarterly Review of Biolagy 70: 439-466.

Juan J. Armeste
Ricardo Rozz
Sreward Pickert

ENCYCLOPEDIA OF ENVIRONMENTAL ETHICS AND PHzLOSOPHY




