Conservation Ecology: Lack of agreement on fragmentation metrics blurs correspondence between fragmentation experiments and predicted effects

Home | Archives | About | Login | Submissions | Notify | Contact | Search
ES Home > Vol. 7, No. 1 > Resp. 6

Copyright © 2003 by the author(s). Published here under license by The Resilience Alliance.
The following is the established format for referencing this article:
Bogaert, J. 2003. Lack of agreement on fragmentation metrics blurs correspondence between fragmentation
experiments and predicted effects. Conservation Ecology 7(1): r6. [online] URL: http://www.consecol.org/vol7/
iss1/resp6/

Response to Bissonette, J. A., and I. Storch. 2002. "Fragmentation: is the message clear?"

Lack of Agreement on Fragmentation Metrics Blurs
Correspondence between Fragmentation Experiments and
Predicted Effects
Jan Bogaert

University of Antwerp

●
●
●
●

Abstract
Responses to this Article
Acknowledgments
Literature Cited

ABSTRACT
The direct correspondence between landscape fragmentation and its effects is still the subject of debate. Many
widely accepted hypotheses are not supported by experiments. The issue of fragmentation measurement is
addressed here. To predict the effects of fragmentation, it is essential to quantify the pattern of fragmentation.
Despite the increased use of spatial analysis and available measures, experts have not yet reached an agreement
on how to measure patterns of fragmented landscapes and, thus, unambiguous translation of experimental
findings into conservation or management guidelines is hampered.
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Based on two reviews (Debinski and Holt 2000, McGarigal and Cushman 2002), Bissonette and Storch (2002)
suggest that time lags, thresholds, patch–matrix contrasts, and observation scales cause a lack of correspondence
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between fragmentation effects and straightforward predictions. Differences in response to fragmentation between
core- and edge-sensitive species, and between generalist and specialist species, are also assumed to inhibit the
predictability of fragmentation effects. Bissonette and Storch (2002) suggest that fragmentation behaves like a
complex adaptive system, characterized by deterministic chaotic events, and is thus unpredictable (Denny and
Gaines 2000).
This complex message does not take into account another factor introducing variability into fragmentation effect
assessment: the measures used to determine to what extent the landscape is fragmented. Different degrees or
types of fragmentation will have different effects. This issue should be clarified before a more complicated item,
such as matching temporal and spatial domains (Wiens 1989, Bissonette 1997), is dealt with. Measurement of
fragmentation has been the subject of many discussions over the years. This paper is not intended to promote
one metric above the rest, but rather signals the problem of metric superabundance and redundancy, and urges
landscape ecologists, conservation biologists, and landscape managers to agree on suitable measures before
drawing conclusions from experiments or observations.
The spatial pattern of habitat has been important in assessing the status of a variety of organisms (Davidson
1998). Landscape ecology hypothesizes that this spatial arrangement has ecological implications: land-use pattern
change is considered crucial to an understanding of landscape dynamics and its consequences (Turner and
Ruscher 1988). To investigate this relation between pattern and process, patterns should be described in
quantifiable terms (Hargis et al. 1997). Consequently, conservation strategies should consider not only amounts
of habitat to be retained, but also their spatial configuration (Schumaker 1996). Quantifying the pattern of
fragmentation is essential to establish criteria for relating a particular pattern to its consequences (Levin 1992).
Pattern maps are useful because they quantify biologically relevant information that is not evident from a land
cover map (Riiters et al. 2000). This insight has generated an abundance of landscape indices and concomitant
software (e.g., FRAGSTATS, McGarigal and Marks (1995)), and new measures are still being proposed (Bogaert et
al. 2002a,b). However, despite the increased use of spatial analysis and available measures, no agreement has
been reached on how to measure landscape patterns (Davidson 1998).
This problem of metric abundance is still the subject of debate (Gustafson 1998): many indices have been shown
to be correlated (Hargis et al. 1997, Bogaert et al. 1999) and to exhibit statistical interactions (Li and Reynolds
1994). Some metrics simultaneously quantify multiple components of pattern (Li and Reynolds 1994, Riiters et al.
1995). Arguments have been put forward to develop such indices to reduce the number of variables in a
multivariate analysis (Scheiner 1992), despite the difficulty already encountered when interpreting indices that
measure one single component (Li and Reynolds 1994). One solution would be to define independent components
of spatial pattern and develop a suite of metrics to measure them (Li and Reynolds 1994, Riiters et al. 1995). In Li
and Reynolds (1995), spatial heterogeneity is divided into number of land cover types, proportion of land cover
types, spatial arrangement of the patches, patch shape, and contrast between neighboring patches. Another
method to reduce the number of metrics is factor analysis (Riiters et al. 1995). From a statistical point of view,
most indices actually measure one or just a few independent dimensions of pattern, and many are redundant, at
least across a range of spatial and attribute scales (Cain et al. 1997). Nevertheless, the biological relevance of
metrics may be more important than their statistical properties. Moreover, unless there is some biological
justification, there appears to be little need to calculate many metrics. One question that a factor analysis cannot
answer is the relevance of any metric to the analyst (Riiters et al. 1995). Therefore, indices sensitive to the aspect
of landscape pattern of concern should be preferred (Davidson 1998).
Fragmentation produces many quantifiable landscape changes: reduced habitat area, increased edges, reduced
interior area, patch isolation, and increased number of patches (Davidson 1998). Most can be measured
separately. However, there is no single measure that captures all aspects (Baskent and Jordan 1995); even so, a
single measure is often mistakenly used as an overall measure (Davidson 1998). The simplest way to summarize
the pattern of fragmentation is through a frequency distribution of patch sizes (Groom and Schumaker 1993). A
typical size distribution shows skewness towards smaller values. However, this does not provide any information
concerning other consequences of fragmentation, such as edge effect or isolation (Groom and Schumaker 1993).
Moreover, the spatial distribution of patch sizes is sometimes hard to measure and interpret in a complex
landscape (Baskent and Jordan 1995).
Two approaches may be used to account for the lack of an overall measure. The first is to select the aspect of
fragmentation that is of most concern to the question being investigated, e.g., patch size (Robinson et al. 1992).
However, it should be noted that interpreting single-factor measures has been described as “tricky” (Davidson
1998): perimeter length, patch area, interior area, isolation, and other indicators of fragmentation all interact and
http://www.ecologyandsociety.org/vol7/iss1/resp6/ (2 of 5) [9/2/2008 3:31:10 PM]

Conservation Ecology: Lack of agreement on fragmentation metrics blurs correspondence between fragmentation experiments and predicted effects

may change in contradictory directions as fragmentation proceeds. The second approach to measuring
fragmentation is to use several measures, because no single index can capture the full complexity of the spatial
arrangement of patches (Dale et al. 1994). This approach is most appropriate when the integrity of the entire
ecosystem, rather than the impact on a single species with specific needs (Davidson 1998), is being assessed. The
use of multiple measures requires “balancing” the measures, often in different units. A possible solution is to
combine multiple metrics as a vector in a hyperspace (Sharpe et al. 1982, Bogaert et al. 2000).
Although there is inherent danger in testing hypotheses formulated in advance (Diamond 2001), it is becoming
increasingly necessary to understand the consequences of the destruction and fragmentation of natural habitats
(Robinson et al. 1992). The unpredictability of fragmentation effects (Bissonette and Storch 2002) underscores
the need to reassess how fragmentation is measured. Until comparison of fragmentation patterns can be executed
unambiguously, the effects of the patterns cannot be compared. Many metrics have been defined, and different
statistical or methodical approaches have been proposed to limit the number of metrics in the analysis. Agreement
exists that a suite of metrics is necessary to cover the complexity of landscape patterns. These metrics ideally
each describe a single independent pattern component. However, the choice of which metrics should be calculated
still remains undecided, despite the urgent need to develop clear guidelines for landscape conservation and
restoration.
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