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Abstract The difficulties of saving millions of species from 
extinction often cause conservationists to focus on a higher 
level of biological organization, the community. Tbey do so 
for two reasons: (1) communities are considered important 
biological entities in their own right; and (2) conserving 
representative samples of communities is seen as an efficient 
way to maintain high levels of species diversity. This ap- 
proach will work if the chosen communities contain almost 
all species. Because itpotentially saves most but not all spe- 
cies, community conservation is a “coarse-filter” approach 
to the maintenance of biological diversity, and contrasts 
with the “fine-filter” approach of saving individual species. 
Paleoecological information on the distribution of plant 
taxa in North Americq however, indicates that most modern 
plant communities are less than 8,000 years old and there- 
fore are not highly organized units reflecting long-term co- 
evolution among species. Rather, they are only transitoty 
assemblages or co-occurrences among plant taxa that have 
changed in abundance, distribution, and association in m- 
sponse to the large climate changes of the past 20,000 yeam. 
Duringperiods when climate changes are large, communi- 
ties are too ephemeral to be considered important biological 
entities in their own right. Large climatic changes are also 
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Resumen: Las diyicultades en salvar millones de especies de 
extincion muchas veces lleva a 10s conservacionistas a en- 
focarse a un nivel m k  alto de organizacion biologica: la 
comunidad. Ellos lo hacen por dos razones: 1. las commu- 
nidades son consideradas enthhies biologicas importantes 
en su derecho, y 2. consemando ejemplos representativos de 
las communidades se considera munera eficiente de man- 
tener niveles altos de diversidad de especies. Esta aproximu- 
ci6n aproche trabaja si las comunidades escogidas con- 
tienen casi todas las especies. Al salvar potencialmente la 
mayoriq per0 no to& las especies, la conservacion de co- 
munidades es solo U M  aproximacion gruesa para el man- 
tenimiento de la diversidad biol6gicq y contrasta con la 
mayor resolucion que representa el de salvar especies indi- 
viduales. Sin embargo, in formacion paleoecolbgico sobre la 
distribucion de la taxonomia de plantas en Norte Am&ca 
indica que las comunidades mds modernas de plantas 
tienen menos de &OOO anos y por eso no son unidades bien 
organizadas reflejando coevolucion de largo plazo entre las 
especies. M k  bien, son ensamblajes transitorios o concur- 
rentes entre la taxonomia deplantas que ban cambiado su 
abundanciq distribuci6n y asociacion en respuesta a cam- 
bios grandes climaticos de 10s ultimos 20,000 anos Durante 
pm’odos cuando 10s cambios de climu son grandes, comu- 
nidades son muy efimeras para considerarse entidades 
biologicos importantes Cambia gransies clidticos tambih 
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likely to occur du&g the next century because of increased 
concentrations of CO,, and we therefore propose that the 
coarse- filter approach to selecting nature reserues should be 
more strongly influenced by the distribution of pbysical en- 
vironments than by the distribution of modern communi- 
ties. Ideally, nature reserves should also encompass a broad 
enough range of environments to allow organisms to adjust 
their local distribution in response to long-term environ- 
mental change and should be connected by regional corn‘- 
don that would allow species to change their geographic 
distributions. 

Introduction 

Maintaining biological diversity has become a primary 
goal of conservationists in recent years (Soule 1986; 
O.T.A. 1987; Wilson & Peter 1988), but the undertaking 
is of such overwhelming complexity that specific strat- 
egies are dficult to formulate. How can millions of spe- 
cies be saved from extinction when the majority have 
not even been described? One solution to this problem 
is to focus conservation efforts on a higher level of bi- 
ological organization, the community. In the most gen- 
eral terms, a community is a set of populations that 
occur in some place (Schoener 1986). The population 
sets can range from a pair of species to all the organisms 
in an area; the spatial scale can range from a jar of cul- 
ture medium to a biome (ca. l million sq. km). Often 
communities are defined as assemblages of all interact- 
ing, or potentially interacting, populations - i.e., the 
entire biological component of an ecosystem. Much 
ecological theory (e.g., about succession or energy 
flow) has proceeded from the assumption that commu- 
nities are internally regulated natural systems within 
which species have evolved. This view of communities 
underlies two reasons why conservationists advocate 
using a community approach to maintain biological di- 
versity. First, many ecologists believe that particular 
communities are important biological entities in their 
own right, and thus have intrinsic value as a component 
of biological diversity (Salwasser, Thomas, & Samson 
1984). In other words they are recognizable and some- 
what predictable, and have emergent qualities such that 
the whole community represents more than the sum of 
the component species. Second, many ecologists be- 
lieve that communities have a predictable structure; 
thus, a representative sample of extant communities 
will harbor the vast majority of species (Norton 1986). 
If this assumption is correct, maintaining communities is 
an efficient way to maintain species diversity. 

Our paper uses paleoecological data illustrating the 
distribution of plant species in eastern North America 
during the last 18,000 years (Davis 198 1 ; Jacobson, 
Webb, & Grimm 1987; Webb 1987) to question these 

son probables durante el proximo siglo por las concentra- 
ciones crecientes de CO2, y nosotms, por esta razor4 pro- 
ponemos que la aproximucion gruesa de seleccionar reser- 
tlas de la naturaleza debe ser mks influencia& por la 
distribucion de ambientes fisicos quepor la distribucion de 
comunidades mode?mm Idealmmte las reseruas de la nut- 
uraleza tambien deben considerar un rango suficientemente 
amplio de ambientes d i ~ m t e s p a r a  permitir a los organis- 
mos a ajustar su distribucion local en respuesta a cambios 
ambientales de largoplazo. Asi mismo las reseruas deben, en 
lo posible fomzar cowedores regionales que permitan a las 
especies cambiar su distribucion geograficas. 

views of communities and to suggest other strategies for 
conservation. These data, which are derived from pollen 
stratigraphies in lake sediments, show that the plant 
communities that dominate eastern North America to- 
day developed only within the last 4,00&8,000 years 
and therefore are not the end products of much longer 
periods (millions of years) of coevolution. Because in- 
creased concentrations of atmospheric CO, may be 
inducing large changes in climate (MacCracken & 
Luther 1985; Peters & Darling 1985), we have also used 
inferences drawn from paleoecological studies as a 
guide in recommending the design of nature reserves 
that may maintain a high level of biological diversity 
into the future. 

The Paleoecological Perspective 
Past Changes in Climate and Plant Communities 
Today’s distribution of species and communities repre- 
sents one frame from a movie whose previous frames 
record continuously changing distributions and associ- 
ations of taxa. These changes have been caused prima- 
rily by the large, quasiperiodic changes in climate of the 
Quaternary period, which began about 2.5 million years 
ago. During this time span, global climate has fluctuated 
substantially and frequently enough to produce more 
than 20 glaciallinterglacial cycles (Broecker & van Donk 
1970). These are linked closely to regular periodic fluc- 
tuations in solar insolation that result from known as- 
tronomical variations involving the tilt of the earth’s 
axis, the precession of the equinoxes, and the obliquity 
of the orbit around the sun (Imbrie & Imbrie 1979; 
Berger et al. 1984). Recent studies (Pisias & Shackleton 
1984) have shown that natural variations in atmo- 
spheric CO, have probably also been associated with 
the glaciallinterglacial cycles, although cause and effect 
relationships have yet to be established. 

During the past 700,000 years, each glacial/ 
interglacial cycle has lasted for about 100,000 years 
(Ruddiman, Raymo, & McIntyre 1986). The first 
80,000-90,000 years of each cycle are characterized by 
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increasingly glacial conditions, until a glacial maximum 
is reached; this maximum is followed immediately by an 
abrupt warming, and then by about 10,000 years of 
mild, interglacial conditions. During the last 2.5 million 
years, the climate has been substantially different from 
its current state at least 90% of the time, and the present 
interglacial, known as the Holocene, began about 
10,000 years ago, after a colder, more glacial period 
lasting about 100,000 years. 

Paleoecologists have discovered that these major 
swings between glacial and interglacial conditions have 
profoundly influenced regional environments and thus 
the distribution of biota. Their evidence comes prima- 
rily from stratigraphic studies of plant fossils - espe- 
cially pollen grains - contained in lake sediments and 
peat deposits (Birks & Birks 1980; Berglund 1986; Del- 
court & Delcourt 1987; Huntley & Webb 1988b). These 
sedimentary deposits are analogous to continuous mon- 
itors for permanent plots that have been in place for 
thousands of years; characteristics of the depositional 
basin determine the temporal and spatial scale of the 
“plot” that is sampled (Jacobson 1988; Prentice 1988). 

Pollen stratigraphic studies have shown that when the 
most recent ice age was at its maximum (18,000- 
20,000 yr B.P.), vegetation in areas south of the ice 
sheets in eastern North America and Europe differed 
greatly in composition and configuration from what is 
present today (Davis 1981,1986; Webb 1987; Jacobson, 
Webb, & Grimm 1987). From then until 10,000 yr B.P., 
many pollen samples record evidence of plant commu- 
nities that are not analogous to any modern communi- 
ties (Overpeck, Webb, & Prentice 1985). Specifically, 
large regional reconstructions have shown that postgla- 
cial expansions and contractions of the ranges of various 
plant taxa were highly individualistic, and that, in most 
cases, the vegetation patterns and communities of today 
did not start to appear until the last 6,000 to 8,000 years 
(Webb 1987; Jacobson, Webb, & Grimm 1987; Ritchie 
1987). For example, the extensive boreal forest biome, 
dominated by spruce (Piceu), fir (Abies), and birch 
(Betulu), did not exist in eastern North America as re- 
cently as 8,000 yr B.P. (Webb 1987), and the hemlock 
(Tsugu) and beech (Fugus) forests of northeastern 
North America formed only about 6,000 years ago (Fig. 
1) (Jacobson, Webb, & Grimm 1987; also see Davis 
1969, 1983; Sjors 1963). The broad-scale changes in 
species distribution, abundance, and association have 
also led to variations in communities that cover smaller 
areas such as wetlands, mountain tops, and river valleys 
( Janssen 1967). 

Many additional examples of long-term community 
changes appear in data from other taxonomic groups 
(e.g., mammals - Graham 1986) and from other parts 
of the world, such as southwestern North America (Van 
Devender 1986; Thompson 1988), tropical Africa (Liv- 
ingstone & Van der Hammen 1978; Livingstone 1982), 

South America (Colinvaux 1987), and Australia (Walker 
& Chen 1987). Contrary to popular impression, the di- 
verse tropical forests of today have been at their present 
location, composition, and extent for only a relatively 
short time (the last few thousand years), and they ap- 
parently differ in major ways from their configuration 
during full glacial times. For example, Colinvaux ( 1987) 
describes how disturbances such as flooding, fire, and 
erosion may have led to frequent readjustments of veg- 
etation (even locally) during the last 10,000 years in the 
Amazon basin. Paleoecological evidence is still sparse 
for tropical regions of the world, and more work will be 
necessary to determine whether anythmg like the mod- 
ern communities existed through time in some re- 
stricted habitats; thus far not a single example of this has 
been documented. 

The paleoecological evidence presented above is in- 
consistent with the notion of persistent communities or 
associations at any scale. How can the boreal forest be 
the product of a complex array of coevolutionary pro- 
cesses involving dozens or even hundreds of species, if 
two of its major organisms, spruce and birch, became 
codominants in the community only 6,000 years ago, 
after an interruption in codominance for 20,000 to 
100,000 years? Six thousand years may seem long, but it 
represents relatively few generations for many tree spe- 
cies. Most modern plant communities have therefore 
probably had little long-term coevolutionary signifi- 
cance, at least for dominant tree taxa (Davis 1981; Bot- 
kin 1980), and paleoecological evidence suggests that 
coevolution between plant species has not led to bonds 
that hold major plant communities together in the face 
of large climatic changes. This perspective undermines 
the idea that plant communities are sufficiently indepen- 
dent to be considered separate components of biologi- 
cal diversity and to have value as such. 

Response Surfaces and Plant Environment Relationships 
The prospect of C0,-induced changes in climate re- 
quires us to consider modern species in terms of their 
long-term environmental responses, rather than just in 
terms of their geographic distribution or community 
relationships. Such a perspective is useful for conserva- 
tion planning. Vegetational response surfaces show the 
distributional responses of a species in relation to envi- 
ronmental variables such as temperature and precipita- 
tion (Fig. 2) (Bartlein, Prentice, & Webb 1986; Webb, 
Bartlein, & Kutzbach 1987). They also show how the 
modern co-occurrence of two or more species may take 
place in only a small fraction of the response surfaces of 
each; therefore, even slight changes in climate can lead 
to differing responses in these species (Fig. 2). Such 
individualistic responses can lead to taxa developing 
new associations, and thus communities, as the climatic 
environment changes in each locality and across broad 
regions. 
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 BEECH^  HEMLOCK^ 

PINEB  OAK^ 
Figure 1. Location of regions with 5% beech (Fagus) pollen and 5% hemlock (Tsuga) pollen (in the upper row 
maps) and 20% southern pine (Pinus) pollen and 20% oak (Quercus) pollen (in the lower row of maps) at 
12,000, 8,000, 6,000, and 500 yr B.P. with the stippled area in the north showing the shrinking Laurentide ice 
sheet from 12,000 to 6,000 yr B.P. Source: Modified from Plates 1 and 2 in Jacobson, Webb, & Grimm 1987. 

This potential for individualistic behavior among 
plant taxa helps us resolve one concern posed by the 
coarse spatial resolution on our maps (Fig. 1 ) and data 
sets. Our data do not rule out that plant assemblages 
similar to some of those today may have existed contin- 
uously, in small, isolated areas. For this to have hap- 
pened would require ( 1 ) the continual existence 
(somewhere) of the particular climate that will support 
such a community, and (2) successful simultaneous bio- 
geographic shifts for all of the species involved. The 
nature of climate change over 5,000 years or longer 
makes the frrst condition unlikely, especially for macro- 
climatic patterns (Ruddiman & Wright 1987; Jacobson, 
Webb, & Grimm 1987). Modeling of past climates 
shows that the spatial combinations of temperature and 
precipitation values and their seasonal variations dif- 

fered at 18,000 and 9,000 yr B.P. from those occurring 
today (Kutzbach & Guetter 1986). Furthermore, the 
broad-scale reorganizations that are shown by Webb 
(1987) and Jacobson, Webb, & Grimm (1987) imply 
that the modern broad-scale communities did not arise 
from the proliferation and spreading out of isolated local 
relicts of these communities that had remained intact 
since the last interglacial. 

Vegetation Changes During the Past 1,000 Years 
The vegetation changes illustrated in Figure 1 may un- 
derestimate the transitory character of the vegetation 
across eastern North America today. Quantitative anal- 
yses of rates of vegetational change during the past 
18,000 years have shown that the past 1,000 years have 
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I 
Precipitation 

Figure 2. Regions in climate space, ie., within a co- 
ordinate system defined by climate variables, occu- 
pied by species A, B, and C Arrow indicates a hypo- 
thetical change in local climate induced by a global 
climatic trend over 100-year intervaZs. Note the 
small region in climate space in which the species 
distributions overlap. The hypothetical climate 
change leads to species A and C appearing together, 
but C species remains after A becomes extinct lo- 
cal& Later B joins C and then keeps growing after C 
becomes locally extinct. Some of the independent 
changes on Figure 1 are of this charactex 

been a time of unusually rapid and synchronous vege- 
tational change throughout eastern North America (Ja- 
cobson, Webb, & Grimm 1987). These recent vegeta- 
tional changes have been quite different from one 
region to another, but the synchroneity of the changes 
across eastern North America implies a climatic cause. 

Although this recent period of vegetational change 
has coincided partially with broad-scale disturbance of 
landscapes by expanding Euro-American populations, it 
was underway for at least 500 years before Columbus 
reached the Americas. Furthermore, it is consistently 
evident in trends such as the climatically induced south- 
ward expansion of boreal taxa (e.g., spruce and fir) in a 
broad latitudinal band from Minnesota (Webb, Cushing, 
& Wright 1983) to Quebec (Webb, Richard, & Mott 
1983) and Maine (Anderson et  al. 1986). Post- 
Columbian disturbances of the landscapes of eastern 
North America have been significant, but the changes 
that began as much as 1,000 years earlier appear to have 
been even greater, and are probably continuing today 
(Jacobson, Webb, & Grimm 1987). In fact, classic stud- 
ies of plant communities have been focused on areas 
such as Minnesota’s “Big Woods” (Daubenmire 1936), 

which first developed only a few hundred years ago 
during the “Little Ice Age” (Grimm 1983). 

Conserving Communities to Maintain 
Species Diversity 
The Coarse-filter Approach 
The idea that conserving communities may be an efi- 
cient way to maintain species diversity is implicit in a 
metaphor used by The Nature Conservancy (1982): 
coarse filters and fine filters (Noss 1987a). Saving bio- 
logical diversity by the coarse-filter approach involves 
conserving communities; it assumes that a representa- 
tive array of communities will contain the vast majority 
of species (Fig 3). (The Nature Conservancy has esti- 
mated that 85-90% might be saved this way.) The fine- 

Figure 3. The coarse-filter approach to maintaining 
biological diversity focuses on protecting a represen- 
tative array of communities, and is based on the as- 
sumption that these communities will encompass the 
vast majority of species. The fine-filter approach fo- 
cuses on saving individual species that slip through 
the coarse-filtex As illustrated here the coarse filter 
has been used to save a tract of Zaire’s fores6 while 
the fine-filter appraoch has been employed for the 
bonobo or pygmy chimpanzee (Pan paniscus) and 
Congo peafowl (Afropavo congensis). 
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filter approach of saving individual species can then be 
used to save some of the species that “slip through” the 
coarse filter. The fine-filter approach focuses on learning 
the needs of species that are at risk and then providing 
for these needs, often through intensive management. In 
regions where conservation efforts are curtailed by a 
severe lack of money (e.g., developing nations) or a 
dearth of information about individual species (e.g., 
tropical forests), the fine-filter approach will be limited 
to a handful of conspicuous species. 

To envision how the coarse-filtedfine-filter approach 
would work, imagine a consortium of agencies collabo- 
rating to create a forest reserve system for eastern North 
America with the goal of maintaining viable populations 
of most of the region’s forest biota - roughly lo4 to lo5 
species. If the Nature Conservancy’s assumption is cor- 
rect, the consortium could achieve its goal of maintain- 
ing 85-90% of the species pool by establishing an array 
of large, well-distributed forest reserves representing all 
the regional forest types. It would be a relatively eE- 
cient program, because achievement of the same goal 
through activities focused on individual species would 
be nearly impossible. However, some species would not 
be preserved in the reserves because they are too rare 
to be included by chance alone. To take an extreme 
example, the apriori odds are heavily against Virginia 
round-leaf birch (BetuZa uber [Ashe] Fern.), a species 
confined to a single small valley, occurring in any re- 
serve, unless there was a special effort made to in- 
clude it. 

A community classification scheme is impractical for 
predicting the distribution of very rare, patchily distrib- 
uted species. Such a scheme would require defining a 
‘Virginia round-leaf birch community type” and scores 
of others, nearly one each for rare species. Even some 
moderately common species might have to be dealt 
with individually if their distributions were unusual or 
unpredictable. These are the species for which the fine- 
filter approach was designed, and it would be unwise to 
try to preserve them via the coarse-filter approach. If 
communities were internally regulated, long-term enti- 
ties, only very rare species would pose a problem for the 
coarse-filter approach. The vast majority of species 
would be so closely linked to other species - so inex- 
tricably part of their community - that their distribu- 
tions could be predicted from the distribution of a few 
dominants. The reductionist view of communities (Fin- 
egan 1984) and the paleoecological perspective on 
communities, however, indicate that species are gener- 
ally too independent of each other to allow prediction 
of many distributions (especially through time) from 
knowledge of a few dominants. Some pairs or small 
groups of species do have interactions that have led to 
coincident distributions - tightly evolved symbioses 
such as parasitehost are extreme examples - but these 
relationships are exceptions. 

The fact that most species react individualistically to 
their biological and physical environments, and not as 
components of a community, does not invalidate the 
coarse-filter approach. The independent behavior may 
mean that the estimate that 8590% of species could be 
preserved by a coarse-filter approach is overly optimis- 
tic, but it does not mean that the distribution of indi- 
vidual species is random. The question becomes, how 
can conservationists use an understanding of species 
distributions and their environmental relationships to 
maintain the high levels of species diversity? 

Physical Environments and the Maintenance of Diversity 

The distribution of organisms reflects the influence of 
biologcal factors such as competition, predation, and 
symbiosis; physical factors such as climate, soils, and 
topography; and historical factors such as barriers, land 
bridges, and changing climates (Ricklefs 1987). Further- 
more, the importance of various factors varies for dif- 
ferent temporal and spatial scales. Out of this potentially 
complex array of factors, certain patterns emerge. One 
such pattern is that species may grow in the same places 
because they coincidentally share a need for a similar 
range of physical conditions, rather than because of 
elaborate interactions between them. In extreme cases, 
such as with serpentine soils, the biota may even be 
quite distinctive. Consequently, the coarse-filter ap- 
proach would function best if it concentrated primarily 
on the identification and protection of a variety of en- 
vironments, especially unusual ones, rather than com- 
munities. This statement requires elaboration because it 
may appear too indirect a way to maintain biological 
diversity; why be concerned about maintaining reserves 
with a particular configuration of climate, soils, and to- 
pography if the goal is to maintain biological, not phys- 
ical, diversity? 

Recall that the goal of the coarse-filter approach is not 
to maintain communities per se, but rather to preserve 
communities as a way of maintaining a high level of 
species diversity. Community conservation is just a 
means to an end. We believe that a better means to the 
same end would be conservation plans that take into 
account the current location and potential changes in 
physical environments. In other words, we advocate 
basing the coarse-filter approach on physical environ- 
ments as “arenas” of biological activity, rather than on 
communities, the temporary occupants of those arenas. 
Physical environments can be defined by variables - 
for example, mean, minimum, and maximum annual 
temperature, soil moisture, nitrogen availability, etc. - 
that are critical to a wide range of organisms. In con- 
trast, current communities are just assemblages of or- 
ganisms and taxa growing at particular locations today, 
and the current presence and abundance of these taxa is 
no guarantee of their long-term survival, especially if the 
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environments are changing. Preservation of contempo- 
rary communities may be an efficient way to place most 
species under some sort of protection, but their long- 
term survival will depend upon well-designed reserves 
that allow species to move and survive environmental 
changes. A focus on environments is therefore the key 
to species preservation. 

An apparent advantage of focusing on physical vari- 
ables is that they are often easier to inventory and map. 
Topography is relatively stable and is already well 
mapped in many areas. Where it is not, it can be easily 
mapped with remote sensors. Climatic regimes can be 
interpolated from meteorological data and topography, 
and soils have been mapped from the ground in many 
regions. However, it would be unwise to delineate sites 
arbitrarily by their physical features without reference 
to biological distributions. By examining species distri- 
butions, certain common boundaries are likely to be- 
come apparent; if these boundaries can be related to 
threshold responses to physical factors, then the basis 
for a meaningful classification of physical environments 
can be developed. Species that are especially useful for 
defining particular physical environments can be desig- 
nated as indicator species. (Foresters first used the term 
to refer to herbs and shrubs that indicated differences in 
the physical environment too subtle to be discerned 
from the trees [cf. Westveld 19531). In many cases, of 
course, sharp, local boundaries in the distribution of 
plants are probably related to factors such as where fires 
have burned or heavy grazing has occurred and not to 
the physical environments. 

Paleoecological studies have shown that diverse land- 
scapes have supported diverse vegetation types over 
long periods during which climates have changed. For 
example, during the past 10,000 years midwestern for- 
ests on flat, sandy glacial outwashes have differed con- 
sistently from nearby forests on fine-grained glacial till 
(Brubaker 1975; Jacobson 1979), even though the spe- 
cies composition in both habitats types has changed. In 
Britain, geologic and edaphic factors, aided perhaps by 
human disturbance, have apparently allowed sites with 
chalk grasslands to support distinctive vegetation for 
much of the past 10,000 years (Bush & Flenley 1987). 
The sensitivity of species and communities to climate 
change varies among soil and habitat types (Bernabo 
l98l), and knowledge of such sensitivity differences 
can be important in planning. 

Problems with a Community Focus 

One further problem in focusing on preserving commu- 
nities is that the distribution of community dominants 
may not be particularly sensitive to environmental dif- 
ferences that are important to other species. In other 
words, the coarse-filter approach may be too coarse. 
This problem can be illustrated by an example from 

northeastern North America, where red spruce (Piceu 
rubens Sarg.) is a dominant species in many types of 
forest. The Society of American Foresters ( 1967) recog- 
nized six forest types in which red spruce was a major 
component; in one of these types, “Red spruce,” the red 
spruce is either pure or dominant. This type occurs in 
Maine on coastal islands, on thin-soiled sites at high el- 
evations, and on lowland, poorly drained flats. These are 
quite different physical environments, and an environ- 
mental, as opposed to community, classification would 
distinguish among them. We do not know enough about 
all the biota of red spruce communities in these three 
environments to assess how extensive the differences 
would be, but many exist. For instance, Swainson’s 
thrushes (Cutburus ustulutus Nuttall), bay-breasted 
warblers (Dendroicu custuneu Wilson), red maple 
(Acer rubrum L.), and northern white cedar (Thuju oc- 
cidentulis L.) are relatively much more common in low 
land stands, whereas gray-cheeked thrushes (Cuthum 
minimus Lafresnaye), blackpoll warbler (Dendroicu 
striutu Forster), mountain ash (Pyrus umericunu 
[Marsh.] DC), mountain paper birch (Betulu cordifoliu 
Regel.) and mountain maple (Acer spicutum Lam.) are 
usually only found in high-elevation stands. Coastal for- 
ests are more similar to high-elevation forests than to 
lowland forests, although they lack gray-cheeked 
thrushes and mountain maples (personal observation; 
Davis 1966; Noon 1981; Widoff, personal communica- 
tion). 

Another red spruce forest type, “Red spruce-yellow 
birch’ (Betulu ulleghuniensis Britton), provides an ex- 
ample of an additional problem associated with commu- 
nity classifications. Following selective cutting and 
birch diebacks, many sites that once supported this type 
(lower slopes and moist well-drained flats) are now 
largely dominated by balsam fir (Abies bulsumeu [ L.] 
Mill.) and red maple, species that were formerly con- 
sidered only associates in this type (S.A.F. 1967). In just 
a few decades this community has been transformed 
almost beyond recognition. Similarly, in the Great Lakes 
region, late nineteenth century selective cutting and 
fires changed mixed pine forests of Pinus strobus L. and 
P. resinosu Ait. to communities of sweetfern Comptoniu 
peregrinu (L.) Coult, aspen Populus spp. suckers, and 
scrubby oaks Quercus spp. (Whitney 1987). It is diflicult 
to generalize about how such major changes in the dom- 
inants may be reflected by the community as a whole. 

The Value of Communities 

The signrficance of modern communities is not greatly 
diminished because specific communities are short- 
term or even recent features of the landscape. The pro- 
duction of organic matter by a mangrove swamp or the 
beauty of an alpine meadow are just as important 
whether the systems have been in existence for ten 
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years or ten million years. The fruit produced by a plant 
species may be as important to the survival of a frugiv- 
orous endangered species whether the two species have 
coexisted for a few decades or hundreds of generations. 
A rare community (e.g., one dominated by species that 
usually do not coexist) is of some biological interest 
even if it is transitory and loosely organized. 

Our concern is in identlfying the best strategies for 
maintaining a high level of species diversity. We believe 
that this goal may often be achieved most efficiently if a 
coarse-filter approach is used with a primary focus on 
physical environments rather than on specific extant 
communities. This approach, however, need not be the 
only one used by conservationists. Sometimes the inex- 
tricable relationship between communities and physical 
environments will make it preferable to think in terms 
of ecosystems. Sometimes even the fine-filter approach 
will be most suitable, especially if there is adequate in- 
formation and money. For example, the easiest way to 
identify habitat for a rare butterfly, Mitoura hesseli Raw- 
son and Zigler, is to search for a stand of Atlantic white 
cedar Chamaecyparis thyoides (L.) BSP, rather than to 
seek the special combination of climate and soils that 
would probably provide a suitable environment for the 
butterfly and the cedar upon which they lay their eggs 
(Opler & Krizek 1984). In this example, communities 
are the basis for a fine-filter approach to maintaining 
species diversity. The conservation of biological diver- 
sity is too complex for monolithic approaches; and pres- 
ervation of populations, species, communities, physical 
environments, ecosystems, and landscapes must all be 
considered, when deemed appropriate. 

Recommendations for Nature Reserves 

Much has been written about the optimal design of na- 
ture reserves (e.g., Diamond 1975; McLellan et al. 
1986). In light of the potentially large climate changes 
that may accompany increased concentrations of CO,, 
we found our paleoecological perspective helpful in for- 
mulating the following three recommendations for de- 
signing reserves. 

1. Decisions about where to locate nature resmes 
should be influenced by the distribution of particular 
local physical environments Imagine a group of con- 
servationists with enough money to purchase and man- 
age a new 100 ha reserve, trying to decide between 
acquiring their region’s only outcrop of serpentine bed- 
rock, or the only forest dominated by white oak in the 
region. All other things being equal (e.g., neither site 
had a population of a known rare species), we would 
advocate acquisition of the serpentine site on the as- 
sumption that this site is more “special” and more likely 
to support unknown or rare species consistently 
through time. 

2. Nature resmes should contain a range of envi- 

ronments to allow organisms to adjust their local dis- 
tribution in response to long-term environmental 
change. For example, if a reserve encompassed a sigmf- 
icant gradient of temperature or precipitation, organ- 
isms might be able to move within the reserve to adapt 
to global and regional climate changes. Not all reserves 
can be extensive enough for this purpose, and this idea 
is probably applicable mostly in mountainous areas 
where climatic gradients are sigtllficantly compressed 
by elevational differences. Peters & Darling (1985) ex- 
pressed a similar idea in pointing out that reserve de- 
signs should anticipate predicted changes in regional 
temperature and moisture conditions resulting from 
carbon-dioxide-induced climate changes and conse- 
quent shifts in latitudinal and altitudinal distributions of 
organisms. 

3. Nature reserves should be connected as much as 
possible by large-scale (continentall) corridors that 
would allow species to change their geographic distri- 
butions in response to climate changes The need for 
habitat corridors to allow organisms to move among 
nature reserves, thus maintaining gene flow and mini- 
mizing local extinction events, has been extensively dis- 
cussed (Noss & Harris 1986; Simberloff & Cox 1987; 
Noss 1987b). However, the need for bands of suitable 
habitat along which organisms can shift their geographic 
distribution is obvious only from a long-term perspec- 
tive. Ideally, there would be wide, almost unbroken, 
stretches of undisturbed ecosystems running north- 
south to allow for latitudinal range shifts in response to 
temperature changes, and east-west to allow for longi- 
tudinal shifts in moisture patterns. Such a system would 
be dif€icult to establish, but a modest facsimile might be 
feasible. For example, the 300 m wide corridor of forest 
being assembled between Georgia and Maine to accom- 
modate Appalachian Trail hikers may also facilitate ma- 
jor range shifts by some species. Maintenance of prop- 
erly spaced “islands” with suitable habitats could 
accomplish the same goal for taxa able to disperse or be 
dispersed over long distances. For example, adequately 
spaced wetlands are currently essential for the annual 
migrations of certain waterfowl and other birds. Over 
longer periods of time, other taxa may be able to shift 
their range boundaries by such habitat-hopping. Overall, 
the need for species to change their geographic distri- 
butions argues against a narrow focus on reserves and 
corridors and requires a policy of good stewardship for 
the entire landscape (Huntley & Webb, 1988a). 
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