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ABSTRACT 

Island biogeographic theory has been applied to the design of nature reserves. 
Howet,er, immigration, which is important in maintaining species equilibrium on true 
islands, will not contribute significantly to the maintenance ~]'equilibrium on reserves 
in the juture because of the disappearance of recolonisation sources. Consequently, 
extinction becomes the dominant population process, and the internal disturbance 
dynamics become the critical design feature of reserves. The design of reserves should 
be based on "minimum dynamic area', the smallest area with a natural disturbance 
regime which maintains internal recolonisation sources and hence minimises 
extinctions. Determination of minimum dynamic area must be based on knowledge oJ 
disturbance-generated patch size,frequency, and longeeity, and the mobilities of the 
preserved species. These features have not all been explicitly considered in the 
previous island biogeographic design recommendations. 

INTRODUCTION 

Nature reserves are habitat islands. They are areas of natural landscape surrounded 
by expanses of culturally modified habitat. Because of this, the theory of island 
biogeography has been applied to the design of nature reserves (see review by 
Diamond & May, 1976). The degree of isolation from sources of colonisers 
determines the rate of immigration, while the island area determines the population 
sizes and thus the rate of extinction. The immigration and extinction rates together 
determine the number of species that will inhabit the island at equilibrium 
(MacArthur & Wilson, 1967). The purpose of this paper is to stress the importance 
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of the internal dynamics of habitats in the design of reserves as colonisation sources 
become increasingly less available. 

COMPONENTS OF EQUILIBRIUM 

The components of equilibrium on both true and habitat islands are the same, but 
the relative importance of these differs between the two types of system. True 
islands, even very isolated ones, have very large continental species pools from 
which colonisers are drawn. The island characteristic which largely determines the 
magnitude of the flux of colonisers is distance from the source. More distant islands 
will receive fewer colonists. The second island character important in determining 
its equilibrium species number is area. Increased area permits large population sizes 
and thereby reduces the probability of extinction. Thus, larger islands have lower 
extinction rates. The number of species that an island will support at equilibrium is 
that number where extinction equals immigration. Most true islands will approach 
equilibrium from below (Wilson, 1969). The only non-island character important in 
determining equilibrium is the continued existence of the species pool supplying 
colonists. 

Nature reserves as habitat islands are influenced by the same components: the 
island characters of area and isolation, and the population processes of immigration 
and extinction. However, for reserves the rich, extensive source areas do not, or will 
not, continue to exist (Meijer, 1973; Diamond, 1976; Terborgh, 1976). The reserves 
themselves must perform most if not all of this function as increasingly more land in 
all biomes is developed or disrul~ted. Because of this, the immigration rate, which is 
so important in maintaining equilibrium on true islands, is likely to decline 
significantly (Terborgh, 1974a; Willis, 1974; Diamond, 1976). Extinction will then 
become the dominant population process affecting equilibrium in reserves and 
species numbeFs will decline to a new level. There will still be immigrants, but such 
species will be the widespread, fugitive types which do not need reserves for their 
survival (Willis, 1974; Terborgh, 1976; Whitcomb et al., 1976). Species requiring 
continuous habitat (Peterken, 1974) or specialised habitat types (Geist, 1971) for 
their survival or dispersal will not be able to disperse to sites where they have become 
extinct (Terborgh, 1974b). 

The equilibrium process on habitat islands will somewhat mimic that on land 
bridge islands where species number is determined by extinction. These land bridge 
islands, isolated since the end of the Pleistocene, have more species than oceanic 
islands of similar area and isolation (Diamond, 1972), but have fewer species than 
the continental areas with which they were once continuous. Their species numbers 
are decreasing, or relaxing, tonew lower equilibria, due to the current dominance of 
extinction over immigration (Diamond, 1972; Willis, 1974). It is the first species 
characteristic of closed, undisrupted habitats to become extinct. 



PATCH DYNAMICS AND THE DESIGN OF NATURE RESERVES 29 

Because extinction is the dominant process in ecological time on land bridge and 
newly-created habitat islands, the factors influencing it deserve closer examination. 
As for true islands, area affects extinction, with smaller areas increasing the 
probability of extinction due principally to reduced population sizes (Simberloff, 
1974; Terborgh, 1974a; Elton, 1975). Small populations are particularly subject to 
fluctuations and random events. However, in addition, small populations, or 
populations necessarily confined to small areas, will be more subject to extinction 
due to the internal dynamics of the island landscape. 

PATCH DYNAMICS 

Internal dynamics are generated by patterns of disturbance and subsequent patterns 
of succession, and may be called patch dynamics. Three sets of phenomena and 
processes define the dynamics of patches on a landscape scale. The disturbance 
regime determines the size, density and temporal frequency of patches. The internal 
structure of patches is determined by species composition, population densities, 
population dispersions and organism geometry. As a result of their internal 
features, patches will have characteristic longevities. Many attributes of patches 
have been considered by Levin (1976) for the landscape scale, and by Root (1975) 
and Thompson (in press) for the within-community scale. 

On continental landscapes, patch dynamics are complex and of profound 
importance. Patches are generated by many agents whose direct effect is on 
vegetation, for example, fire, which is one of the most common. It is important, for 
example in temperate deciduous forest (Loucks, 1970), boreal and montane 
coniferous forest (Heinselman, 1971; Wright, 1974), grassland (Old, 1969), 
chaparral (Vogl & Schorr, 1972), and tropical deciduous forest (Walter, 1971). 
Winds and windstorms are important disturbance agents in deciduous forest (J ones, 
1945; Lindsay, 1972; Wright, 1974), coniferous forest (Sprugel, 1976) and the 
tropics (Webb, 1958). Ice and snow (Siccama et al., 1976), floods and landslides are 
important in some systems (Hack & Goodlett, 1960). Biotic factors also contribute 
to the disturbance regime. Natural death of old individuals is an important gap 
generator in all systems (Bray, 1956; Forcier, 1975). Disease and herbivory 
(Mattson & Addy, 1975) are also very common. Animals disturb some systems 
(Bratton, 1975; Platt, 1975). The contribution of these various agents to the 
disturbance regime and hence patch dynamics depends on the climate, topography 
and biota of the site. Disturbance may occur on scales ranging from the removal of 
one individual (Horn, 1976) to the opening of many km z (Wright, 1974) as a result 
of different disturbance agents or the change in severity of one type. 

Disturbance and succession are ubiquitous landscape features. As a result, the 
natural landscape is a mosaic of successional patches of various sizes (Whittaker, 
1953) whose diversity depends partially on patch dynamics (Loucks, 1970) and 
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which provides opportunities for evolutionary divergence of species (Pickett, 1976). 
Even climax species must have a fugitive aspect (Harper, 1965) to exploit gap 
disturbance in the mature community (Jones, 1945; Forcier, 1975). Preservation of 
landscapes must allow for the continued operation of these processes (Stone, 1965; 
Houston, 1971; Wright, 1974; McLean, 1976). 

Patch dynamics must occur with equal importance on true islands. As a 
mechanism for causing local extinction of species they are an unfactored component 
of the species-area relation. Disturbance of a given size and frequency is much more 
likely to cause extinction on a small island by reducing population sizes below 
threshold levels. Patch dynamics have remained unfactored because the 
comparative and empirical approach to island biogeography could rely on area to 
predict equilibrium species number, and because of the importance of the 
immigration component on true islands. Processes which we would identify as patch 
dynamics have been recognised by students of oceanic island biogeography (Willis, 
1974; Diamond, 1975b, 1976; Wilson & Willis, 1975). The predictive role of patch 
dynamics in species equilibria wilt increase from oceanic through land bridge to 
habitat islands because of the increased importance of extinction and consequent 
relaxation. 

The use of patch dynamics in the design of nature reserves then requires 
knowledge of the disturbance regime and the associated patterns of succession. The 
type of disturbance will influence all other patch characteristics. Thus disturbance 
type is fundamental background information. Additionally, species are 
differentially sensitive to different types and degrees of disturbance so that this 
factor interacts with species biology in determining successions. The critical 
characters of disturbed patches are their size and frequency of occurrence in time. 
Different kinds of disturbance occur with varying severity in a region and may act 
jointly to determine the size and configuration of patches. 

Two cautions concerning the disturbance regime are in order. First, it is 
important to know the size and timing of rare, extensive disturbance events as well 
as normal patches. The effect of rare patches may not be obvious in contemporary 
time, but it may be critical in the structure and function of natural landscapes 
(Henry & Swan, 1974). Rare and extreme events can be extremely influential in 
geomorphic processes (Hack & Goodlett, 1960; Leopold et al., 1964). Second, 
disturbance regimes will differ among regions as a function of climate, 
geomorphology and biota. For example, Lorimer (1977) reports that in Maine 
large-scale disturbances occur at a site in the order of every 800 years for fire and 
1150 years for winds. Small-scale disturbances occur every 250-300 years (Lorimer, 
1977). In contrast, a given site in Minnesota boreal forests burns every 5-50 years 
(Heinselman, 1971). These differences must be taken into account when planning 
for different areas. 

Table 1 presents some sizes, causes and frequency of disturbance in North 
American landscapes. Only references giving measurements or estimates of area of 
disturbed patches have been selected from the extensive literature on disturbance 
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effects. Disturbances and systems of economic importance, e.g. fires in coniferous 
forests, are probably over-represented. Some organisms within disturbed patches 
may survive or rapidly regenerate, but the data give an indication of the kinds and 
extents of disturbances that may be important for reserve design. Disturbances of 
various sizes are indicated as important components of system dynamics in many 
regions (Spurr & Barnes, 1973) even though quantitative estimates of single 
disturbance events are lacking. Wind in temperate (Goodlett, 1954; Henry & Swan, 
1974), and especially tropical, systems (Longman & Jenik, 1974) is important, but 
disturbance patch sizes are unavailable. Similarly earthquake and landslides are 
important but areas are unavailable (Dyrness, 1967; DuMontelle et al., 1971; 
O'Loughlin, 1972). 

The biology of the species in a reserve will interact with the disturbance regime to 
determine extinction probabilities (Simberloff & Abele, 1976a,b). Taxa may be 
differentially sensitive to a given disturbance regime. The mobility of the taxon is an 
important consideration (Whitcomb et al., 1976). The sedentary nature of many 
climax (Peterken, 1974) and tropical taxa (Ashton, 1969; Terborgh, 1974b) must be 
taken into account. Whether close competitors require separate patches to avoid 
extinction should also be determined (Simberloff & Abele, 1976a). The requirement 
of a large resource base by populations of large consumers will affect their minimum 
area requirements. Resource requirements may be expressed as broad, continuous 
areas or as areas of concentration ('hot spots', Diamond, 1975b), and either may 
alter in time and space (Willis, 1974). The low population densities of some taxa, 
particularly in diverse communities, increase local extinction probabilities (Elton, 
1975). 

The succession within patches after disturbance, i.e. patch longevity, may affect 
the extinction rates of some taxa. If some species require patches of a given age 
which support a particular kind of resource (Wright, 1974; Eisenberg & 
Seidensticker, 1976; Seidensticker, 1976) or do not harbour superior competitors 
(Pickett, 1976), then sufficient area of such patches must exist in a reserve. Many 
wildlife species can maintain marginal populations in late successional forests but 
reach highest population levels only in a mixture of successional habitats. Examples 
include snowshoe hare ((Lepus americanus) Grange, 1965), deer (Byelich et al., 
1972) and some Asian ungulates (Eisenberg & Seidensticker, 1976). Gullian & 
Svoboda (1972) suggest that to maintain highest population levels of ruffed grouse 
(Bonsas umbellelus), all age classes of aspen must be available to each wintering and 
breeding grouse within a normal range of about 4ha. Knowledge of patch 
generation and graduation through resource and successional stages is therefore 
required to preserve such species. 

DESIGN CONSIDERATIONS 

Island biogeography theory and work on land bridge islands has been used to 
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generate the following suggestions for nature reserve design. Reserves should be (1) 
large, (2) circular, (3) undivided, and if divided, (4) connected by dispersal corridors 
or (5) close to one another (Willis, 1974; Terborgh, 1974a,b; Diamond, 1975a; 
Wilson & Willis, 1975; Diamond & May, 1976). Through the additional 
consideration of patch dynamics which are important in the organisation of natural 
landscapes, we suggest that the design of nature reserves be based on analysis of 
'minimum dynamic area', the smallest area with a natural disturbance regime, which 
maintains internal recolonisation sources, and hence minimises extinction. The 
minimum dynamic area of various taxa will undoubtedly differ, however, the 
minimum dynamic area of a reserve will be defined by the most extinction-prone 
taxon. Nature reserves should: 

(1) be considerably larger than the largest disturbance patch size, including rare 
patches, 

(2) include internal recolonisation sources, 
(3) include different ages of disturbance-generated patches, 
(4) encompass areas sutficient to support large consumer populations in 

habitats not made unsuitable by disturbance, and 
(5) contain separate minimum dynamic areas of each included habitat type. 

Direct determination of minimum dynamic area could be made by surveys, 
similar to those of land bridge islands, for fully relaxed habitat islands, i.e. those 
which are at equilibrium with respect to their normal disturbance regime. Surveys of 
habitat islands that may be less than fully relaxed, i.e. those in which the normal 
disturbance regime has not yet established the new equilibrium (e.g. Galli et al., 
1976; Forman et al., 1976) provide minimum area in the absence of disturbance and 
must be combined with study of patch dynamics to make recommendations on 
effective reserve size. 
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