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INTRODUCTION 

Landscape ecology is well integrated into the discipline of ecology and focuses on the reciprocal 

interactions between pattern and ecological processes. Despite the fact that these interactions 

have long been recognized, the term as we know it now did not appear until the first half of the 

20th century (see *Historical Background*). Above all, landscape ecology is broadly 

interdisciplinary. Although the content gradually changes, landscape ecology remains popular 

and will continue to be in the face of climate change and the global influence of humans. Most of 

us have an intuitive understanding of the term ―landscape.‖ We think of a piece of land we can 

view, usually from a prominent point. Typically it is a changing mixture (a ―mosaic‖) of land 

cover units such as farms, arable fields, grasslands, forests, marshes, water bodies, and 

settlements, which may be highly interconnected or dissected by linear elements such as roads, 

power lines, hedgerows, and rivers. Organisms—animals and plants—use these landscape 

elements as refuges, stepping stones, or corridors. The focus of landscape ecology is on the 

distribution patterns of landscape elements or ecosystems, on the flow of animals, plants, energy, 

nutrients, and water among them, and thus on the functions of these units and ecological changes 

in the landscape over time. Initially research was largely descriptive (e.g., how land cover 

changed over time) and a lot of energy was invested in the search of suitable landscape metrics. 

However, it gradually moved more toward functioning in terms of ecological processes and 

organisms. Almost at the same time, landscape modeling became more prominent; the advent of 

geo-informatics (GIS) gave it a spectacular boost. However, the debate on scale—the spatial or 

temporal dimension of an object or process—remains open. New themes such as landscape 

genetics (see also *Conservation Genetics*) made their way in the late 20th and early 21st 

centuries with the growing availability of molecular genetic tools, combined with existing or new 

statistical tools and powerful computers. Until now climate change has received relatively little 

attention from landscape ecology. Landscape ecology is also becoming increasingly relevant for 

applied ecological sciences, such as ecological restoration, conservation biology, invasive 

species biology, and ecosystem management (see the OBO entry on *Applied Ecology[obo-

9780199830060-0039]*). 

GENERAL OVERVIEWS 

From the early 1980s onward, a number of important textbooks on landscape ecology were 

published. Naveh and Lieberman 1990 was originally published in 1984 and is the first 

monograph written in English on this then new interdisciplinary science, focusing on a unified 

conceptual and methodological framework, and on examples of tools, methods, and applications, 

mainly in the context of Mediterranean landscapes. It was quickly followed by the now classic 
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standard textbook Forman and Godron 1986, not only describing landscape principles but also 

putting a strong emphasis on ecological concepts, landscape structure, landscape dynamics and 

heterogeneity, and management. This was  followed by Forman 1995, stressing the idea that 

most of the world consists of highly fragmented ecosystems and emphasizing corridors. A more 

scholarly handbook, Turner, et al. 2001, mainly focuses on what ecologists need to know about 

landscapes. As a companion to this book, Gergel and Turner 2002 provides a more practical 

guide to concepts and techniques. An update of landscape ecology issues focusing on 

disturbance, fragmentation, and spatial pattern is given in Turner 2005. Farina 2006 puts less 

emphasis on ecology but integrates into a textbook new paradigms, theories, and classic and new 

methods. In recent years, despite tremendous progress in theory and practice, the diversification 

of ideas and approaches seems to have caused some confusion among landscape ecologists. A 

diversity of approaches and perspectives, expressed in Wu and Hobbs 2007, now seems to divide 

landscape ecology in more specialized disciplines. 

Farina, Almo. 2006. Principles and methods in landscape ecology: Towards a science of the 

landscape. 2d ed. Vol. 3. Landscape Series. Berlin: Springer. [ISBN: 9781402033278] 

Authoritative textbook summarizing old and new theories, concepts, and methods in 

landscapes. Important book for both students and scientists and practitioners, covering both 

theoretical foundations and practical implementation of research on biophysical interactions in 

landscapes and the techniques of study. 

Forman, Richard T. T. 1995. Land mosaics: The ecology of landscapes and regions. Cambridge, 

UK: Cambridge Univ. Press. [ISBN: 9780521474627] 

Clearly related to Forman and Godron 1986, but an even better comprehensive review and 

synthesis of landscape ecology from many fields and from many geographic locations on 

issues such as foundations, patches, corridors, mosaic patterns, flows, fragmentation, land 

planning, and the creation of sustainable environments. 

Forman, Richard T. T., and Michel Godron. 1986. Landscape ecology. New York: Wiley. 

[ISBN: 9780471870371] 

One of the best books ever published on landscape ecology. A fine work with a wealth of 

empirical studies, theory, and applications organized in fourteen chapters, for both students and 

professionals; meant to be understandable for students from a wide range of disciplines. 

Essential literature. 

Gergel, Sarah E., and Monica G. Turner, eds. 2002. Learning landscape ecology: A practical 

guide to concepts and techniques. New York: Springer. [ISBN: 9780387952543] 

Ideal companion to Turner, et al. 2001. It is a compendium of twenty contributed chapters from 

a list of recognized researchers, designed as a laboratory manual and accompanied by a CD-

ROM containing necessary program and data files for university students.  

Naveh, Zev, and Arthur S. Lieberman. 1990. Landscape ecology: Theory and application. New 

York: Springer. [ISBN: 9780387971698] 

Originally published in 1984 and the latest student edition in 1994. The book provides a unified 

conceptual and methodological framework for a field which is both local and global in its 

implications, and places human activities into the context of ecosystems. 

Turner, Monica G. 2005. Landscape ecology: What is the state of the science? Annual Review of 

Ecology and Systematics 36:319–344. 

Fine overview showing the rapid growth of landscape ecological research since Turner‘s earlier 

work in 1989, stressing the continued and persistent influence of land-use history and natural 

disturbance on contemporary ecosystems. 
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Turner, Monica G., Robert H. Gardner, and Robert V. O‘Neill. 2001. Landscape ecology in 

theory and practice: Pattern and process. New York: Springer Science. [ISBN: 

9780387951225] 

Explicitly aimed at the student and an excellent teaching and reference book containing a 

synthesis with chapters on roots of landscape ecology, scale concept, landscape models, causes 

and quantification of landscape patterns, dynamics of disturbance, organisms and landscape 

patterns, ecosystem processes in the landscape, and applied aspects and directions. 

Wu, Jianguo, and Richard R. J. Hobbs, eds. 2007. Key topics in landscape ecology. Cambridge, 

UK: Cambridge Univ. Press. [ISBN: 9780521850940] 

Contains in-depth reviews of the concepts and methods for investigating landscape patterns and 

changes, with examples of novel applications. Emphasizes and shows the diversity of 

approaches and perspectives in landscape ecology in fifteen chapters. Interesting literature for 

graduate students, academic professionals, and practitioners. 

JOURNALS 

As the central theme of landscape ecology is the study of variation and interactions in landscapes 

at various spatial and temporal scales, it comes as no surprise that landscape ecological studies 

are published in a variety of journals. The most important journals specifically oriented to 

landscape ecology include **Landscape Ecology** and **Landscape and Urban Planning**. 

However, important ecology journals usually also contain a considerable number of papers on 

landscape ecology topics, including **Ecosystems**, **Global Ecology and Biogeography**, 

**Global Change Biology**, **Journal of Animal Ecology**, **Journal of Biogeography**, 

and **Journal of Ecology**. 

*Ecosystems[http://www.springer.com/life+sciences/ecology/journal/10021]*. [class:periodical] 

From bounded ecosystems to spatially complex landscapes, integrating various disciplines such 

as biogeochemistry, soil science, hydrology, ecological economics and conservation biology. 

*Global Change Biology[http://www.wiley.com/bw/aims.asp?ref=1354-1013&site=1]*. 

[class:periodical] 

Particularly looks at different aspects of environmental change and biological systems in the 

context of global change. 

*Global Ecology and Biogeography[http://www.wiley.com/bw/journal.asp?ref=1466-822X]*. 

[class:periodical] 

Focuses on the study of broad, consistent patterns in ecological characteristics of organisms 

and ecosystems, using a variety of approaches, and so-called macroecology. 

*Journal of Animal Ecology[http://www.journalofanimalecology.org/view/0/index.html]*. 

[class:periodical] 

Published by the British Ecological Society. Looks at broad aspects of animal ecology, 

including landscape ecological aspects. 

*Journal of Biogeography[http://www.wiley.com/bw/journal.asp?ref=0305-0270]*. 

[class:periodical] 

A multidisciplinary journal publishing original papers on spatial, ecological, and historical 

biogeography. 

*Journal of Ecology[http://www.journalofecology.org/view/0/index.html]*. [class:periodical] 

Published by the British Ecological Society, it focuses on all aspects of the ecology of wild 

plants (including algae) in both terrestrial and aquatic habitats. 
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*Landscape and Urban 

Planning[http://www.elsevier.com/wps/find/journaldescription.cws_home/503347/description#

description]*. [class:periodical] 

Concerned with understanding conceptual, scientific, and design approaches to land use, with a 

specific emphasis on the interaction of ecological processes within urban areas. 

*Landscape Ecology[http://www.springer.com/life+sciences/ecology/journal/10980]*. 

[class:periodical] 

The only journal specifically devoted to landscape ecology. Affiliated with the International 

Association of Landscape Ecology. 

HISTORICAL BACKGROUND 

Landscape ecology is a relatively young science that developed from an integration of ecology 

and physical geography. In the first decades of the 20th century, these developed more or less 

separately. The latter focused on geomorphological processes and patterns, and individual 

species and communities were central to ecology. It was in Germany that the geographer and 

botanist Carl Troll 1939 first introduced the word Landschaftsökologie (―landscape ecology‖) for 

the integrated and interdisciplinary way of looking (Anschauungsweise) at the landscape from a 

combined ecological and geographical perspective. He developed many early concepts of 

landscape ecology (e.g., ―ecotope‖ for the smallest landscape unit) and of high mountain ecology 

and geography as part of his early work applying aerial photograph interpretation to studying 

interactions between environment and vegetation. Troll 1939 and Troll 1950 inspired further 

development in Europe using concepts of regional geography, botany, and often looks on 

human-dominated landscapes, with much attention from landscape architects, planning and 

design, and a focus on land evaluation, classification, and mapping, as shown in Zonneveld 1989 

and Zonneveld and Forman 1990. The major literature of landscape ecology until the early 1980s 

was in German and Dutch. The American school only began after a number of North American 

scientists participated in European symposia (Forman 1990) and put more emphasis on concepts 

from general ecology, as exemplified by Wiens, et al. 1993 and Turner 2005. The 1980s were 

marked by the organization of the **International Association for Landscape Ecology (IALE)**, 

offering for the first time a forum for ―landscape ecologists to transcend boundaries and to work 

together building theory and developing knowledge of landscape pattern and process, developing 

integrative tools and making them applicable to real landscape situations and to solve problems.‖ 

Probably the best place to learn about the origins and development of landscape ecology is 

Wiens, et al. 2007, which includes a fine collection of thirty-seven key papers published in the 

field of landscape ecology between 1915 and 1989, as well as some of the early antecedents of 

landscape ecology such as the work of Carl Troll (Troll 1950). 

Forman, Richard T. T. 1990. The beginnings of landscape ecology in America. In Changing 

landscapes: An ecological perspective. Edited by Isaak S. Zonneveld and Richard T. T. 

Forman, 35–41. New York: Springer. [ISBN: 9780387971025] 

Account of the history of landscape ecology in America. 

*International Association for Landscape Ecology (IALE)[http://www.landscape-

ecology.org/index.html]*. [class:webLink] 

As a worldwide organization, the IALE organizes a world congress every four years and 

regional conferences; it has many active chapters around the world and sponsors several 

working groups. 
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Troll, Carl. 1939. Luftbildplan und ökologische Bodenforschung. Zeitschrift der Gesellschaft für 

Erdkunde, Berlin 7/8:241–298. 

Origin of the phrase ―landscape ecology.‖ 

Troll, Carl. 1950. Die geographische Landschaft und ihre Erforschung. Studium Generale 3:163–

181. 

A translation of this foundational work may be found in Wiens, et al. 2007. From a historical 

point of view, clearly essential literature. Contains a discussion of the term ―landscape‖ and its 

history, and how one can classify landscapes. 

Turner, Monica G. 2005. Landscape ecology in North America: Past, present and future. Ecology 

86:1967–1974. 

Includes a brief historical overview and focuses on the characterization of landscape patterns 

and their effects on ecological processes. 

Wiens, John A., Michael R. Moss, Monica G. Turner, and David J. Mladenoff, eds. 2007. 

Foundation papers in landscape ecology. New York: Columbia Univ. Press. [ISBN: 

9780231126809] 

Papers are organized in seven sections, each section prefaced by an original summary. Sections 

include Early Antecedents, Spatial Patterns, Emergence of Multiple Concepts of Landscape 

Ecology, Role of Scale, Landscape Pattern Analysis, Models and Empiricism, and a Synthesis. 

It is a fine entry point for students and a resource for teachers. It contains English translations 

of several foundational papers. 

Wiens, John A., Nils C. Stenseth, Beatrice Van Horne, and Rolf A. Ims. 1993. Ecological 

mechanisms and landscape ecology. Oikos 66:369–380. 

Addresses the effect of patchiness on the density and distribution of biological organisms and 

presents a theoretical framework for understanding it. 

Zonneveld, Isaak S. 1989. The land unit—a fundamental concept in landscape ecology, and its 

applications. Landscape Ecology 3:67–86. 

An important paper illustrating the initial European approach with much emphasis on 

classification and mapping of land units. 

Zonneveld, Isaak S., and Richard T. T. Forman, eds. 1990. Changing landscapes: An ecological 

perspective. New York: Springer. [ISBN: 9780387971025] 

Provides a timely overview of the development of landscape ecology up to 1989, with 

contributions from nineteen authors organized in four parts: evolving approaches; energy, 

nutrient and species fluxes in a mosaic; natural and human processes causing landscape 

change; planning and managing landscapes. 

MAIN TOPICS 

Whatever overview work of landscape ecology one reads, a number of issues recur. The structure 

may be a bit different, but in general the handbooks all give an appropriate introduction and 

overview of landscape ecology. This bibliography organizes landscape ecology around a number 

of major themes recurrently discussed in the literature. Overviews can be found under *General 

Overviews* and have not been cited again in this section. Given the variety of issues covered in 

landscape ecology and the huge amount of publications resulting from this, the choice must be 

selective. This section largely follows a trajectory from the description and characterization of 

the landscape to methods and technical tools, and concludes with more applied issues of 

landscape ecology. 
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Landscape Patterns and Scale 

Landscape ecology examines how the concepts of space and time affect ecological processes, so 

it is no surprise that much attention is devoted to the description of the structure of the landscape 

and its pattern, reviewed in Uuemaa, et al. 2009 and Farina 2006 (cited under *General 

Overviews*). Two major paradigms of landscape structure have been proposed. Forman 1995 

(cited under *General Overviews*) presented a patch-mosaic paradigm where the landscape is 

seen a mosaic of discrete patches or homogeneous land units. Discontinuities in the underlying 

environmental variation are shown as boundaries between patches. This paradigm is consistent 

with well-established tools such as FRAGSTATS (McGarigal, et al. 2002). McGarigal and 

Cushman 2005 proposed the gradient-based paradigm. It starts from the observation that the 

categorical representation of environmental variables often poorly represents the true 

heterogeneity in the field, which often consists of more or less continuous multidimensional 

gradients. McGarigal and Cushman 2005 argues that ―the attention to scale, as shown by e.g. 

Wiens 1989 and Peterson and Parker 1998, focused too much on ‗grain‘ and ‗extent‘ issues, and 

ignored a third dimension of scale, which they called ‗intensity‘ (the resolution in environmental 

variation discriminated by a given variable).‖ Both paradigms deal with the fundamental issue of 

heterogeneity and how to measure and depict it. They also relate to the recurrent discussion of 

the scale that is chosen for observation and the rules adopted for defining and mapping variables, 

as discussed by Wiens 1989. Cushman and Huettmann 2010 gives an overview of the current 

issues. 

Cushman, Samuel A., and Falk Huettmann, eds. 2010. Spatial complexity, informatics and 

wildlife conservation. Tokyo: Springer. [ISBN: 9784431877707] 

A twenty-four-chapter book and synthesis of current developments, focusing directly on the 

interplay among landscape theory, data, and analytical methodology in the fields of animal 

ecology, conservation, and management. 

McGarigal, Kevin S. A., and Samuel A. Cushman. 2005. The gradient concept of landscape 

structure. In Issues and perspectives in landscape ecology. Edited by John Wiens and Michael 

Moss, 112–119. Cambridge, UK: Cambridge Univ. Press. [ISBN: 9780521537544] 

Introduces the gradient-based concept of landscape structure into landscape ecology. 

McGarigal, Kevin S. A., Samuel A. Cushman, Maile C. Neel, and Eduard Ene. 2002. 

*FRAGSTATS: Spatial pattern analysis program for categorical 

maps[http://www.umass.edu/landeco/research/fragstats/fragstats.html]*. [class:dataSetItem-

database] 

FRAGSTATS is a very popular computer software program for computing a variety of 

landscape metrics for categorical maps. Originally released in 1995, it is regularly updated. 

Peterson, David L., and V. Thomas Parker, eds. 1998. Ecological scale: Theory and 

applications. New York: Columbia Univ. Press. [ISBN: 9780231105033] 

The term ―scale‖ remains a difficult topic partly because it has multiple meanings, referring to 

measurements and dimensions in space and time, but also to the level of organization of a 

system. This is a multi-authored book with high relevance for larger-scale processes and 

management. 

Uuemaa, Evelin, Marc Antrop, Jüri Roosaare, Marja Riho, and Ülo Mander. 2009. Landscape 

metrics and indices: An overview of their use in landscape 

research[http://www.livingreviews.org/lrlr-2009-1]. Living Reviews in Landscape Research 

3:1–27. [class:dataSetItem-database] 
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A review paper on the use of landscape metrics and indices for characterizing landscapes 

structures and processes. Organized in seven main categories: selection and use of metrics, 

biodiversity and habitat analysis, water quality, evaluation of the landscape pattern and change, 

urban landscapes and road network, aesthetics, management and monitoring. 

Wiens, John A. 1989. Spatial scaling in ecology. Functional Ecology 3:385–397. 

Thorough review of the issue of spatial scaling in ecology, with examples. 

Fragmentation Dynamics and Legacies 

Landscapes have been and continue to be transformed. Fragmentation, defined as a landscape-

scale process involving both habitat loss and the breaking of a large habitat into smaller pieces, is 

a common topic in landscape ecology and of particular concern in biological conservation, as 

shown by Van Dorp and Opdam 1987 and Fischer and Lindenmayer 2007. Franklin, et al. 2002 

introduced the issue and also discusses the relation with habitat heterogeneity. Many natural 

habitats are ever more fragmented. Ribeiro, et al. 2009 gives the example of the Brazilian 

Atlantic forest, one of the forest types with the highest degrees of species diversity and 

endemism; Groeneveld, et al. 2009 shows that fragmentation in these forests also affects 

ecosystem services. One should make a distinction between the loss of habitat and fragmentation 

per se. Fahrig 2003 indicates that habitat loss consistently has negative effects on biodiversity 

and that habitat fragmentation per se has much weaker effects on biodiversity. Combined with 

the longevity of many living organisms (e.g. perennial plant species), fragmentation may result 

in landscapes having severe extinction debts. Vellend, et al. 2006 shows that forest plant species 

with low rates of population extinction and colonization may maintain extinction debts for 

particularly prolonged periods. Mouquet, et al. 2011 reports on a theoretical analysis of 

extinction dynamics in a source-sink metacommunity undergoing habitat destruction. 

Fragmentation can be understood thoroughly only when we are able to reconstruct the changes 

over time. Recognition of the importance of land-use history and its legacies has been a major 

issue in historical ecology. Foster, et al. 2003 illustrates the need for historical ecological 

research and its explanatory power for our understanding of modern conditions at various spatial 

scales. Plue, et al. 2008 shows that these land-use legacies may extend quite far in time and are 

reflected in both vegetation and seed banks. 

Fahrig, Lenore. 2003. Effects of habitat fragmentation on biodiversity. Annual Reviews in 

Ecology and Systematics 34:487–515. 

A nice synthesis of the effects of habitat fragmentation and habitat loss on various components 

of biological diversity. 

Fischer, Joern, and David B. Lindenmayer. 2007. Landscape modification and habitat 

fragmentation: A synthesis. Global Ecology and Biogeography 16:265–280. 

The authors show that landscape modification and habitat fragmentation are key drivers of 

global biodiversity loss and point to the danger of extinction cascades, particularly for 

landscapes with low cover of native vegetation. 

Foster, David, Frederick Swanson, John Aber, Ingrid Burke, Nicholas Brokaw, David Tilman, 

and Alan Knapp. 2003. The importance of land-use legacies to ecology and conservation. 

BioScience 53:77–88. 

Shows the importance of land-use history and its legacies for a variety of spatial scales for 

explaining of modern conditions. A plea for long-term ecological research. 

Franklin, Alan B., Barry R. Noon, and George T. Luke. 2002. What is habitat fragmentation? 

Studies in Avian Biology 25:20–29. 
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Introduction to the issue of fragmentation. 

Groeneveld, Jürgen, Luciana F. Alves, Luis C. Bernacci, Eduardo L. M. Catharino, Christoph 

Knogge, Jean P. Metzger, Sandro Pütz, and Andreas Huth. 2009. The impact of fragmentation 

and density regulation on forest succession in the Atlantic rain forest. Ecological Modelling 

220:2450–2459. 

Example of a study from a hot spot of biodiversity, illustrating how small forest fragments 

perform less well than large intact patches. 

Mouquet, Nicolas, Birte Matthiessen, Tom Miller, and Andrew Gonzalez. 2011. Extinction debt 

in source-sink metacommunities. PLoS ONE 6.3: e17567. 

Example of the effects of landscape modification on source-sink metacommunities, showing 

the difference in time lag in response between competitive and less competitive species. 

Plue, Jan, Martin Hermy, Kris Verheyen, Patrice Thuiller, Robert Saguez, and Guillaume 

Decocq. 2008. Persistent changes in forest vegetation and seed bank 1,600 years after human 

occupation. Landscape Ecology 23:673–688. 

Example of a recent focus on the effects of land-use legacies on contemporary forest 

ecosystems, showing that effects are not limited to the vegetation but may also be reflected in 

the seed bank. 

Van Dorp, Dick, and Paul F. M. Opdam. 1987. Effects of patch size, isolation and regional 

abundance on forest bird communities. Landscape Ecology 1:59–73. 

Classic study of the impact of fragmentation on forest birds in agricultural landscapes, showing 

the importance of patch size, isolation, and connectivity. 

Vellend, Mark, Kris Verheyen, Hans Jacquemyn, Annette Kolb, Hans Van Calster, George 

Peterken, and Martin Hermy. 2006. Extinction debt of forest plants persists for more than a 

century following habitat fragmentation. Ecology 87:542–548 

Based on the comparison of two data sets on forest plant distributions and land-use history 

from Lincolnshire, UK and Vlaams-Brabant, Belgium, to test for an extinction debt using 

logistic regression models. The result indicated that a number of forest plant species known for 

their low colonization capacity showed an extinction debt. 

Disturbance 

Although not absolutely linked with fragmentation, disturbance often is associated with it. 

Furthermore, disturbance is an integral part of many ecosystems and landscapes, whether it is 

caused by humans and their actions or by other organisms or phenomena such as wind, or 

interactions between these. Turner 2010 offers a synthesis regarding disturbance and landscape 

dynamics in a changing world. The definition of disturbance is scale-dependent, as shown by 

Allen and Starr 1982. A widely used definition by Pickett and White 1985 described disturbance 

as ―any relatively discrete event that disrupts the structure of an ecosystem, community, or 

population, and changes resource availability or the physical environment.‖ Disturbance changes 

ecosystems and also may alter the trajectory of ecosystem development, and thus *succession*. 

Therefore, it is a key driver of spatial and temporal heterogeneity. Disturbance may take place in 

the form of a concrete event (e.g., hurricane, volcanic eruption), but it may also occur as a 

disturbance regime, which refers to a recurring event over a longer time period (e.g., 

management regime of a forest). In the latter case, it includes characteristics such as the 

distribution of disturbances, frequency, return interval, rotation period, disturbance size, and 

intensity. In a landscape ecological context, disturbance always generates mosaics of patches. A 

concise overview of patch dynamics on a micro scale in grasslands is presented by Wu and Levin 
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1994. Anthropogenic disturbance regimes have a variety of effects and are particularly well 

known from Mediterranean ecosystems, as shown in Rundel, et al. 1998. Gonzalez, et al. 2008 

investigated the role of the landscape itself in propagating disturbance, in this case fire at 

regional scales. Using models, Kun, et al. 2009 offers a nice example of the implications of 

recurrent disturbances for the equilibrium density of metapopulations. Usually on smaller areas, 

such as in nature reserves, grazing greatly affects the spatial heterogeneity of vegetation (Adler, 

et al. 2001). For an example of how disturbances affect the dynamics of networks, such as 

riverine habitats, see Benda, et al. 2004. 

Adler, Peter B., David A. Raff, and William K. Laurenroth 2001. The effect of grazing on the 

spatial heterogeneity of vegetation. Oecologia 128:465–479. 

Changes in spatial heterogeneity caused by grazing imply changes in habitat diversity. Grazing 

is often used to maintain biodiversity in nature reserves and national parks. The authors built a 

cell-based simulation model using two competing plant species, different grazing patterns, and 

different sources of vegetation pattern and added a discussion of spatial heterogeneity and a 

literature review. 

Allen, Timothy F. H. and Thomas B. Starr. 1982. Hierarchy: Perspectives for ecological 

complexity. Chicago: Univ. of Chicago Press. [ISBN: 9780226014319] 

Foundational work for the use of hierarchy theory in ecology and complex systems theory at 

large. 

Benda, Lee, N. Leroy Poff, Daniel Miller, Thomas Dunne, Gordon Reeves, George Pess and 

Michael Pollock. 2004. The network dynamics hypothesis: How channel networks structure 

riverine habitats. BioScience 54:413–427. 

Nice example of the interactions between river networks and watershed disturbances, such as 

fires, storms, and floods, to impose a spatial and temporal organization of riverine habitats 

which affects biological diversity and productivity. 

Gonzalez, Jesus R., Gabriel del Barrio, and Beatriz Duguy. 2008. Assessing functional landscape 

connectivity for disturbance propagation on regional scales: A cost-surface model approach 

applied to surface fire spread. Ecological Modelling 211:121–141 

The authors developed an operational definition of regional connectivity using a cost-surface 

modeling approach. Modeling indicated that reducing the length scale of the landscape texture 

has a greater effect on preventing fire connectivity than creating large, homogeneous patches of 

fire-resistant vegetation. 

Kun, Adam, Beata Oborny, and Ulf Dieckmann. 2009. Intermediate disturbance maximizes 

metapopulation density. Landscape Ecology 24:1341–1350 

The viability of metapopulations is a central theme in conservation biology. Using a model 

approach, the authors examined recurrent local disturbance for the density of metapopulations. 

Pickett, Stuart T. A., and Peter White, eds. 1985. The ecology of natural disturbance and patch 

dynamics. New York: Academic Press. [ISBN: 9780125545204] 

Multi-authored book on the role of disturbance in a variety of ecosystems. Divided into three 

main sections: examples of patch dynamics in diverse systems, adaptations of organisms and 

evolution of populations in patch dynamic environments, and implications of patch dynamics 

for the organization of communities and ecosystem functioning. 

Rundel, Philip W., Gloria Montenegro, and Fabian M. Jaksic, eds. 1998. Landscape disturbance 

and biodiversity in Mediterranean-type ecosystems. Ecological Studies 136. Berlin: Springer. 

[ISBN: 9783540644750] 
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Twenty-three chapters on a variety of issues in landscape disturbance, degradation, land use 

conflicts, and consequences for biodiversity in five Mediterranean-climate regions. 

Turner, Monica G. 2010. Disturbance and landscape dynamics in a changing world. Ecology 

91:2833–2849. 

Synthesis paper on disturbance in a landscape ecology context. Disturbance studies offer 

insights about heterogeneity, scale, and thresholds in space and time. It further looks ahead to 

global change in which altered disturbance regimes will result in novel trajectories of change 

and surprises. It concludes with perspectives for future research. 

Wu, Tianguo, and Simon A. Levin. 1994. A spatial patch dynamic modeling approach to pattern 

and process in an annual grassland. Ecological Monographs 64:447–464. 

The grassland exemplifies hierarchical patchiness and pattern-process interactions that are 

common features of natural ecosystems. Gopher mounds formed each year destroy all the plant 

individuals underneath and result in a conspicuous spatial pattern in the landscape. The 

developed simulation model examined the spatiotemporal dynamics of disturbance patches of 

plant species. 

Connectivity and Landscape Mosaics 

Fragmentation and disturbance often have negative effects on biodiversity. They create habitats 

that are smaller and more isolated from one another than the original ones. For species living in 

habitat islands, the risk of becoming locally extinct is considerable. To maintain viable 

populations, an exchange of individuals between patches is essential. The populations of small, 

isolated habitats interconnected through dispersal are called ―metapopulations‖ (Hanski 1999). 

Development of metapopulation theory, in conjunction with the development of source-sink 

dynamics theory (Pulliam 1988), emphasized the importance of connectivity between seemingly 

isolated populations. The latter introduced the difference in quality between patches. The source 

serves as a high-quality patch; the sink has low quality and, on its own, is not able to maintain a 

viable population. As a natural extension of the metapopulation concept, the metacommunity and 

the meta-ecosystem concept have been proposed by Wilson 1992 and Loreau, et al. 2003, 

respectively. Colonization of habitat patches depends on many factors, such as the capacity to 

disperse. For plants Cousens, et al. 2008 provides an overview of dispersal and forces that act 

during development and separation from the parent. A detailed study of dispersal for many 

species remains a difficult issue, and it may result in inaccurate predictions when unrealistic 

dispersal assumptions are included in spatial population models, as shown by Bowler and Benton 

2005. Landscape genetics ―aims at providing information about the interaction between 

landscape features and microevolutionary processes, such as gene flow, genetic drift and 

selection‖ (Manel, et al. 2003). Holderegger and Wagner 2008 assesses the degree to which 

landscapes facilitate the movement of organisms (landscape connectivity) by relating gene-flow 

patterns to landscape structure. 

Bowler, Diana E., and Tim G. Benton 2005. Causes and consequences of animal dispersal 

strategies: Relating individual behaviour to spatial dynamics. Biological Review 80:205–225. 

Key paper for understanding the behavior of spatially structured animal populations and their 

response to environmental change. 

Cousens, Roger, Calvin Dytham, and Richard Law. 2008. Dispersal in plants: A population 

perspective. Oxford: Oxford Univ. Press. [ISBN: 9780199299126] 

Provides a comprehensive overview of plant dispersal within a population framework, 

including processes and consequences. Spans the full range from natural history and the 
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collection of empirical data to data modeling and evolutionary theory. Contains nine chapters 

divided into three parts. Definitely an interesting source for graduate students and a broad 

audience of plant scientists and ecologists. 

Hanski, Ilkka. 1999. Metapopulation ecology. Oxford: Oxford Univ. Press. [ISBN: 

9780198540663] 

A full synthesis covering both the theory and a wide range of empirical studies, including the 

author‘s work on a butterfly species. Accessible to graduate students and a valuable resource 

for researchers in population biology, conservation biology, and landscape ecology. 

Holderegger, Rolf, and Helene H. Wagner. 2008. Landscape genetics. BioScience 58:199–207. 

A fine overview of landscape genetics and introduction to its molecular genetic toolbox. 

Loreau, Michel, Nicolas Mouquet, and Robert D. Holt. 2003. Meta-ecosystems: A theoretical 

framework for a spatial ecosystem ecology. Ecology Letters 6:673–679. 

Paper introducing the concept of meta-ecosystems as a powerful theoretical tool to understand 

properties that arise from spatial coupling of local ecosystems (e.g. diversity-productivity 

patterns) at landscape or regional scales. 

Manel, Stephanie, Michael K. Schwartz, Gordon Luikart, and Pierre Taberlet 2003. Landscape 

genetics: Combining landscape ecology and population genetics. Trends in Ecology and 

Evolution 18:189–197. 

Considered a keystone paper introducing landscape genetics into the ecological literature. 

Contains a glossary for this amalgamation of molecular population genetics and landscape 

ecology. Also included are examples of methods used to identify genetic spatial patterns, their 

boundaries, and tests for correlation of genetic and environmental variables. 

Pulliam, H. Ronald. 1988. Sources, sinks, and population regulation. American Naturalist 

132:652–661. 

Original paper presenting a full source-sink dynamics theory which describes how variation in 

habitat quality affects the development of populations. 

Wilson, D. S. 1992. Complex interactions in metacommunities, with implications for 

biodiversity and higher levels of selection. Ecology 73:1984–2000. 

Paper introducing the concept of metacommunity. A computer simulation study examining the 

effect of complex interactions on the global and local dynamics of metacommunities. 

Applications 

From its very beginning, the applications of landscape ecology have been considered (see 

Forman 1995, cited under *General Overviews*), and this remains an exciting and rapidly 

developing field. A topic receiving much interest is the relationship of the road network with the 

land it intersects. Forman, et al. 2003 offers a broad multidisciplinary entry to probably the most 

important artifact of men in this world. When we look at roads, the question of whether or not 

they function as corridors is not far away. In general, corridors are considered important for 

conservation, despite a lack of consensus on their efficacy (Gilbert-Norton, et al. 2010). Another 

field of application is connected with agriculture and mitigation of its effects on biodiversity and 

on environment. Agri-environmental schemes may have substantial benefits, and Donald and 

Evans 2006 argues that measures enhancing habitat connectivity and matrix restoration are 

important. A more elaborate overview, mainly on the current practices of landscape planning and 

management, is given by Jongman, et al. 2004. Collinge 1996 reviews the implications of habitat 

fragmentation for landscape architecture and planning. In many practical solutions, the design of 

products is an essential prerequisite for functioning, as advocated by Root-Bernstein and Ladle 
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2010. In terms of biodiversity conservation, the adaptation of landscapes for climate change is a 

huge challenge for the 21st century (Vos, et al. 2008). As the latter authors say, we need climate-

proof ecological networks. As an extreme in terms of size and isolation, urban green spaces form 

loose networks which are important for both wildlife and humans and provide us with a 

playground for landscape ecology applications. The integration of the design and management of 

the urban green space, mainly composed of individual, private gardens, into city-wide 

biodiversity strategies and functioning green networks is strongly needed, but clearly hampered 

by what Goddard, et al. 2009 calls the ―tyranny of small decisions.‖ One might indeed question 

the cumulative outcome of individual decisions, since most private householders lack skills and 

experience in biodiversity conservation. Papers like Goddard, et al. 2009 touch upon the social 

dimension in landscape ecological thinking, which becomes more prominent in the scientific 

literature in the context of ecosystem services. The examination of these in a landscape 

ecological context is badly needed. Kremen, et al. 2007 develops a conceptual framework for the 

effects of land-use change and its services by mobile organisms, with a particular accent on 

pollination. 

Collinge, Sharon K. 1996. Ecological consequences of habitat fragmentation: Implications for 

landscape architecture and planning. Landscape and Urban Planning 36:59–77. 

Fine overview that shows how landscape ecological literature may guide landscape architects 

and planners. 

Donald, Paul F., and Andy D. Evans. 2006. Habitat connectivity and matrix restoration: The 

wider implications of agri-environmental schemes. Journal of Applied Ecology 43:209–218. 

Excellent entrance to agri-environmental schemes (AES), the kind of management 

prescriptions used as well as suggestions for matrix restoration, including characteristics of 

species likely to benefit most from matrix restoration. It also includes an analysis of the 

relationship between AES and climate change. 

Gilbert-Norton, Lynne, Ryan Wilson, John R. Stevens, and Karen H. Beards. 2010. A meta-

analytic review of corridor effectiveness. Conservation Biology 24:660–668. 

Despite the lack of consensus, the use of corridors for conservation is increasing rapidly. 

Seventy-eight experiments from thirty-five studies were analyzed. This study stresses that 

corridors work positively on movement of organisms. Existing, and therefore relatively old, 

connections between habitat patches were more effective than manipulated ones created during 

the study. 

Forman, Richard T. T., Daniel Sperling, John A. Bissonette, Anthony P. Clevenger, Carol D. 

Cutshall, Virginia H. Dale, Lenore Fahrig, Robert L. France, Charles R. Goldman, Kevin 

Heanue, Julia Jones, Frederick Swanson, Thomas Turrentine, and Thomas C. Winter. 2003. 

Road ecology: Science and solutions. Washington, DC: Island. [ISBN: 9781559639323] 

Essential reading for transportation designers, ecologists, and applied scientists working on 

road infrastructure. A nice illustration of how principles of landscape ecology are integrated 

with road and automotive engineering, written by a multidisciplinary team. 

Goddard, Mark A., Andrew J. Dougill, and Tim G. Benton. 2009. Scaling up from gardens: 

Biodiversity conservation in urban environments. Trends in Ecology and Evolution 25:90–98. 

Review paper which covers the role of privately owned gardens and adjacent habitats in 

forming an interconnected network and discusses the landscape ecology of urban 

environments, including the social dimension. Inspirational paper for those working in urban 

environments and those studying or examining urban ecology issues. 
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Jongman, Rob H. G., and Gloria Pungetti, eds. 2004. Ecological networks and greenways: 

Concept, design, Implementation. Cambridge Studies in Landscape Ecology. Cambridge, UK: 

Cambridge Univ. Press. [ISBN: 9780521535021] 

One of the first extensive books on ecological networks and greenways. These conservation 

tools are nicely explored in this sixteen-chapter book. Theoretical concepts of landscape 

ecology are combined with current practices of landscape planning and management from a 

variety of places in the world. A fine introduction for anyone interested in learning about and 

discussing ecological networks and greenways. 

Kremen, Claire, Neal M. Williams, Marcelo A. Aizen, Barbara Gemmill-Herren, Gretchen 

LeBuhn, Robert Minckley, Laurence Packer, Simon G. Potts, T‘ai Roulston, Ingolf Steffan-

Dewenter, Diego P. Vazquez, Rachael Winfree, Laurie Adams, Elizabeth E. Crone, Sarah S. 

Greenleaf, Timothy H. Keitt, Alexandra-Maria Klein, James Regetz and Taylor H. Ricketts. 

2007. Pollination and other ecosystem services produced by mobile organisms: A conceptual 

framework for the effects of land-use change. Ecology Letters 10:299–314. 

Management of mobile organisms that deliver ecosystem services depends both on the local 

scale where the services are delivered and on the landscape scale over which the resources are 

scattered. The authors offer an inspirational, conceptual model for the exploration of such 

mobile-agent-based ecosystem services; in this case, pollination is influenced by land-use 

change. 

Root-Bernstein, Meredith, and Richard J. Ladle. 2010. Conservation by design. Conservation 

Biology 24:1205–1211. 

Conservation of wildlife often depends on products such as nest boxes, feeders, barriers, and 

corridors, all of which contain a design element. The authors argue the need to cooperate with 

industrial designers to improve product quality and functionality. Serves as example to think 

about the efficiency of mitigating infrastructure and the functionality of it. 

Vos, Claire, Pam Berry, Paul Opdam, Hans Baveco, Bianca Nijhof, Jesse O‘Hanley, Claire Bell, 

and H. Kuipers. 2008. Adapting landscapes to climate change: Examples of climate-proof 

ecosystem networks and priority adaptation zones. Journal of Applied Ecology 45:1722–1731. 

One of the few papers that tackle the difficult issue of adapting landscapes to climate change 

within landscape ecological thinking. Adaptation strategies are analyzed to make ecological 

networks more climate-proof. Inspirational for both students and researchers. 


