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ABSTRACT. In this paper, we briefly discuss some of the fundamental problems arising from the inherent
complexity of larger-scale ecological systems. We examine the tenuous assumption of a direct correspondence
between ecological data and theory, we comment on a recent report that evaluated the efficacy of fragmentation
experiments, and we briefly assess its implications for ecological research and conservation practice on the

landscape scale.

INTRODUCTION

Linking theory and data is not an easy task, especially
at larger spatial extents and temporal horizons. For this
reason, capturing ecological reality has been a more
difficult task than landscape ecologists previously may
have  appreciated. In  addition, trandating
fragmentation effects into terms that can be understood
and used in management has been most difficult
(Villard 2002). The trouble is that ecological
complexity at all scales tends to blur research results,
with patterns that are more often than not equivocal,
especialy when results from severa studies are
compared (Debinski and Holt 2000, McGarigal and
Cushman 2002). Conseguently, the researcher is left to
interpret "noisy" study results in the light of what are
assumed to be redlistic theoretical and conceptua
frameworks. Indeed, the noise or variation may inform
the theory.

The origins of our trust in ecological theory and
concepts may spring from advances in knowledge
gained from the mostly successful attempts of
mechanistic and experimental science to discover
"answers' to smaller-scale ecological questions.
However, al answers are circumscribed by what
O'Neill et a. (1985) have termed our "observation
set." The questions we ask, the variables we measure,
and the analyses we use always constrain the domain
of possible answers. Additionally, ecologists have
tended to ask "solvable" questions. Messy, intractable
problems have not been addressed until advances in
technology or paradigmatic theory made them more
tractable. For example, the development of landscape
metrics software, the ability to gather and anayze
digital landscape data, and the realization that scale
matters have alowed ecologists to ask questions

regarding the effects of landscape fragmentation that
could not have been addressed earlier. However, even
the most sophisticated technological tools are just
tools, and new paradigms are always more complex
than their initial use would indicate.

Given these tendencies, it is easy for ecologists to be
insufficiently introspective when interpreting their
results. In ecology, experimentation has long been
regarded as the most rigorous of scientific approaches
(Platt 1964). Thus, we might expect a "rigorous
experimental approach" to provide more insight into
the effects of larger-scale habitat fragmentation than
do the more traditional observational, historical, and
comparative approaches. However, do the data support
this contention? Debinski and Holt's (2000) recent
survey of habitat fragmentation experiments provides
a troublesome message and suggests that the answer to
this question is; "not necessarily."

FRAGMENTATION EXPERIMENTS:
ISTHE MESSAGE CLEAR?

In their enlightening review of habitat fragmentation
experiments, Debinski and Holt (2000) not only
provide an excellent analysis of the few studies that
have actually used experiments to refute or support a
priori hypotheses about fragmentation effects, but their
results also speak volumes about the complexity of the
causal mechanisms attendant to habitat change.
Debinski and Holt (2000) report the results of 20
studies (21 if a notational account given in the
acknowledgements is included) that tested six major
groups of hypotheses. These hypotheses concern: (1)
the relationship of species richness to area, (2) the
relationship of species abundance or density to area,

Utah Cooperative Fish and Wildlife Research Unit, U.S. Geological Survey; 2Wildlife Research and Management Unit, Technical University of Munich and

Max Planck Research Centre


mailto:john.bissonette@cnr.usu.edu
mailto:ilse.storch@t-online.de
http://www.consecol.org/vol6/iss2/art14

(3) whether interspecific interactions are modified by
fragmentation, (4) whether edge effects influence
ecosystem "services," (5) the relationship between
corridors and movement between habitat fragments,
and (6) whether connectivity increases species
richness. The results are interesting and informative.
Only six of 14 (37.5%) studies supported the
expectations of the first and sixth hypotheses, i.e., that
species richness would increase with increasing area or
connectivity. The expectation for the second
hypothesis is that the abundance and density of
specialist species should decrease with increasing
fragmentation, although movement dynamics between
different habitat elements (matrix vs. patch) might
result in increases. Debinski and Holt (2000) found
that species abundance decreased with increasing
fragmentation in only six of 13 studies (46.2%). The
prediction for the third hypothesis is that some
modification is expected, and it was supported in the
two studies that addressed the question; both of them
involved arthropod populations. An expectation from
theory is that an increase in edge relative to core areas
(the fourth hypothesis) can have profound effects on
ecological processes (Saunders et al 1991, Debinski
and Holt 2000). Two of three (66.6%) studies
supported the hypothesis on edge effects. The
expectation for the fifth hypothesis is that
fragmentation inhibits movement and prevents the
formation of corridors, with the result that connectivity
should be positively correlated with increased
movement. Debinski and Holt (2000) found that four
of five (80%) of the studies they evaluated supported
this hypothesis, at least for some species. They found
mixed results for predictions involving species
richness (e.g., Laurance and Bierregaard 1996,
Collinge 1995 vs. Schmiegelow et al. 1997, Margules
1996), density and abundance of species (e.g., Foster
and Gaines 1991, Margules and Milkovits 1994 vs.
Barrett et a. 1995, Collins and Barrett 1997), edge
effects (e.g., Bierregaard et a. 1992, Klenner and
Huggard 1997 vs. Robinson et a. 1992), and corridors
and movements (e.g., Haddad 1997, Wolff et al. 1997
vs. Andreassen et al. 1988). The results were "entirely
mixed." Debinski and Holt (2000) credit time lags,
scale inconsistencies, contingent social interactions
between species, and habitat generalists as some of the
reasons for these mixed results.

Although this certainly suggests that there are serious
problems with experimental approaches, comparative
mensurative  studies  (the  more traditional
observational, historical, and comparative approaches)
appear to perform no better. McGarigal and Cushman
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(2002) reviewed 134 fragmentation studies, 43% of
which were observational. They found that, regardless
of whether they were manipulative (experimental) or
mensurative, fragmentation studies did not provide
clear insights into system dynamics.

The hypotheses examined are of fundamental interest
to ecologists who strive to understand the underlying
conceptual  framework governing fragmentation
effects, and to managers charged with carrying out
"ecosystem management” (Walters 1986, Walters and
Holling 1990, Forest Ecosystem Management
Assessment Team 1993, Grumbine 1994, 1997), or
with conserving biodiversity (Noss et al. 1994, 1995).
The clear message appears to be that straightforward
predictions do not capture the multicausal nature of
organism response to fragmentation. For example,
generalist species can be expected to respond
differently than specidists. Similarly, early
successional  species, transient organisms (usually
younger individuals), and edge- and core-sensitive
species can be expected to respond differently to
landscape fragmentation (Bissonette et a. 1997,
Debinski and Holt 2000, Storch 2002). Time lags will
be common and have profound effects. Additionally,
matching time and spatial domains remains a problem.

Delcourt et al. (1983), Wiens (1989), Halling (1992),
and Bissonette (1997) have all suggested that there is
an approximate matching between gspatial and
temporal scales in ecological processes. For example,
the global distribution of forested landscapes changes
at a speed of tens of thousands of years; regionally,
forest disturbances such as fire occur at intervals from
a few to hundreds of years; and, localy, vegetation
changes within annual cycles. What this means is that
time lags can be expected to occur in landscape-scale
interactions. The decline of sugar maple (Acer
saccharum) forests in the northeastern United States
over the past haf century or more is an excellent
example of this, because not only is the extent of the
damage more difficult to quantify, but its cause is also
exceedingly difficult to determine because of the time
lags involved. Additionally, the pattern of decline
extends over hundreds of miles, but appears to be
caused by local effects of soil acidification. Air-borne
pollutants from the midwestern United States are
carried by the prevailing west-to-east weather pattern,
and acidified pollutants are deposited in the eastern
United States. Several hypotheses have been suggested
for the large-scale decline of sugar maple trees. Insect
defoliation, drought, and historic land-use practices
have been proposed as causal (Driscoll et al. 2001),
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but have not been supported (Swistock et al. 1999,
Drohan 2000, Horsley et al. 2000). Rather, Sharpe and
Sunderland (1995) and Sharpe et a. (1999) argue
persuasively that acid deposition on forest soils,
coupled with very long lag times in soil response,
accounts for the sugar maple decline. The mechanism
appears to be soil acidification and is apparently
referenced by critically low cacium:aluminum and
calcium:magnesium ratios (Sharpe et a. 1999,
Swistock et a. 1999). Time lags of many years and
perhaps even decades appear to be operating,
suggesting that critical thresholds of soil acidity need
to be reached before the effects become apparent.
Although this is only one example, time lags and
threshold effects may be more prevalent than we have
supposed. Much longer multiscale studies are needed
to understand the putative causes. Time lags also
involve major ramifications for management. Land
Mmanagement or species conservation measures that are
likely to take years to show the desired effects are
difficult to defend and are not popular with decision
makers, who work with annual budgets and may be
elected for short periods of time. Additionaly, the
public and media appear to respond much more readily
to more concrete and immediate results that appear to
have a connection with causality closer to 1:1.

FINAL COMMENTS

In their study, Debinski and Holt (2000) have done
landscape ecologists a remarkable service. Their
results tell us something very important about the
effects of fragmentation. The essence of the messageis
that the effects of fragmentation can be understood as
multicausal, exhibiting thresholds where they are
unexpected; are characterized by time lags that may be
unpredictable; are heavily influenced by the structural
differences between the matrix and the patches,
especidly if the patches are disturbance rather than
remnant patches;, and are heavily dependent on the
temporal and spatial scales of observation. In addition,
their dynamics are contingent on system history and
therefore subject to unpredictable stochastic events.
What we have just described is a complex adaptive
system (Levin 1999) that may be characterized by
deterministic chaotic events (Peak 1997). Weather
pattern dynamics may be an excellent example of this
kind of system. The question then becomes: do we
think that we, as landscape-oriented animal ecologists,
can beat the weatherman when it comes to
predictions? Weather forecasts are notoriously poor
once they exceed time frames of more than afew days,
despite the enormous amounts of data and
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sophisticated analytical tools that meteorologists have
at their disposal. Sensitivity to initial conditions, i.e.,
system history, has an enormous effect. So what
makes us believe that we should be able to do much
better? Perhaps the message is that, at some general
level of explanation, ecologists may have predictive
power regarding the effects of fragmentation, but
complexity is likely to make prediction of specifics
difficult or impossible.

Responses to thisarticle can be read online at:
http: //wwww.consecol .or g/vol 6/i ss2/art14/r esponses/index.html
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