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Snapshot from a simulation in a relatively large lattice (1536 × 1536 cells).
Borderlines of the individual cells are not shown. The inset magnifies a piece of
the lattice (outlined in purple). λ increases from 0.90 to 4.7375 from left to right,
and does not change over time (v = 0). The coloring is the same as in Fig. 1.
Note that small fragments, surrounded by unoccupied sites, can appear even
within the connected region. The survival and connectivity limits are marked
approximately, according to the definition in the caption of Fig. 1. Credit: 
Ecography (2023). DOI: 10.1111/ecog.06645

1/4



 

As our planet undergoes significant transformations due to climate
change, habitats are being altered, appearing, disappearing, or changing
in quality. Understanding the impact of these changes on the geographic
distributions of species is of great significance. The shrinking ranges of
protected organisms and the expanding ranges of noxious species, such
as pests and pathogens, highlight the urgent need to monitor range
movements precisely.

However, this task poses challenges as the available observation time is
often short compared to the pace of underlying population processes,
making it difficult to distinguish between directional shifts and random
fluctuations.

Addressing this challenge, a research team led by Dr. Beáta Oborny
from Loránd Eötvös University and the Centre for Ecological Research
in Budapest has developed a novel method to monitor range shifts. The
team aimed to precisely and consistently delineate range edges, allowing
for comparisons between different years, geographic locations, and
species.

The paper is published in the journal Ecography.

Delineating range edges accurately is a non-trivial task as they often
exhibit complex patterns. Occupied peninsulas are interspersed with
unoccupied bays, and isolated occurrences dot the landscape. While
traditional methods rely on the outermost occurrences of a species,
Oborny and her colleagues propose a different approach.

They suggest marking the range edge at the boundary between connected
and fragmented occurrences, known as the "hull." By marking the
average position of the hull, the "connectivity limit," over time, the
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researchers offer a statistically more reliable method. This region has a
higher population density and exhibits smaller fluctuations, enhancing
the robustness of the approach.

Oborny and her colleagues delved into the pattern-generating
mechanisms using spatially explicit models. Unlike previous approaches
based on general spatial statistical methods, their novel approach
capitalizes on knowledge about the mechanisms governing the
emergence of these patterns: birth, dispersal, and death within
populations. Through computer simulations along environmental
gradients (e.g., hillsides), the team explored the connectivity limits of
different kinds of species.

Remarkably, they discovered that the hull displayed a robust fractal
structure with a dimension of 7/4. Further investigations conducted by
Beáta Oborny and Dániel Zimmermann confirmed that this fractal
structure remained consistent regardless of whether the range was
rapidly advancing or retreating compared to the generation time.
Notably, the method demonstrated particular robustness in the retreating
(trailing) edge of species ranges.

These findings highlight the applicability of the connectivity limit in
tracking range shifts across diverse geographic scenarios, enabling a
global perspective on these changes. For instance, the method allows for
the comparison of treelines in different mountains, even when composed
of different species, utilizing universal scaling laws.

The universal features uncovered in this study find their explanation in
percolation theory, a field of research in statistical physics. This
exemplifies the power of knowledge transfer between seemingly
disparate scientific disciplines.

The insights gained from these investigations deepen our understanding
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of the intricate relationship between environmental changes and species
distributions. As scientists continue to refine and validate this method, it
holds the potential to contribute to more robust assessments of
biodiversity shifts and inform effective conservation strategies.

  More information: Beáta Oborny et al, Advancing and retreating
fronts in a changing climate: a percolation model of range shifts, 
Ecography (2023). DOI: 10.1111/ecog.06645
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