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Ecologists and paleoecologists have become
increasingly aware that the temporal and
spatial scales of the two disciplines overlap
considerably and provide complementary
information. Pollen and macrofossil evi-
dence from thousands of radiocarbon-dated
sites worldwide indicate that species respond
to environmental change independently,
that communities are relatively open as-
semblages, and that instability and change
characterize Qualernary environments
and biotas. The extended temporal view
vrovided by paleoecology also enables
detection of the occurrence, intensity and
changing frequency of periodic and unique
events such as disturbances and environ-
mental fluctuations. As these insights con-
tribute fo our understanding of a dynamic
environment and biota, they may help to
increase our ability to anticipate future
changes in communities.

Ecologists have recently re-
2mphasized the importance of scale
n understanding community or-
zanization and dynamics'. Paleo-
acology brings major insights to
community theory as a result of its
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range of spatial perspectives (Fig.
1). Organisms experience environ-
mental fluxes on scales that range
from milliseconds to thousands of
years and from 107° to 10'* mZ,

Ecologists generally study organ-
isms on a time-scale of less than
100 years and often are limited to
the duration of an experiment, field
season, or grant. Many paleoeco-
logical studies cover a period of
1000-20000 years with a temporal
resolution of 10-200 years. Spatially,
studies based on pollen analysis are
sensitive to vegetational changes
on a scale of hundreds of meters to
hundreds of kilometers. The use of
carefully selected basins and fine-
resolution sampling of sediments in
conjunction with other historical
techniques can yield temporal and
spatial resolution similar to that
employed in community analysis
(Box 1).

Community ecology can benefit
from the expanded perspective
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provided by paleoecology because:
(1) it enables the investigation of
important ecological processes that
are difficult to address in a short
time-frame, (2) it provides many
additional observations from which
to derive ecological principles, (3) it
clarifies community response over
a range of temporal and spatial
scales, (4) it compares the charac-
teristics and dynamics of biological
systems in periods before exten-
sive human activity with periods of
anthropogenic influence, and (5) it
evaluates taxon response to en-
vironmental changes of magnitudes
that are beyond historical values
but within the range of projected
global changes®’.

One fundamental message from
paleoecology to community ecology
is a better understanding of the
nature of the ‘community’ and of
the nonequilibrium conditions that
organisms have been living with over

nerspective

Insights from Paleoecology to

Community Ecology

vide information on the individu-
alistic nature of species behavior,
community organization, and com-
munity stability and change.

Species behavior

Species have responded individu-
alistically to paleoenvironmental
change in both time and space. For
example, in pollen diagrams from
the northeastern USA, individual
tree taxa appear sequentially in the
pollen record and rise to levels of
abundance independently of other
taxa®. In the face of species-specific
disturbances, e.g. the chestnut
blight and the apparent pathogenic
attack on hemlock 4500 years ago,
a broad group of other species
increased to replace the affected
species®.

Spatially, the individualistic
nature of species response is even
more striking. Distribution maps of
major tree taxa over the past 15000

the past two million years. Specifi- years in the northeastern United
cally, paleoecological studies pro- States show that genera that
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Fig. 1. The relationship of temporal and spatial scales in ecological and palececological studies. The
source of the information is distinguished as field studies |dotted lines), historical data (dashed lines),
and palececological studies (solid lines).

Mary Flagler Cary Arboretum, Box AB, Millbrook,
NY 12545, USA.
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broadly overlap in their current
geographic distributions (e.g. Picea,
Pinus and Betula) have undergone
quite independent range move-
ments and expansions in the
past'®!'. A similar individualistic re-
sponse occurs across trophic levels.
Beetles and other insects appear to
migrate rapidly and independently
of structural and compositional
characteristics of the vegetation'?;
mammals move rapidly, perhaps
primarily in response to structural
rather than compositional changes
in the vegetation; and different com-
ponents of the flora (e.g. aquatic
plants and upland species) migrate
at different rates'*'*. The results
suggest that species have behaved
individualistically due to inherent
differences in responses to environ-
mental complexes and due to dif-
ferential dispersibility, growth and
reproduction'?'®,

Community organization
The individualistic nature of
species responses implies that

communities are relatively open,
and that the well-defined and ap-
parently coherent assemblages of
today are transient and have no
long-term history in the Quaternary.

For decades paleoecologists
have recognized that many fossil as-
semblages have no close modern
analogs'”'®, These ‘disharmonious’
groupings of fossils are accepted
as representing faunal and plant
communities that were shaped by
unique past climatic, biotic and
edaphic conditions'*'?. At no time
were the assemblages as unusual
as during the Late Glacial period
{14000-10000 years BP)®, In north-
ern Minnesota this period is charac-
terized by spruce (Picea) forest —
but one thatlacked Pinusand Abies,
and included temperate genera
such as Fraxinus, Quercus and
Ulmus, and prairie genera such as
Artemesia and Ambrosia. No such
forest assemblage occurs today. Evi-
dently the Late Glacial vegetation
formed in response to a climate,
characterized by mild winters and
cool summers, for which there is no
modern analog in North America'*?'.

Stability and change

An important consideration of
community organization is the
relative stability of community
composition through time. Many
early ecologists assumed a great
continuity of plant assemblages
through time — in part because of
their belief in the evolutionary de-
velopment of biotic associations,
and in part because they under-
estimated the profound global
environmental changes that had oc-
curred”. There are some notable
examples of long-term stability in
the pollen record: for instance, two
sites in northern Georgia show little
variation in the amounts of spruce
and jack pine (Pinus banksiana)
abundance over a nearly 10000 year
period ending in 13500 BP iRef. 23).
In other sites the vegetation also
displays a certain inertia or re-
silience to change in the face of
climate change or disturbance?!?,

However, from 13500 years ago to
the present, the history of biotic
communities has been one of per-
vasive and continual change. Al-
though the rate has varied, there is
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a remarkably widespread record of
change in the composition of veg-
etation assemblages and underly-
ing environmental factors. This has
been best illustrated through com-
parative studies of pollen records
from lake basins across the east-
ern United States'® (Fig. 2). These
records indicate essentially no
periods of sustained homogeneity.
Rapid and synchronous changes
across most of the region at three
discrete times (13500, 12300 and
10000 years BP) evidently signal
major alterations in broad atmos-
pheric circulation patterns, whereas
continuous changes are a response
to progressive modification not only
of climate but also of soils, fire
regimes and biotic interactions®!’.
Even the archetype of sustained,
homogeneous environmental con-
ditions — the equatorial tropics - has
undergone major transformations.
as shown by the paleoecological rec-
ord. For example, lowland areas of
Guatemala were more xeric during
the Late Wisconsin (11000-10000
years BP)%, and dramatic altitudinal
shifts in equatorial forests have
been documented at all but the
lowest elevations in South America,
Africa and Southeast Asia’”. This
evidence reinforces the point that
plant communities are highly dy-
namic entities and raises major
doubts concerning the relationship

between species diversity and
long-term stability in tropical
ecosystems.

Factors shaping community organization:
climate, disturbance and man

The long temporal perspective of
paleoecology clarifies the character
and history of the factors that con-
trol community change, including
climate, natural disturbance and
human activities. A major con-
clusion derived from global climate
models and biotic history during the
Quaternary is that climate changes
continuously on all temporal scales
and that these climatic variations
produced environments that are
unknown in modern times?' 2%,

A significant problem in the mod-
ern investigation of disturbance is
that the low frequency or episodic
occurrence of events may make it
difficult to derive enough samples
to vield generalizable results. Most
ecologists increase their sample
number by extending the spatial ex-
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tent of their study area — thereby
relying on a sometimes problematic
substitution of space for time?. As
shown by Clark® in an elegant study
of fire and vegetation processes
in northern Minnesota, such an
approach may lead to highly er-
roneous results. By linking modern,
historical and paleoecological data
in a study with very fine resolution,
Clark arrived at two major con-
clusions: (1) under changing climate
and vegetation the disturbance
regime of the area changed continu-
ously during the past 2000 years;
and (2) due to the longevity of the
tree species, the disturbance (fire)
regime of the modern landscape is
not the same as the disturbance
regime that gave rise to the modern
vegetation pattern. The vegetation
is not in equilibrium with the current
disturbance regimes and therefore

modern studies may provide little
insight into the actual environmen-
tai variance that affecis even a
single generation of trees.

Clark and others make another
relevant point, namely, that all cur-
rent ecological studies of disturb-
ance and other processes must
contend with the unknown com-
plication of widespread human
alteration of ecosystems. [n most
regions of the world the vegetation
has been directly and extensively
altered by anthropogenic activi-
ties’'32. In all regions, indirect
effects have occurred that are diffi-
cult to assess: for example fire sup-
pression, introduction of pathogens,
alteration of species abundance
including herbivore numbers, and
global alteration in atmospheric in-
puts®. In fact, a major contribution
of paleoecology is its ability to ad-

dress these changes by contrasting
periods of low human activity to
later periods of extensive change®.

Paleoecology and applied ecology

The lessons from the historical
perspective of system response to
environmental change before and
after extensive human impact have
direct bearing on restoration ecol-
ogy, management of natural areas
and ecosystems, and prediction
of system response to stress
phenomena.

In the restoration of human-
altered systems, paleoecology can
define the pre-disruption con-
ditions of the area or ecosystem
and thereby provide a target con-
dition to aim for. This information
can concern state variables (e.g.
the species composition or depth
of an aquatic system| or processes
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Fig. 2. The rate of vegetational change in continuous pollen-stratigraphic sequences at |7 sites in eastern Morth America. The rate is calculated by
measuring the multivariate distances between adjacent pollen spectra interpolated to represent even time intervals. These multivariate distances per
unit time provide a quantitative measure of the rate of paiynologicai change, which is a proxy for the amount of vegetational change. A piot of the
increments of change over long periods shows the rate of vegetational change'”, Greater distances indicate greater changes in pollen spectra in 100 years.
Chord distance/100 years' is a measure in ordination space along the first axis (using correspondence analysis) between successive pollen assemblages
‘rom a pollen diagram at one site. The pollen assemblages were taken from 100 year intervals, hence the ‘distance/time’ measurement. High rates of
-hange at one site | Gould Pond, Maine| are associated with: (1} population expansion and decline of Picea, (2) expansion of Tsuga, (3) decline and recovery
sf Tsuga from pathogenic attack, and (4] decline of Fagus and Tsuga. expansion of Picea and modern cultural disturbance. Redrawn from Ref. 6.
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(e.g. the changing forms and ac-
cumulation rates of organic carbon,
phosphorus, nitrogen, sulfur and
cations)*. Paleoecological perspec-
tives have been most useful in
aquatic systems, e.g. in mitigating
eutrophication or assessing acidity
changes®?, but may have direct
relevance to wetland and upland
situations.

Baseline and background infor-
mation derived from paleoecologi-
cal studies should be a standard
part of land management programs.
This is true whether the objective is
to maintain or restore natural con-
ditions or processes (e.g. in National
Parks), to assess the desirability of
acquiring land for preservation, or to
retain cultural landscapes in their
present conditions®’. Largely on the
basis of historical and paleoecologi-
cal reconstructions, fire has been
reintroduced into the management
program of many National Parks in
the United States®. There is also a
growing interest in preserving land-
scapes that have arisen through ex-
tensive human activities, such as
increasingly rare heathlands, which
generally develop in coastal, sandy
environments as a result of inten-
sive deforestation, grazing, burning
and mowing®.

Finally, it has been estimated that
the earth’s environment will under-
go global changes as a result of
human especially the
alteration of atmospheric chemis-
try*. Although some of these pro-
jected changes are novel (eg. in-
puts of organic pollutants or acidi-
fication of aquatic and terrestrial
ecosystems), the magnitude, if not
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the rate, of projected climate
changes driven by enhanced atmos-
pheric CO, concentrations may be
within the range of past, natural
changes. The observations, and par-
ticularly the models developed and
calibrated using palececological
data (e.g. Refs 17 and 28), will pro-
vide a major source of information
for predicting future changes®.

Conclusion

Ecologists recognize the import-
ance of long-term studies to assess
the variability inherent in biological
systems and to investigate ecologi-
cal phenomena that occur slowly or
over long time-scales*'*2. Although
current long-term studies are
directed towards understanding
prospective changes, paleoecology
provides a retrospective view of bi-
otic and environmental history over
temporal scales relevant to modern
ecologists. This historical approach
has contributed greatly to improv-
ing current concepts of community
organization, evaluating climate dy-
namics and understanding disturb-
ance processes. As a result, we may
increase our ability to anticipate
future changes in community com-
position and dynamics.
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