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Abstract 
Context  Landscape ecology is endowed with a 
wealth of accumulated insights into how spatial, eco-
logical and social research can be fruitfully combined 
and synthesised. This has the potential to contribute 
significantly to how cultural landscapes are observed, 
analysed, conceptualised and explained.
Objectives  This article provides an overview of 
theories in landscape ecology relevant to the study 
of cultural landscapes. Based on a review of selected 
contributions formulated since the field’s first incep-
tion, it is outlined how theory was developed within 
the field and how proven methods of theory genera-
tion can inspire further development.
Methods  A systematic review covering histori-
cal and contemporary theoretical contributions to 
landscape ecology was conducted. Theories were 
analysed to uncover by what methods they were for-
mulated. On this basis, an overview of theories in 

landscape ecology relevant to the study of cultural 
landscapes was developed.
Results  A total of 32 theories were included in 
the review and described. Four pathways of theory 
development characteristic for the way knowledge is 
accumulated in landscape ecology were identified. 
These pathways exhibit modes of knowledge transfer 
between observations and actions taking place in con-
crete empirical contexts, knowledge which is transfer-
able across contexts, as well as generally applicable 
concepts. An annotated overview of primary and 
secondary sources is provided. Contemporary litera-
ture building on the theories was identified, linking 
sources of conceptual inspiration to the current state 
of the art.
Conclusions  The review illustrates that a wealth of 
complementary theories exists in the field, creating a 
condition of theoretical multiplicity. Key theories and 
tendencies for theory development are outlined, and it 
is discussed how theoretical advancement in the study 
of cultural landscapes may be improved.

Keywords  Environment · Land Use · 
Sustainability · General theory · Theoretical 
multiplicity · Geography

Introduction

Landscape ecology is an interdisciplinary field of 
research and practice dealing with the relationship 
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between ecological processes and spatial patterns in 
landscapes, exploring “the biological and societal 
causes and consequences of landscape heterogeneity” 
(Miller et al. 2021). It studies the structure, function-
ing and dynamics of different types of landscapes on 
a range of spatial and temporal scales and organisa-
tional levels and forms a nexus for accumulation of 
theory and models explaining and describing land-
scape dynamics (Forman 1995; Wu 2013a).

Since its inception as a field in the mid-20th cen-
tury (Troll 1939a, 1950b), landscape ecology has 
encompassed a powerful component of applied 
research addressing sustainable land use and conser-
vation through “the science and art of studying and 
improving the relationship between spatial pattern 
and ecological processes” (Wu 2019). A great vari-
ety of approaches from research traditions across 
the natural, social and human sciences are relevant 
to pursuing this research agenda, and therefore land-
scape ecology incorporates “multiple viewpoints 
about what constitutes the domain of landscape ecol-
ogy” (Wiens 1992). This is one of the great strengths 
of the field because it means that the field can sustain 
integrative research addressing social and ecologi-
cal facets of cultural landscapes, reflected in the fact 
that “the vast majority of landscape ecology research 
has a direct or indirect focus on human impacts on 
the systems under investigation” (Francis and Antrop 
2021). However, the breadth of perspectives included 
within landscape ecology also constitutes a chal-
lenge to the field, since accumulation and synthesis 
of findings have to take place across a wide range of 
research traditions, theoretical viewpoints and associ-
ated conceptual models.

So far this has been achieved mainly because the 
field comes together around a shared research interest 
emphasising ”spatially explicit or locational” factors 
in research on “the structure and dynamics of spa-
tial mosaics and their ecological causes and conse-
quences” (Wiens 2005). This shared spatial, system-
atic focus has offered researchers a common ground 
for combining their insights in practice by using com-
mon sets of spatial units to organise observations and 
analysis (Kienast et al. 2021). As such, more than any 
other common denominator, the field is character-
ised by a perspective concentrating on accumulation 
of knowledge about the causes and effects of spatial 
organisation of landscape phenomena, thereby merg-
ing spatial, ecological and social logics in the study 

of cultural landscapes. This focus has been retained 
as an identifying characteristic of the field since its 
formation and early development (Troll 1971). This 
review article summarises selected elements of this 
tradition, tracking the pathways of development of 
theoretical insights addressing aspects of the ecology 
of cultural landscapes as these have developed his-
torically, accumulated in the field and evolved until 
today by identifying different trends and future direc-
tions in theory development in landscape ecology.

Theories addressing cultural landscapes and their 
significance

In addition to using spatially explicit units of analy-
sis, many landscape ecologists have tended to share 
an interest in integrative research perspectives, 
focusing attention on the ecology of landscapes that 
include people, societies and their land use practices. 
As Wiens et  al. (2007a) have expressed it, “because 
most landscapes are modified by human actions, 
landscape ecology also integrates humans with natu-
ral ecosystems”. In research dealing with cultural 
landscapes, i.e. landscapes dominated by people, 
landscape ecology has championed an inclusive, inte-
grative research agenda where “a cultural landscape 
consists not only of its natural elements and the infra-
structure of the economy, settlement and transport, 
but also the influence and output of its inhabitants: 
their traditions, language, nationality, social structure, 
artistic development and feeling for art, and religion” 
(Troll 1950a; see also Wu 2010 for a contemporary 
perspective). Taking into account this broad palette 
of phenomena makes understanding of landscape 
processes more complete. This has become increas-
ingly valuable since research tasks, to an increasing 
extent, deal directly with human land use practices, 
which are embedded within sociocultural contexts 
included in landscape analysis frameworks (Farina 
2009a; Wu 2010; Antrop 2018). Therefore the rela-
tionship between social systems, landscape patterns 
and processes forms an essential research topic within 
the field, including within applied research on plan-
ning and other interventions addressing political and 
social aims for sustainable land use and development 
(Kizos et  al. 2018; Hersperger et  al. 2021). Because 
of the long term interdisciplinary history of the field, 
landscape ecology has accumulated a comprehensive 
range of theoretical and conceptual insights on these 
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topics, which are sought after in cognate fields and 
contexts of application (Diaz et  al. 2019; Meyfroidt 
et al. 2022). As such, the accumulation of theory may 
be considered one of several valuable contributions 
of Landscape ecology over the years, through which 
the field has come to support the conceptualisation 
of reasoning which underscores how spatial, eco-
logical and social logics of scientific discovery, evi-
dence gathering and explanation can be combined. 
This observation was the motivation for the review of 
theoretical contributions to the study of cultural land-
scapes presented here.

Aims and methodology of the review

We used an adapted version of the methodological 
framework of systematic theoretical reviews out-
lined by Campbell et  al. (2014) (see also Cooper 
et al. 2019). The review process included the follow-
ing steps: (1) A broad preliminary list of materials 
considered for inclusion in the review was compiled 
based on a reading of papers and books within the 
field. This process was conducted over several years 
from 2017 to 2022 where all potentially relevant con-
tributions were collected in a database, resulting in 
a comprehensive corpus of texts; (2) Review papers, 
overview works and books summarising progress in 
the field were used iteratively as a source for check-
ing if we had achieved sufficient breadth and to make 
sure that no important contributions were overlooked 
(works consulted include Troll 1971; Schreiber 1990; 
Zonneveld 1990; Leser 1991; Naveh 1991; Naveh 
and Lieberman 1994; Brandt 1995; Zonneveld 1995; 
Farina 1998; Bastian and Steinhardt 2002; Burel 
2003; Haber 2004; Wiens 2005; Wiens et al. 2007a; 
Cushman 2009;  Farina 2009b; Wu 2013a, 2017, 
2021; Barrett et al. 2015; Forman 2015; Antrop and 
Eetvelde 2017; Gergel and Turner 2017; Christensen 
et al. 2017; With 2019; Milovanović et al. 2020; Fran-
cis et al. 2021; Hersperger et al. 2021); (3) All texts 
in the compiled corpus were read and considered for 
inclusion based on predefined selection criteria; (4) 
The selected texts were investigated in further detail, 
subsequent reference to the texts were assessed and 
texts were deselected if found not to fit the criteria.

Qualitative, relational selection criteria were used 
to focus the review and ensure only contributions of 
relevance to subsequent research in the field were 
included (Saini and Shlonsky 2012). We selected 

texts that contributed with theoretical concepts and/
or models to the field, where the conceptual contribu-
tions either: (a) were still in use in the literature of 
landscape ecology, indicating continued relevance 
for current research or as background concepts; or 
(b) were referred to as formative reference points in 
subsequent research publications, indicating contin-
ued relevance as seminal examples of reasoning and 
approaches employed within the field. The result of 
this review method was a compilation of key theoreti-
cal concepts used in landscape ecology to study cul-
tural landscapes. Each of the theoretical contributions 
included was investigated with an aim to uncover and 
describe: (1) what empirical material the contribution 
was originally developed from, (2) the method of the-
ory formulation used, i.e. how knowledge was trans-
ferred to a broader context than that within which it 
was first derived, and (3) the range of applicability of 
the theory in time and space, i.e. under what condi-
tions the theory is relevant as an explanatory device.

Research questions addressed in the review

Based on the reviewed literature, the following 
research questions are discussed:

1.	 Which key theoretical concepts addressing cul-
tural landscapes have significantly contributed to 
the development of landscape ecology?

2.	 What are typical steps and characteristics in the 
development of theory addressing cultural land-
scapes within landscape ecology?

3.	 What pathways of development can be identified 
in the formulation of theories within landscape 
ecology?

Further details regarding the choice of thematic 
and temporal focus for the review are outlined below. 
The paper then introduces a perspective on how the-
ory in landscape ecology may be defined and char-
acterised (Sect. “Some roles of theory in knowledge 
accumulation within landscape ecology”). On this 
basis, a comparative framework for describing the 
development of theory in landscape ecology is pre-
sented (Sect.  “Comparing and interpreting theory 
development in landscape ecology”). A review of 
selected theories is then reported, with contributions 
grouped according to how theories were developed 
(Sect.  “Review of theories in landscape ecology”). 
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The discussion reflects on the history and practices 
of the development of theories in landscape ecology 
(Sect. “Discussion”). 

Temporal scope: what time period is covered?

As Wiens et  al. (2007a) have argued, “new disci-
plines or fields of study do not spring into life fully 
formed… instead, they usually begin with glimmer-
ings of new ideas or different perspectives, often 
developed as part of some seemingly unrelated dis-
ciplines”. Therefore it can be difficult to establish 
where a line of thought starts and how long back in 
time it extends. This is especially the case, i.e. in this 
review, when the aim is to outline key theoretical 
concepts within a field, which may have been in use 
long before the field as such was founded. Therefore 
this review starts from the writings of Carl Troll and 
those works that Troll himself referred to as reference 
points for his development of the field. Troll coined 
the term landscape ecology in 1939, elaborated on it 
in his later works and helped establish the field as 
we know it (Troll 1939a, 1950a). His thinking was 
“deeply influenced by Alexander Von Humboldt” and 
the tradition of spatial-ecological thinking Von Hum-
boldt had inspired, which was especially pronounced 
among European-continental geographers (Holtmeier 
2015) and which, through Carl Sauer and others, 
came to inspire North American research communi-
ties (Wiens et al. 2007b). Troll and his contemporar-
ies viewed these figures as their intellectual forebears, 
considered them with “awe and humility”, and used 
their work as direct conceptual inspiration (Troll 
1960; see also Gade 1996). We therefore limit our 
account of the development of theoretical concepts in 
landscape ecology to those direct influences on Carl 
Troll and his contemporaries, which are necessary 
for a full appreciation of how the first landscape eco-
logical concept and theories were developed (Francis 
and Antrop 2021; see also Kienast et  al. 2021). We 
outline in the review how contributions predating the 
field informed later work in landscape ecology. From 
those early beginnings, conceptual developments 
in the field are tracked forward in time until today, 
within the limits imposed by the review focus.

Thematic scope: focus and limitations

The review focuses on conceptual advancements in 
the field relevant to how cultural landscapes are con-
ceptualised, analysed, observed and explained. Due 
to this rather conceptual focus, applied, solution-
oriented and aesthetic contributions fall outside the 
scope of the review, despite their considerable impact 
on the field. These include contributions to biologi-
cal conservation, land management, wildlife man-
agement, planning, design, aesthetics and landscape 
architecture. Landscape ecology is a broad field of 
research, so no single review is likely to be able to 
encompass its full complexity and diversity. The 
present review has been conducted from a particular 
thematic position within the field, influencing what 
contributions have been included. Our view of land-
scape ecology is one among several established per-
spectives, representing what has been referred to as 
“Anglo-European notions of landscape and landscape 
research” (Kienast et  al. 2021). Other perspectives 
could have been emphasised, likely leading to other 
selections of theory in the review. By using a consist-
ent and transparent emphasis, we have strived to com-
plement other reviews of theoretical contributions to 
the field.

Some roles of theory in knowledge accumulation 
within landscape ecology

Theory in landscape ecology serves several purposes, 
the most obvious being to collect concepts, models 
and understandings to work from, both when deal-
ing with well-known phenomena and when confront-
ing new empirical contexts. Having an overview of 
theoretical vocabularies and alternative models of 
classification allows researchers to make informed 
choices, identify knowledge gaps and locate hori-
zons of knowledge. However, these practical proce-
dures involving theory build on a more basic func-
tion that theory performs, namely its performance 
as the primary vehicle for breaking down barriers 
between individual phenomena through the produc-
tion of transferable knowledge based on multiple 
landscapes and landscape types (Francis and Antrop 
2021). This is an essential function of theory, given 
that a field consisting only of observations that cannot 
be compared with standards is anecdotal and does not 
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constitute a science (Newig and Rose 2020). Given 
that each landscape is essentially unique, a field with-
out effective mechanisms to produce theory would 
have multiple “proto-theories”, each belonging to a 
particular set of observations, which it would not be 
possible to synthesise and report as aggregate, trans-
ferable, decontextualised knowledge, concepts and 
models. This points to a key characteristic of theory: 
it should posit knowledge that is (potentially) useful 
outside its original context (Mills 2000)—i.e. trans-
ferable from one landscape to another, between land-
scapes under comparison, and/or from a sample to a 
larger field. As such, theory can be defined as knowl-
edge that is at least partly decontextualised from 
the context where it was generated, meaning that 
it is described in a transferable to other landscapes, 
making the degree of transferability (or conversely 
expressed: the degree of contextual specificity) an 
important feature of theory. This means that informa-
tion about under what conditions a theory is or may 
be applicable plays an important role in assessing its 
potential usefulness and range of appropriate appli-
cation, which in landscape ecology may be taken to 
refer to the range of landscapes and situations in land-
scapes to which the theory may be expected to apply.

What is theory?

Theory can be defined as the raw material produced 
through processes of knowledge accumulation. It 
exists as a library of concepts, terms, understand-
ings, modes of reasoning and accepted facts con-
stituting a research field. It enables researchers to 
stand on the shoulders of previous investigators. As 
such, theory exists both as formal, explicit formula-
tions expressed in language and mathematics and as 
implicit background concepts that researchers use as 
part of day-to-day reflection and conversation about 
their research topics (Kuhn 1962).

Theory can be distinguished from presuppositions 
in that theoretical knowledge affords assessment of 
correctness and relevance through testing. In contrast, 
presuppositions can be defined as knowledge that is 
taken for granted—i.e. which “convey backgrounded, 
uncontroversial information with respect to the con-
text of utterance” which is “already known to be 
true and accepted by the conversational participants” 
(Sudo 2014). As such, using a broad definition, the-
ory can be defined as the subset of knowledge within 

a research field that either (1) was made subject to 
rigorous, explicit reflection and testing at the time of 
its first use or proposition, (2) is currently undergo-
ing such assessments in the field, or (3) is known to 
have sufficient argumentative depth and/or evidence 
behind it to make such reflection possible. Within 
this definition, theory can be understood to displace 
common sense when confronted with it, reconstruct-
ing understandings of phenomena in light of evi-
dence and argument. This is irrespective of whether 
or not the theory in question is currently taken for 
granted (through presupposition) or made subject 
to explicit debate (through proposition). In this way, 
theory forms part of background thinking that influ-
ences decisions, for example, on strategies for further 
research and has the power to overturn less argued 
understandings. As such, theory can be considered 
performative as well as descriptive (Lyotard 1997). 
In this view, theory is characterised by its ability to 
influence and co-construct further thinking and prac-
tice—for example, through an additional accumula-
tion of knowledge—but also through replication of 
mistakes and unreflected repetition of biases (Chouli-
araki 2002; Newig and Rose 2020). Therefore, for-
mulation and continuous critical debate of theory 
can be understood as a process through which aware-
ness, diligence, consistency and truthfulness can be 
furthered.

Quality criteria for theories

Theories may be expected to live up to certain logi-
cal quality criteria to be of practical use. They may be 
expected to be internally consistent, i.e. not encom-
passing statements that are logically at odds with 
other parts of the theory. This entails attention to 
the relationship between statements and underlying 
assumptions and to the appropriateness of employed 
categories and distinctions. Similarly, theories may be 
expected to be externally consistent with or comple-
mentary to other theories in the field dealing with the 
same phenomena. As such, differences in how two or 
more theories describe the same phenomena should 
be resolved, or it should be possible to demonstrate 
complementarity—i.e. that the theories address dif-
ferent dimensions or facets of the same phenomena, 
e.g. cultural landscapes, expressing several differ-
ent truths about the same empirical phenomenon. 
This type of productive coexistence of multiple valid 
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perspectives on the same subject matter has been 
referred to as “theoretical multiplicity” (Hansen and 
Simonsen 2005) and “plurality” (Cadena and Blaser 
2018) and may hold transdisciplinary, socio-political 
potentials that can be relevant for research where dif-
ferent interests, cultures, social groups or polities are 
part of the same fact-world being described and con-
ceptualised theoretically (Cadena and Blaser 2018; 
Raffn et  al. 2021). For example, in contemporary 
cultural landscapes where numerous land uses coin-
cide spatially and temporally (Brandt and Vejre 2004; 
Hölting et al. 2020a), it may be necessary to represent 
plurality conceptually (Primdahl 2018). In this view, 
when observations involve humans and the effects 
of their actions, it may be argued that “a number of 
theoretical approaches are required in order to capture 
all of the facets of an object of investigation” (Mar-
tin 2021). This entails a view of theory as something 
less than monolithic and uniform, yet consistent, 
transferable and suitable for empirical testing within 
well-defined landscape contexts. We find that this set 
of quality criteria for theory fits the history and sub-
ject matter of conceptual development covered in the 
review well, wherefore we have used it as a basis for 
investigating the theories included.

Comparing and interpreting theory development 
in landscape ecology

A large part of what we can learn from theory is 
about how it was formulated. Theory exposes brilliant 
modes of reasoning that are often remembered for 
their internal logic and method, alongside particular 
contributions to our understanding of the empirical 
world. This applies particularly to theories that have 
become classical or normalised within a research 
field. Foundational and classical theories within a 
given field of research “are of interest to subsequent 
generations not so much for their substantive claims 
as for their status as (…) paradigms or exemplars 
which show us how we might wish ourselves to theo-
rise” (Outhwaite 2000). The work of Carl Troll is an 
example of this (Troll Troll 1939b, 1950b). Few con-
temporary researchers are likely to be interested in his 
specific findings about the relationships between land 
use, land cover and soil patterns. His contribution 
today is nonetheless monumental, for he is remem-
bered for formulating a spatial logic regarding how 

to investigate spatial correlations of factors in land-
scapes, which was illustrated in his empirical work 
(Christensen et al. 2017). This dual mode of learning 
from theory, either as an example or as a substantive 
knowledge contribution, means that it is necessary to 
provide an outline of how each theory was developed 
in order to capture the contribution of theories in 
landscape ecology. We need to know what evidence 
was used, by what process of reasoning the facts 
were explained, and how the resulting knowledge 
was made available and relevant for a wider array of 
empirical contexts.

To investigate this in a systematic manner, theo-
ries included in the review were analysed, grouped 
and presented below according to the way they were 
developed. For each theory, it was investigated how 
transferable knowledge was obtained through the 
construction of links between three components of 
knowledge: (1) observations and actions taking place 
in concrete empirical contexts, (2) knowledge trans-
fer and comparison across empirical contexts, and (3) 
formulation of generally applicable theoretical con-
structs. The analysis of the theories shows that four 
different pathways exist with respect to how theory 
is derived through transfers of knowledge bridging 
these three components. This constitutes four meth-
ods of knowledge transfer along gradients of spatial 
and temporal magnitude, from specific to general 
knowledge of landscape(s). The theoretical contribu-
tions included in the review below (Sect. “Review of 
theories in landscape ecology”) are presented accord-
ing to these groups.

Review of theories in landscape ecology

Based on the analysis of the selected literature, four 
modes of theory development in landscape ecol-
ogy and its immediate antecedents can be distin-
guished. Each of these four pathways has its own way 
of sequencing components in the process of theory 
development. Consequently, the theories differ in how 
they are derived from specific observations or are 
influenced by other theories. The four sections below 
include the inventory of the 32 identified theories in 
this review, which are listed and described in detail 
according to their mode of development.

Names of the theories and concepts included 
in the review were defined by balancing a concern 
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for maintaining the original title if one existed and 
achieving clarity for contemporary and interdiscipli-
nary readers. In cases where the original theory did 
not have an explicit title, a descriptive moniker was 
adopted for clarity. Complete references to the origi-
nal texts are included alongside references to later 
publications of the same author(s), as well as litera-
ture adding to and debating the theory and contempo-
rary work on the theory linking it to current research 
agendas in the field.

Group A: theory derived from empirical observation 
through comparative analysis

The first group of theories comprise contributions 
that started from a series of local context-specific 
observations, for example one particular case or a 
series of local observations of the same type of phe-
nomena that were compared. Transferable knowledge 
was developed from this outset, which was then fur-
ther advanced into a generally applicable theory. In 
total, 13 theories were developed in this way, listed 
in Table 1.

The oldest theory in this group is the theory of 
geoecological correlation (A.1) proposed in the 
work of Alexander von Humboldt. As an intrepid 
naturalist and explorer, he executed fieldwork in the 
Andes, Alps, Ural and Altai mountains, where he 
was inspired to consider the earth as one great living 
organism, emphasising how land forms, life forms 
and ecosystems were connected. He made spatially 
explicit inventories of vegetation, elevation and cli-
matic conditions. On this basis and by comparing cor-
relations between variables at different locations, he 
formulated a general model of the pattern and condi-
tions of montane vegetation, visualised in cross-sec-
tion diagrams (von Humboldt and Bonpland 1805). 
These later became the “most influential diagrams in 
the history of environmental science” (Moret et  al. 
2019) in that they express a holistic understanding 
of nature, emphasising the mutual interplay between 
life forms and their living conditions. Subsequently, a 
theoretical vocabulary describing the earth surface as 
the most basic reference point for correlating obser-
vations was formulated. The importance of von Hum-
boldt for the later development of landscape ecology 
and geography is widely recognised (Troll 1960; see 
also Marsh and Lowenthal 2003; Martin and Martin 
2005; Egerton 2009).

Another example is the theory of cultural land-
scapes (A.5) proposed by Carl Sauer. Based on field-
work in North and Latin America, he recognised that 
cultural and physical factors were complementary 
to determining the pattern and morphology of land-
scapes (Bowen 1996). This led to his definition of 
landscape as a primary unit of geographical analysis 
arising from the combination of factors present at a 
given location (Sauer 1925). This inspired Sauer to 
formulate a general theory of how human societies 
create spatial patterns where “the cultural landscape 
is fashioned from a natural landscape by a culture 
group. Culture is the agent, the natural area is the 
medium, the cultural landscape is the result” (Sauer 
1925).

Another cluster of theories in this group deals with 
spatial relationships and complexity in cultural land-
scapes in various ways, emphasising how landscapes 
form comprehensive systems suited for interdisci-
plinary investigation. These include the first novel 
approaches to describing landscape phenomena as 
relational systems. One of the seminal inspirations 
for this was the theory of landscape ecological inter-
disciplinarity (A.9) formulated in the work of Carl 
Troll. Based on a combination of photogrammetry 
and field observations in Europe, South America, 
Africa and the Himalayas, Troll developed a three-
dimensional understanding of landscapes and a range 
of new methods to provide a synoptic, multi-layered 
view of landscape patterns and functional relation-
ships between patches in landscapes (Troll 1939a). 
On this basis, an interdisciplinary understanding of 
landscapes was formulated, emphasising how land-
scape ecology demands the presence of multiple 
interacting disciplinary components. Building on this 
line of research, I.S. Zonneveld contributed with a 
theory of hierarchical landscape systems (A.10). This 
approach was rooted in a systematic long term longi-
tudinal field study of an estuarine environment in The 
Netherlands, aiming to understand the temporal rela-
tionship between land use, vegetation and physical 
landscape characteristics (Zonneveld 1959). Conse-
quently, a conceptual model explaining the dynamic 
interrelationship in and between physiographic land 
units was developed, which was applied in land evalu-
ation projects around the world and came to inform a 
widely used pragmatic holistic approach to landscape 
analysis (Zonneveld 1995, 2005).
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In the mid-20th century, two other key theories 
were formulated that fundamentally influenced spa-
tial and functional analysis in landscape ecology. 
Robert H. MacArthur and Edward O. Wilson (1963, 
1967) observed species richness in arthropod popu-
lations on islands in Florida, which enabled them to 
describe how geographical variables affect the isola-
tion and exchange of species between areas. This led 
to the formulation of the theory of island biogeog-
raphy (A.11), adding a spatial component to models 
of evolution that had been largely absent since Dar-
win (1859) (A.3). The new theory explained rates of 
migration and extinction of species as a function of 
area sizes and their isolation, independent of the type 
of area. This formed the foundation for many new 
applications and developments in landscape ecology 
that study the relationship between isolation or frag-
mentation of habitats in relation to population dynam-
ics (Opdam et al. 1984; Saunders et al. 1991) as well 
as anthropogenic impacts on evolutionary processes 
(Helmus and Behm 2020). In the metapopulation 
theory (A.12) as formulated by Levins (1969), meta-
populations were later defined as “spatially structured 
populations (…) separated by space or barriers, and 
connected by dispersal movements” (Opdam 1991). 
This line of research inspired a wide range of novel 
ecological research emphasising the spatial dimen-
sion of evolution processes, dispersal and population 
dynamics (Chesson 2013; Hanski and Ovaskainen 
2019). It illustrates how a set of generally applicable 
theoretical insights can be developed from regional 
and local scale studies through incremental revision 
and testing on datasets of increasing magnitude and 
variety (Moilanen and Hanski 1998; Hanski 1999; 
Hanski and Ovaskainen 2000, 2003).  

Group B: theory derived from empirical observation 
designed on the basis of existing general concepts

The theories in this group were developed from col-
lections of local-scale historical and longitudinal 
studies conducted and analysed in the explicit context 
of established theoretical vocabularies (see Table 2). 
As such, the theories are characterised by a method 
whereby researchers used general concepts to open up 
analysis of landscape development processes while 
continuously redefining the concepts used. There has 
been a long historical and spatially explicit tradition 
for this type of landscape research, predominantly 

with a focus on describing histories, cultures and 
types of socio-ecological interaction. Early work in 
this tradition aided in founding a theoretical under-
standing of the geometry of social-ecological pro-
cesses. Numerous historical case studies of land use 
development in Western European village landscapes 
were explored from the 1950s onwards (see refer-
ences in Table  3). This led to the formulation of a 
group of models describing essential geometrical 
relationships in cultural landscapes (inspired by the-
ory A.5), their settlements, and their development in 
relation to land qualities and territorial models. The 
three groups of theories included in the review focus 
on various scale levels in cultural landscapes, empha-
sising settlements as the primary and holistic building 
blocks of landscapes (B.1), resulting in different land 
use patterns associated with a diverse range of land 
qualities around the initial settlements (B.2), summa-
rised and analysed in the form of different territorial 
models (B.3) (Antrop and Van Eetvelde 2017).

Later on, more comprehensive and general models 
of landscape mosaics were developed, leading to (1) a 
reinvention and redefinition of landscape ecology in 
the 1980s that coincided with a quantitative revolu-
tion in the field (Forman and Godron 1986; Turner 
1991) and to (2) new approaches and models in land-
use planning and landscape architecture (Dramstad 
et al. 1996). Consequently, landscape ecology became 
a science combining spatial datasets from a broader 
field of disciplines and—equally important—gen-
eral theories about landscape structure and develop-
ments were formulated out of this. A clear example 
is the development of the theory of landscape mosa-
ics (B.4), which is based on observations regarding 
the ecological significance of spatial patterns derived 
from case studies of woodland landscapes such as 
the Pine Barrens of New Jersey studied by Richard 
Forman and colleagues. Forman referred explicitly 
to the theory of island biogeography (MacArthur 
and Wilson 1967), applied this to “patchy terrestrial 
landscapes”, which have additional factors compared 
to the island patterns, and introduced the concept of 
an ecological mosaic or ecomosaic. The mosaic is 
defined as “an area containing patches of two or more 
ecosystems or communities, with a structure based on 
the spatial distributions of, and the dynamics based 
on the changes in, the patchily-distributed ecosys-
tems and ecosystem components”. This concept later 
developed into the conceptual “patch-corridor-matrix 
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model” that has been widely used to model the spa-
tial characteristics of landscapes and formed the 
inspiration for the development of different landscape 
ecological metrics (McGarigal and McComb 1995; 
Cushman et al. 2008). Based on the same case stud-
ies and the concept of ecomosaics, the now univer-
sally applied theory known as “pattern and process” 
(B.5) was formulated to capture how spatial pattern 
and ecological processes co-constitute each other 
and hence cannot be modelled individually (Forman 
1979) nor without including their historical pathways 
and temporal dimension (Tappeiner et al. 2021).

Since around the year 2000, the field broadened to 
encompass a great variety of relationships between 
societies, land use practices and land resources within 
landscapes. An example is the theory of multifunc-
tional landscapes (B.7) developed from studies of 
European agricultural land use systems. The first 
notion of functionality, which inspired later work on 
landscape multifunctionality, was derived from ecol-
ogy (Odum 1953) in combination with various agri-
cultural policies at the global and European levels 
(European Communities Commission 1988; United 
Nations 1992). This enabled the inclusion of eco-
logical, social and economic functions in analyses of 
agricultural landscapes, which was later applied to 
different landscape types using standardised assess-
ment approaches (Wiggering et al. 2003; Brandt and 
Vejre 2004). The concept of multifunctionality is 
now considered one of the pathways towards sustain-
able land use (Pérez-Soba et al. 2008; Hölting et  al. 
2020b).

Group C: theory derived from comparative analysis 
organising further empirical observation

Another way of generating theory within landscape 
ecology has been to synthesise and compare evi-
dence across research contexts (samples, landscapes, 
regions, etc.) based on or inspired by theoretical con-
structs loaned from cognate fields. Based on such 
synthesis work, the field of landscape ecology has 
contributed to formulating general theories which 
have later been employed in widespread case study 
research and used in practical applications. Examples 
are described in Table 3. An example is how research 
within the field incorporated and further advanced 
ideas adopted from holism and systems theory, lead-
ing to an increasing focus on relational and systemic Ta

bl
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aspects of landscape ecology during the mid-20th 
century. A theory of holism (C.2) already existed 
within the field of ecology, with holism having been 
defined by Smuts as “The tendency in nature to form 
wholes that are greater than the sum of the parts 
through creative evolution” (Smuts 1926). Based on 
this inspiration, studies of ‘wholes’ were applied in 
landscape ecology in two complementary ways: (1) 
as a way to perceive the world as consisting of con-
nected, interdependent and interacting objects instead 
of collections of individual elements, and (2) as a way 
to interpret landscape patterns as wholes with sys-
temic functionality and characteristics. This formed 
the basis for the analytical strategies promoted by 
Troll (1939a), the approach to landscape as an open 
system developed by Zonneveld (1985) and the con-
ceptual model of total human ecosystems proposed 
byNaveh and Lieberman (1994); Naveh (2000a).

From the 1940s onwards, various approaches were 
developed and united in systems theory, sharing an 
interest in the scientific description of “gestalts” 
(Voigt 2011) and rooted in mathematics, physics, 
early computer sciences as well as biology, econ-
omy and neurophysiology. Von Bertalanffy (1950) 
formulated the general theory of the organism as a 
hierarchically organised open system, which was 
later defined as general systems theory (C.3). This 
was quickly adopted in landscape ecology and used 
in coalition with the ecosystem concept introduced 
by Lindeman (1942) to support the formulation of 
transdisciplinary research strategies investigating the 
complexity of landscape systems (Naveh 2000a). In 
the mid-20th century, the general theory of complex 
adaptive systems was formulated (Buckley 1968; 
Holland 1992), building on observations of emergent 
behaviour in systems stemming from adaptive inter-
active behaviour of system components. Hartvigsen 
et al. (1998) were the first of many to apply the theory 
of complex adaptive systems in ecology, which ena-
bled landscape ecologists to analyse how processes 
at lower levels of organisation produce patterns and 
emergent behaviour at higher levels of organisations 
(Levin 1998; Steffen et  al. 2020). The incorporation 
of variability and adaptation in research on land-
scapes as complex adaptive systems (C.4) allowed 
researchers a “greater understanding of how patterns 
and processes emerge and interact across levels of 
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biological organisation, and across spatial and tempo-
ral scales.“ (Hartvigsen et  al. 1998; see also Preiser 
et al. 2018).

Another example is the concept of sustainable 
yields and the first notion of sustainability of plant 
communities, ecosystems, and productive systems 
(e.g. wood production (von Carlowitz 1713). In the 
post-war period, concepts of sustainability and sus-
tainable development were reconfigured, defined 
in the so-called Brundtland report, and widely used 
today (United Nations and World Commission on 
Environment and Development 1987). Subsequent 
work in landscape ecology contributed with spatially 
explicit models of sustainability (C.1), often empha-
sising interdisciplinary, inclusive perspectives on 
sustainability linking social and ecological factors 
(Potschin and Haines-Young 2006; Selman 2012). 
As such, theories of human-induced environmental 
changes and linkages between social-ecological trans-
formations and development were central to the ear-
liest landscape ecologists. On this basis, increasingly 
advanced theories of socio-ecological interaction 
were developed and applied within the field, particu-
larly in the later part of the 20th century (since the 
1970s) when the ecological crisis and environmental 
management became key issues in the field, motivat-
ing a closer inspection on how people engage with 
the landscape and how landscapes structure human 
life, lifestyles and economies (Opdam et al. 2018; Wu 
2021). 

Group D: theory derived from application of existing 
general concepts in new empirical contexts

The fourth mode of theory generation (Table  4) is 
characterised by research processes taking their point 
of departure in established generally applicable theo-
ries, primarily formulated in other research fields, 
which are applied in a spatially explicit context, after 
which a theoretical contribution is formulated within 
landscape ecology. Concepts, models and methods 
derived from mathematics, computer science, phys-
ics and associated fields form an essential source of 
inspiration for this type of theoretical development. 
Concepts such as heterogeneity, functionality, com-
plexity and organisation are examples that are also 
applied when studying cultural landscapes. Based 
on this type of inspiration, landscape ecologists have 
developed a wide range of spatial analysis approaches Ta
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that have later been used across the sciences. Exam-
ples include analysis approaches based on informa-
tion theory (D.3), percolation theory (D.4), hierar-
chy theory (D.5), fuzzy set theory (D.6) and fractal 
dimensions (D.7).

One of the foundations for this line of research 
was the mathematical theory of communication as 
formulated by Shannon (1948), where the concept 
of entropy is used to quantify the information of a 
set of possible messages (Brillouin 1962; Gallager 
2001). From the 1950s onwards, information entropy 
as used in the information theory (D.3) was widely 
applied in landscape ecology to quantify population 
and species diversity (Margalef 1958; Phipps 1981b), 
to model spatial heterogeneity (Phipps 1981a; Baudry 
and Burel 1985), and to quantify the information con-
tent of maps in relation to landscape classifications 
(Kilchenmann 1971, 1973; Kwakernaak 1984). With 
the further development of computer sciences, spa-
tial statistics and GIS, the Shannon diversity index 
became a widely used landscape metric indicating the 
diversity and heterogeneity of spatial and ecological 
phenomena (Margalef 1958; Vranken et  al. 2015). 
Percolation theory (D.4) represents another exam-
ple of this. Research based on the conceptualisation 
of the theory by Flory (1941) as further developed 
by Stockmayer (1944), Broadbent and Hammers-
ley (1957) formulated a general theory of percola-
tion describing the physical properties of gels and 
polymers and diffusion processes in crystals based 
on connectivity in the generated structures. The first 
known application in a landscape ecological context 
was to model the propagation of forest fires (MacKay 
and Jan 1984). The percolation theory also inspired 
Gardner et  al. (1987) to construct neutral landscape 
models in order to analyse the generated patterns and 
their percolating network, which has been applied in 
numerous cases in landscape ecology since (Gardner 
and O’Neill 1991; O’Neill et  al. 1992; Gardner and 
Walters 2002; Riitters et  al. 2007). These insights 
were applied in different research contexts by using 
the patch-corridor-matrix model (B.4), where perco-
lation theory relates the connectedness of the matrix 
to the area occupied by patches (Forman 1979). In a 
similar way, the hierarchy theory (D.5) was developed 
as a general theory based on insights from manage-
ment science, economics, physiology, biology and 
mathematics (Wu 2013b). Herbert A. Simon formu-
lated the theory to explain complexity as a form of 

hierarchy, defining a hierarchic system as “a system 
that is composed of interrelated subsystems, each of 
the latter being, in turn, hierarchical in structure until 
we reach some lowest level of elementary subsystem” 
(Simon 1962). This principle led to different appli-
cations in a spatial and ecological context, including 
the ordering of nested hierarchical levels, which has 
proven to be a robust framework for understanding 
scale and hierarchy in space and time. Thus the gen-
eral hierarchy theory became useful for the under-
standing of ecological and human-environmental 
systems characterised as “both a self-contained whole 
to its subordinated subsystems and a dependent part 
of its supersystem” (Naveh 2000a) and for which the 
principles of hierarchy and scale are essential factors 
(Millington 2021).

In a similar way, key concepts from social theory 
and theory stemming from within the humanities 
were applied within landscape research to study the 
relationship between human agency and societies on 
the one hand and landscape on the other hand (Field 
et  al. 2003; Farina 2009b; Wu 2010). Based on this 
inspiration, landscape research supported the devel-
opment of theories emphasising the place of people 
in environments, often emphasising a research agenda 
focused on achieving standardised methods for 
the assessment of cultural environments, places, her-
itage and landscape character (Hobbs 1997; Hölting 
et al. 2020b). This later became a primary source of 
inspiration for research taking place in adjacent fields 
such as the environmental humanities, environmental 
history, environmental anthropology, environmental 
sociology and environmental psychology. Examples 
of theories in this group are the Gestalt theory (D.1), 
the theory of landscape character (D.2) and the sense 
of place theory (D.8). A good illustration of this mode 
of theory development is the theory of landscape 
character, which has its point of departure in a gen-
eral concept of “character” dating back to antiquity, 
denoting the particular, identifying qualities of an 
object or person (Garber 2020). Since the early 19th 
century, this concept was used to describe landscapes, 
for example in the descriptions of Macculloch (1824) 
of the character of the Highlands and Western Isles 
of Scotland “containing descriptions of their scenery 
and antiquities, with an account of the political his-
tory and ancient manners, and of the origin, language, 
agriculture, economy, music, present condition of the 
people etc.” The concept of landscape character has 
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since become increasingly popular in research con-
cerned with land use assessment and conservation, 
mainly since the 1980s when standardised methods 
for landscape characterisation were applied first in 
England and Scotland and later in other countries 
and regions. As such, approaches based on theoreti-
cal notions of landscape character have now matured 
and developed to form a coherent framework for sus-
tainable, integrated planning and policy that is widely 
used in the Western world (Fairclough et  al. 2018a; 
Simensen et al. 2018).

Discussion

Common characteristics of landscape ecological 
theories

Comparing landscape ecological theories makes it 
clear that they have a number of characteristics in 
common. All the theories lift spatial aspects of the 
phenomena studied to analytical primacy. A clear 
focus on spatial differentiation and spatial units of 
analysis predominates, based on which relationships 
with other facets of research objects and other phe-
nomena groups are then investigated. Another com-
mon denominator is that a large number of theories 
were formulated in the context of solution-oriented 
research focusing on nature, biodiversity and ecosys-
tem health, wildlife- and land management (theories 
1 A-3-5-8-9-10-11-12-13, B4-5-7 & C1-3-4). Interest 
in sustainability and nature conservation alongside 
scientific curiosity in understanding it is a widespread 
feature among landscape ecological thinkers. This 
combination forms a basis for widely held motiva-
tions to investigate relationships between nature and 
humans. Looking at the type of empirical mate-
rial collected in these theories, it is clear that many 
contributors to theory in landscape ecology formed 
their seminal experiences by engaging in ecosys-
tem monitoring, rural land management, woodcraft, 
range management, expedition work, conservation 
and cognate forms of direct engagement with nature. 
It is also characteristic, especially for theories in 
groups A and B, that there is an explicit interest in 
working with research topics at a spatial and tempo-
ral scale that matches the perception and agency of 
humans. For these contributors, fieldwork is highly 
valued and understood to provide a unique form of 

access to the complexity of ecologies in landscapes, 
combining vertical and horizontal perspectives on 
areas under study (all theories of groups A and B). 
In contrast, other theories are characterised by being 
based mainly on a combination of mathematical the-
ory, quantitative modelling and computer simulation 
in alliance with remote sensing and GIS technologies, 
typically at scales larger than the human scale (theo-
ries B4, D3-4-5-6-7 and A2-13). Lastly, it is charac-
teristic of the field that there is a pronounced empha-
sis on connections, interrelationships and wholes. 
Landscape ecological thinking is ripe with success-
ful attempts to overstep conceptual, disciplinary 
and sectorial boundaries among others, connecting 
seemingly disparate or unrelated phenomena groups 
or variables (all theories in groups A and B, C2-3-4, 
D1-2-5). It is clear from the review that considerable 
emphasis is put on investigating “wholes” rather than 
subsections of phenomena and that analysis strategies 
are designed to avoid set categories and linear, unidi-
rectional modes of reasoning.

Sequences, breaks and continuities of theory 
development in landscape ecology

The review illustrates that the field has a broad 
array of well-defined theories, constituting a con-
tinuous accumulation of knowledge about landscape 
phenomena since the early 19th century. Different 
phases can be identified. In the late 18th to the mid-
19th century, when the scientific field of landscape 
research emerged, seminal concepts of spatially situ-
ated ecologies formulated by von Humboldt (1805; 
1808), Darwin (1839, 1859) and others formed a 
source of stimulus for the later development of land-
scape ecology. These concepts inspired the first of a 
series of approaches to landscape ecological theory 
formulation emerging in the 1920 and 1930s when an 
advanced spatial ecological mode of reasoning was 
defined, supported in part by the new bird’s eye per-
spective of aerial imagery used to study landscapes 
revealing the holistic character of the landscape as 
described Troll 1939a); Sauer (1925); Granö (1929) 
among others. These approaches emphasise spatial 
and ecological logics in all types of landscapes and 
are still in place today (Freeman et al. 2015; Simensen 
et al. 2018; Cassar 2019; Lovell et al. 2021).

The systemic approach can be observed since the 
1930–1960s with the development of holism and 
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systems theory and the understanding of complexity 
and emergence, which later came to revolutionise the 
understanding of landscape (Smuts 1926; Shannon 
1948; Von Bertalanffy 1950; Broadbent and Ham-
mersley 1957; Simon 1962).

Similarly, the quantitative revolution that affected 
the field in the latter half of the 20th century led to 
fundamental changes in how landscape ecological 
research was conducted (Forman 2015; Antrop and 
Eetvelde 2017). This introduced quantitative mod-
elling, spatial statistics, landscape indices and met-
rics (Cushman et  al. 2008; Riitters 2019) and their 
applications in planning (Botequilha Leitão and 
Ahern 2002). This is still a rapidly growing approach 
engaged with the development of artificial intelli-
gence and big data technologies to further landscape 
ecological research (Nowogrodzki 2020; Porter 2021; 
Remmel and Mitchell 2021).

The most current approach started in the 
1990s–2000 with a call for holistic and transdisci-
plinary modes of research (Naveh 2000b) necessary 
for spatially explicit and multi-scale approaches to 
landscape sustainability (Potschin and Haines-Young 
2006; Wu 2013c, 2021), multifunctionality (Wig-
gering et  al. 2003; Brandt and Vejre 2004; Hölting 
et  al. 2020b) and landscape ecological management 
(Lindenmayer et al. 2008; de Groot et al. 2010; Her-
sperger et  al. 2021). This emphasises the necessity 
of social logics and theories in landscape ecology. 
Since these latest developments, the field has been 
characterised by a continuous process of refinement, 
advancement and reinterpretation of existing theories.

Looking ahead: trends of theory development in 
landscape ecology

It is interesting to observe that theories within land-
scape ecology did not replace each other as the field 
developed. In most cases we see a process of gradual 
accumulation of new theories alongside existing ones, 
each subjected to incremental refinement. As such, 
landscape ecology develops with a high degree of 
continuity and existing concepts are complementary 
to a larger extent than in competition with each other, 
indicating that theoretical multiplicity is an estab-
lished practice within the field. However, there is 
currently little evidence of explicit, systematic reflec-
tion on this role of theory, especially with respect 
to concepts that today are taken for granted or have 

been “backgrounded” as shared reference points for 
researchers (Sudo 2014).

Theory serves researchers with a medium for 
transferring knowledge between empirical contexts 
seamlessly and iteratively in ways that adapt to obser-
vations made in local landscapes. A good example 
of a method to achieve this is middle range theory, 
originally proposed by Merton (1949) within sociol-
ogy, which is currently gaining ground in landscape 
research and cognate fields (Meyfroidt et  al. 2018; 
Schlüter et al. 2019). However, questions of transfer-
ability of findings between landscapes are challeng-
ing, as is the  transfer of theoretical insights from 
landscape ecology to other fields (Francis and Antrop 
2021). Concepts and models that could have been 
the subject of explicit theorising are transferred from 
context to context without clear reflection on the mer-
its of doing so. As such, there is an apparent poten-
tial to improve conceptual precision by working more 
explicitly with theory in the field. Building on this 
observation, approaches to achieving improved pro-
cesses of theory accumulation in landscape ecology 
could potentially take the form of a flexible concep-
tual toolbox of concepts and models rated and clas-
sified according to their empirical range and context 
of usefulness. This would constitute a new approach 
to theoretical synthesis aimed at encompassing the 
empirical diversity of cultural landscapes (and asso-
ciated conceptual models) in a single theoretical 
framework, without imposing a unified language or 
vocabulary as such. Theory in this view would be 
multiform, with many alternative conceptions sitting 
side by side, resting on continuous cataloguing and 
assessment of the relevance of contributions relative 
to specific empirical conditions. This could be a vehi-
cle for supporting the field in incorporating diversity 
in its subject matter, without losing a common foot-
hold and instrument for coordination. An inclusive 
perspective on theory of this kind would reflect the 
actual diversity of theories within the field identi-
fied in this review and would likely support increased 
awareness of the role of theory in contemporary 
research. A more explicit, continuous way of working 
with theory of this kind would likely allow research-
ers better conditions for maintaining a critical aware-
ness of the origin and relative relevance of theoreti-
cal concepts as these are being developed, brought to 
use and transferred between landscape contexts under 
study.



4055Landsc Ecol (2023) 38:4033–4064	

1 3
Vol.: (0123456789)

Conclusions

This article provides an overview of theories in land-
scape ecology applicable to the study of cultural land-
scapes. A literature review of theoretical contribu-
tions to landscape ecology was conducted. A total of 
32 theories were selected and their pathways of devel-
opment were described. Four modes of theory gen-
eration representing viable, tested transition pathways 
for the transfer of decontextualised knowledge in the 
field were identified. Theoretical work in landscape 
ecology was found to be characterised by (1) pursu-
ing analysis strategies that lift spatial aspects of the 
phenomena studied to analytical primacy, achieving 
synthesis through the use of common spatial units; 
(2) promoting inclusive, interdisciplinary investiga-
tions of the relationship between humans and nature, 
linking social and ecological theories together; (3) 
maintaining a scale of analysis matching human per-
ception and existence, making it possible to combine 
situated and desituated research practices; (4) con-
tinuously developing quantitative models to analyse 
spatial patterns and distributions of phenomena under 
study; (5) emphasising connections, interrelationships 
and wholes, employing analysis strategies designed to 
avoid classificational stability, set categories and lin-
ear, unidirectional modes of reasoning. Based on the 
review, a perspective on how to improve application 
of theory within the field was proposed.

Author contribution  All authors contributed equally to the 
conception, literature review, analysis and writing of the manu-
script. All authors read and approved the final manuscript.

Funding  This work was supported by FWO Research Foun-
dation Flanders (Grant Numbers K800321N), the Faculty of 
Science of Ghent University and the IGN International Acad-
emy of the University of Copenhagen.

Data availability  Not applicable.

Declarations 

Competing interests  The authors have no relevant financial 
or non-financial interests to disclose.

Ethical approval  Not applicable.

References

Allen TFH, Starr TB (1982) Hierachy: perspectives for eco-
logical complexity. University of Chicago Press, Chicago

Antrop M (1987) Analyse géographique des sites utilisant des 
modeles de dispersion spatiale. Archéo-log 2:47–64

Antrop M (2018) A brief history of landscape research. In: 
Howard P, Thompson I, Waterton E, Atha M (eds) The 
Routledge companion to landscape studies, 2nd edn. 
Routledge, London, pp 1–15

Antrop M (2021) Landscape mosaics and the patch-corridor-
matrix model. In: Francis RA, Millington JDA, Perry 
GLW, Minor ES (eds) The Routledge handbook of land-
scape ecology. Routledge, London, pp 25–48

Antrop M, Van Eetvelde V (2000) Holistic aspects of suburban 
landscapes: visual image interpretation and landscape 
metrics. Landsc Urban Plann 50:43–58

Antrop M, Van Eetvelde V (2017) Landscape perspectives: the 
holistic nature of landscape, 1st edn. Springer, Nether-
lands, Dordrecht

Antrop M, Sevenant M, Tagliafierro C, Van Eetvelde V (2013) 
Setting a framework for valuing the multifunctional land-
scape and its multiple perceptions. In: van der Heide CM, 
Heijman W (eds) The economic value of landscapes. 
Routledge, London; New York, pp 23–52

Aston M (1997) Interpreting the landscape: landscape archae-
ology and local history. Routledge, London; New York

Aston M, Rowley T (1974) Landscape archaeology: an intro-
duction to fieldwork techniques on post-roman land-
scapes. David & Charles Ltd., Newton Abbot

Auclair AN (1976) Ecological factors in the development of 
intensive-management ecosystems in midwestern United 
States. Ecology 57:431–444

Backhaus R, Bock M, Weiers S (2002) The spatial dimen-
sion of landscape sustainability. Environ Dev Sustain 
4:237–251

Baker A (1971) Some shape and contact characteristics of 
French rural communes. In: Dussart F (ed) L’habitat et 
ses paysages ruraux d’Europe compte rendu du sympo-
sium. Université de Liège, Liège, pp 13–24

Barendregt A, Klijn JA (2006) Het landschap bestudeer je van 
groot naar klein, niet andersom; interview met Ies (prof.
dr.ir. I.S.) Zonneveld. Landschap: tijdschrift voor landsc-
hapsecologie en milieukunde 23:160–168

Barrett GW (1992) Landscape ecology: designing sustainable 
agricultural landscapes. J Sustain Agric 2:83–103

Barrett GW, Barrett TL, Wu J (2015) History of landscape 
ecology in the United States. Springer, New York

Bastian O, Steinhardt U (eds) (2002) Development and per-
spectives of landscape ecology. Kluwer Academic Pub-
lishers, Dordrecht; Boston

Baudry J, Burel F (1985) Système écologique, espace et théo-
rie de l’information. In: Berdoulay V, Phipps M (eds) 
Paysage et système de l ́organisation écologique à l 
́organisation visuelle. Editions de l ́Université d ́Ottawa, 
Ottawa, pp 87–102

Berry BJL, Pred A (1961) Central place studies: a bibliography 
of theory and applications. Regional Science Research 
Institute, Philadelphia, US



4056	 Landsc Ecol (2023) 38:4033–4064

1 3
Vol:. (1234567890)

Blunden A (2011) Vygotsky’s idea of gestalt and its origins. 
Theory Psychol 21:457–471

Bohman M, Cooper J, Mullarkey D et al (1999) The use and 
abuse of multifunctionality. Econ Res Serv USDA 5:1

Botequilha Leitão A, Ahern J (2002) Applying landscape eco-
logical concepts and metrics in sustainable landscape 
planning. Landsc Urban Plann 59:65–93

Bourke WL, Mayo WLB, Abercrombie P et  al (1929) The 
Thames Valley from Cricklade to Staines: a survey of its 
existing state and some suggestions for its future preser-
vation. University of London Press, London

Bowen DS, Sauer C (1996) Field exploration, and the develop-
ment of American geographic thought. Southeast Geogr 
36:176–191

Brandt, (1995) Landscape ecology and the destiny of geogra-
phy. Roskilde University, Roskilde

Brandt J, Vejre H (2004) Multifunctional landscapes—motives, 
concepts and perceptions. In: Brandt J, Vejre H (eds) 
Multifunctional landscapes. WIT Press, Southhampton, 
pp 3–32

Brandt J, Primdahl J, Reenberg A (1999) Rural land-use and 
landscape dynamics—analysis of “driving forces” in 
space and time. In: Krönert R, Baudry J, Bowler IR, 
Reenberg A (eds) Land-use changes and their environ-
mental impact in rural areas in Europe. Unesco. Man and 
the Biosphere Series No. 24, Paris, pp 81–102

Brillouin L (1962) Science and information theory. Academia 
Press, New York

Broadbent SR, Hammersley JM (1957) Percolation processes: 
I. Crystals and mazes. Math Proc Camb Philos Soc 
53:629–641

Buckley W (1968) Society as a complex adaptive system. In: 
Buckley W (ed) Modern systems research for the behav-
ioral scientist. Aldine Publishing Company, Chicago, pp 
490–513

Burel F (2003) Landscape ecology: concepts, methods, and 
applications. CRC Press, Boca Raton

Bürgi M (1999) A case study of forest change in the Swiss low-
lands. Landscape Ecol 14:567

Bürgi M, Hersperger AM, Schneeberger N (2004) Driving 
forces of landscape change—current and new directions. 
Landscape Ecol 19:857–868

Bürgi M, Bieling C, von Hackwitz K et  al (2017) Processes 
and driving forces in changing cultural landscapes across 
Europe. Landsc Ecol 32:2097–2112

Bürgi M, Celio E, Diogo V et al (2022) Advancing the study 
of driving forces of landscape change. J Land Use Sci 
17:540–555

Burrough PA (1981) Fractal dimensions of landscapes and 
other environmental data. Nature 294:240–242

Burrough PA (1989) Fuzzy mathematical methods for soil sur-
vey and land evaluation. J Soil Sci 40:477–492

Burrough PA, Macmillan RA, van Deursen W (1992) Fuzzy 
classification methods for determining land suitability 
from soil profile observations and topography. J Soil Sci 
43:193–210

Buttimer A (2010) Humboldt, Granö and Geo-poetics of the 
Altai. Fennia Int J Geogr 188:11–36

Butzer KW (1976) Obituary: Carl Troll (1899–1975). Geogr 
Rev 66:234–236

Callicott JB (2013) The worldview concept and Aldo Leopold’s 
project of “world view” remediation. In: Rozzi R, Pickett 
STA, Palmer C et al (eds) Linking ecology and ethics for 
a changing world. Springer Netherlands, Dordrecht, pp 
113–123

Campbell M, Egan M, Lorenc T et  al (2014) Considering 
methodological options for reviews of theory: illustrated 
by a review of theories linking income and health. Syst 
Reviews 3:114

Cassar LF (2019) Landscape and ecology: the need for a holis-
tic approach to the conservation of habitats and biota. In: 
Howard P, Thompson I, Waterton E, Atha M (eds) The 
Routledge companion to landscape studies, 2nd edn. 
Routledge, London

Chesson P (2013) Metapopulations. Encyclopedia of biodiver-
sity. Elsevier, Amsterdam, pp 240–251

Chisholm M (1962) Rural settlement and land use. Hutchinson 
University Library, London

Chouliaraki L (2002) The contingency of universality: some 
thoughts on discourse and realism. Social Semiot 
12:83–114

Christaller W (1933) Die zentralen Orte in Süddeutschland: 
eine ökonomisch-geographische untersuchung über die 
Gesetzmäßigkeit der Verbreitung und Entwicklung der 
Siedlungen mit städtischen Funktionen, 3., unveränd. 
Aufl., reprograf. Nachdr. d. 1. Aufl. Jena 1933. Wissen-
schaftliche Buchgesellschaft, Darmstadt

Christensen AA, Brandt J, Svenningsen SR (2017) Landscape 
ecology. In: Richardson D, Castree N, Goodchild MF 
et al (eds) International encyclopedia of geography: peo-
ple, the earth, environment and technology. John Wiley 
& Sons, Ltd, Oxford, pp 1–10

Colbert J-B (1669) Conférence de l’Ordonnance de Louis XIV 
du mois sur le Fait des Eaux et Forets. Paris

Cooper H, Hedges LV, Valentine JC (2019) The handbook of 
research synthesis and meta-analysis. Russell Sage Foun-
dation, Russell

Costanza R, Daly HE (1992) Natural capital and sustainable 
development. Conserv Biol 6:37–46

Costanza R, d’Arge R, de Groot R et al (1997) The value of the 
world’s ecosystem services and natural capital. Nature 
387:253–260

Costanza R, de Groot R, Braat L et al (2017) Twenty years of 
ecosystem services: how far have we come and how far 
do we still need to go? Ecosyst Serv 28:1–16

Curtis JT (1956) The modification of mid-latitude grasslands 
and forests by man. In: Thomas WLJr (ed) Man´s role 
in changing the face of the earth. University of Chicago 
Press, Chicago, United States, pp 721–736

Cushman, (2009) Landscape ecology: past, present and future. 
Spatial complexity, informatics, and wildlife conserva-
tion. Springer, Berlin, pp 65–82

Cushman SA, McGarigal K, Neel MC (2008) Parsimony in 
landscape metrics: strength, universality, and consist-
ency. Ecol Ind 8:691–703

Darwin CR (1839) Voyages of the Adventures and Beagle, vol-
ume III. Henry Colburn, London

Darwin CR (1859) On the origin of species by means of natu-
ral selection, or the preservation of favoured races in the 
struggle for life. John Murray, London, UK



4057Landsc Ecol (2023) 38:4033–4064	

1 3
Vol.: (0123456789)

Darwin C, Barlow N (1958) The autobiography of Charles 
Darwin. 1809–1882. With original omissions restored. 
Edited with appendix and notes by his grand-daughter 
Nora Barlow. Collins, St James’s Place, London

de Groot RS, Alkemade R, Braat L et al (2010) Challenges in 
integrating the concept of ecosystem services and values 
in landscape planning, management and decision mak-
ing. Ecol Complex 7:260–272

de la Cadena M, Blaser M (eds) (2018) A world of many 
worlds. Duke University Press, Durham

Debarbieux B (2012) The various figures of mountains in 
Humboldt’s science and rhetoric. CyberGEO, article 618. 
https://​doi.​org/​10.​4000/​cyber​geo.​25488

Diaz S, Settele J, Brondizio ES et al (2019) Pervasive human-
driven decline of life on earth points to the need for 
transformative change. Science 366:1327

Dodgshon RA (1980) The origin of british field systems: an 
interpretation. Academic Press, London; New York

Doherr D, Baron F (2012) Humboldt digital library and inter-
connectedness. Environmentalist 32:271–277

Dramstad W, Olsen JD, Forman RTT (1996) Landscape ecol-
ogy principles in landscape architecture and land-use 
planning. IslandPress, Washington, D.C.

Egerton FN (2009) A history of the ecological sciences, part 
32: Humboldt, Nature’s geographer. Bull Ecol Soc Am 
90:253–282

Egerton FN (2010) History of ecological sciences, part 37: 
Charles Darwin’s voyage on the Beagle. Bull Ecol Soc 
Am 91:398–431

Egerton FN (2011) History of ecological sciences, part 40: 
Darwin’s evolutionary ecology. Bull Ecol Soc Am 
92:351–374

Egerton FN (2019) History of ecological sciences, part 62: sav-
ing habitats and managing wildlife in the United States 
and Canada before 2000. Bull Ecol Soc Am 100:e01546

Ehrlich P, Ehrlich A (1981) Extinction: the causes and con-
sequences of the disappearance of species. Gollancz, 
London

Ehrlich PR, Mooney HA (1983) Extinction, substitution, and 
ecosystem services. Bioscience 33:248–254

Entrikin JN (1991) The betweenness of place: towards a geog-
raphy of modernity. Macmillan, Basingstoke (GB)

European Communities Commission (1988) The future of rural 
society: commission communication to parliament and 
the council. Office for Official Publications of the Euro-
pean Communities, Luxembourg

Evelyn J (1664) Sylva, or a discourse of forest-tree, and the 
propagation of timber in his Majesty’s dominions. Jo. 
Martyn and Ja. Allestry, London

Fairclough G, Sarlov Herlin I, Swanwick C (2018) Landscape 
character assessment: a global practice. In: Howard P, 
Thompson I, Waterton E, Atha M (eds) The Routledge 
companion to landscape studies, 2nd edn. Routledge, 
London, pp 576–88

Fairclough G, Sarlov Herlin I, Swanwick C (2018) Routledge 
handbook of landscape character assessment: current 
approaches to characterisation and assessment. Rout-
ledge, London

Farina A (1998) Principles and methods in landscape ecology. 
Springer Science & Business Media, Berlin

Farina A (2009) The landscape as a human agency. In: Farina 
A (ed) Ecology, cognition and landscape: linking natural 
and social systems. Springer Netherlands, Dordrecht, pp 
143–155

Farina A (2009) Ecology, cognition and landscape—link-
ing natural and social systems. Springer Netherlands, 
Dordrecht

Fayet CMJ, Reilly KH, Van Ham C, Verburg PH (2022) What 
is the future of abandoned agricultural lands? A system-
atic review of alternative trajectories in Europe. Land 
Use Policy 112:105833

Field DR, Voss PR, Kuczenski TK et  al (2003) Reaffirming 
social landscape analysis in landscape ecology: a concep-
tual framework. Soc Nat Resour 16:349–361

Fischer AP (2018) Forest landscapes as social-ecological sys-
tems and implications for management. Landsc Urban 
Plann 177:138–147

Flory PJ (1941) Molecular size distribution in three dimen-
sional polymers. I. Gelation. J Am Chem Soc 
63:3083–3090

Forman RTT (1979) The Pine Barrens of New Jersey: an eco-
logical mosaic. In: Forman RTT (ed) Pine Barrens. Else-
vier, Amsterdam, pp 569–585

Forman RTT (1995) Land mosaics: the ecology of landscapes 
and regions. Cambridge University Press, Cambridge; 
New York

Forman RTT (2015) Launching landscape ecology in America 
and learning from Europe. In: Barrett GW, Barrett TL, 
Wu J (eds) History of landscape ecology in the United 
States. Springer, New York, pp 13–30

Forman RTT (2019) Towns, ecology, and the land. Cambridge 
University Press, Cambridge

Forman RTT, Godron M (1986) Landscape ecology. Wiley, 
New York

Francis RA, Antrop M (2021) A brief history and overview 
of landscape ecology. In: Francis RA, Millington JDA, 
Perry GLW, Minor ES (eds) The Routledge Handbook of 
Landscape Ecology. Routledge, London, pp 1–22

Francis RA, Millington JDA, Perry GLW, Minor ES (2021) 
The Routledge Handbook of Landscape Ecology, 1st 
edn. Routledge, London

Freeman OE, Duguma LA, Minang PA (2015) Operationaliz-
ing the integrated landscape approach in practice. E&S 
20:art24

Friedrich CJ (1929) Alfred Weber’s theory of the location of 
industries. The University of Chicago Press, Chicago

Gade DW (1996) Carl Troll on nature and culture in the Andes 
(Carl Troll über die Natur und Kultur in den Anden). 
Erdkunde 50:301–316

Gallager RG (2001) Claude E. Shannon: a retrospective on 
his life, work, and impact. IEEE Trans Inform Theory 
47:2681–2695

Garber M (2020) Character: the history of a cultural obsession, 
1st edn. Farrar, Straus and Giroux, New York

Gardner RH, O’Neill RV (1991) Pattern, process, and predict-
ability: the use of neutral models for landscape analysis. 
In: Turner MG, Gardner RH (eds) Quantitative methods 
in landscape ecology. Springer, New York, pp 289–307

Gardner RH, Walters S (2002) Neutral landscape models. 
In: Gergel SE, Turner MG (eds) Learning landscape 

https://doi.org/10.4000/cybergeo.25488


4058	 Landsc Ecol (2023) 38:4033–4064

1 3
Vol:. (1234567890)

ecology: a practical guide to concepts and techniques. 
Springer, New York, pp 112–128

Gardner RH, Milne BT, Turner MG, O’Neill RV (1987) Neu-
tral models for the analysis of broad-scale landscape pat-
tern. Landsc Ecol 1:19–28

Gari SR, Newton A, Icely JD (2015) A review of the appli-
cation and evolution of the DPSIR framework with an 
emphasis on coastal social-ecological systems. Ocean 
Coast Manag 103:63–77

Gergel SE, Turner MG (2017) Learning landscape ecology. 
Springer, New York

Gómez-Baggethun E, de Groot R, Lomas PL, Montes C (2010) 
The history of ecosystem services in economic theory 
and practice: from early notions to markets and payment 
schemes. Ecol Econ 69:1209–1218

Gorter C, Nijkamp P (2001) Location theory. In: Smelser NJ, 
Baltes PB (eds) International encyclopedia of the social 
& behavioral sciences. Pergamon, Oxford, pp 9013–9019

Granö JG (1929) Reine geographie. Tilgmann, Helsinki
Granö O (2003) Origin of landscape science: J. G. Granö and 

a new pure geography for a New State: a collection of 
papers. Turku University Foundation, Turku

Granö JG, Granö O, Paasi A (1997) Pure geography. The Johns 
Hopkins University Press, Baltimore

Grimmett GR (1989) Percolation. Springer-Verlag, Berlin
Grober U (2007) Deep roots: a conceptual history of “sustain-

able development” (Nachhaltigkeit). Wissenschaftszen-
trum Berlin für Sozialforschung, Berlin, Germany

Guthery FS, Bingham RL (1992) On Leopold’s principle of 
edge. Wildl Soc Bull (1973–2006) 20:340–344

Haber W (2004) Landscape ecology as a bridge from ecosys-
tems to human ecology. Ecol Res 19:99–106

Haggett P, Cliff AD, Frey AE (1977) Locational analysis in 
human geography, 2nd edn. Wiley, New York

Hall PG (1966) Isolated state: an English edition of Der Iso-
lierte Staat. Pergamon Press, Oxford

Hansen F, Simonsen K (2005) Geografiens videnskabsteori: en 
introducerende diskussion. Roskilde universitetsforlag, 
Roskilde

Hanski I (1983) Coexistence of competitors in patchy environ-
ment. Ecology 64:493–500

Hanski I (1999) Habitat connectivity, habitat continuity, and 
metapopulations in dynamic landscapes. Oikos 87:209

Hanski I, Ovaskainen O (2000) The metapopulation capacity 
of a fragmented landscape. Nature 404:755–758

Hanski I, Ovaskainen O (2003) Metapopulation theory for 
fragmented landscapes. Theor Popul Biol 64:119–127

Hanski I, Ovaskainen O (2019) Metapopulation models. Ency-
clopedia of ecology. Elsevier, Amsterdam, pp 136–144

Hansson L, Fahrig L, Merriam G (1995) Mosaic landscapes 
and ecological processes. Springer, Netherlands, 
Dordrecht

Hartvigsen G, Kinzig A, Peterson G (1998) Complex adaptive 
systems: use and analysis of complex adaptive systems in 
ecosystem science: overview of special section. Ecosys-
tems 1:427–430

Helmus MR, Behm JE (2020) Island biogeography revisited. 
Encyclopedia of the world’s biomes. Elsevier, Amster-
dam, pp 51–56

Hersperger AM, Grădinaru SR, Pierri Daunt AB et  al (2021) 
Landscape ecological concepts in planning: review of 
recent developments. Landsc Ecol 36:2329–2345

Hobbs R (1997) Future landscapes and the future of landscape 
ecology. Landsc Urban Plann 37:1–9

Holdren JP, Ehrlich PR (1974) Human population and the 
global environment: population growth, rising per capita 
material consumption, and disruptive technologies have 
made civilization a global ecological force. Am Sci 
62:282–292

Holland JH (1992) Complex adaptive systems. Daedalus 
121:17–30

Hölting L, Felipe-Lucia MR, Cord AF (2020) Multifunctional 
landscapes. Encyclopedia of the world’s biomes. Else-
vier, Amsterdam, pp 128–134

Hölting L, Felipe-Lucia MR, Cord AF (2020b) Multifunctional 
landscapes. In: Goldstein MI, DellaSala DA (eds) Ency-
clopedia of the World’s biomes. Elsevier, Oxford, pp 
128–134

Holtmeier F-K (2015) Carl Troll: his footprints in physical 
geography. Prog Phys Geogr 39:554–565

Hoskins WG (1954) The making of the English landscape. 
Hodder and Stoughton, London

Howe N (2011) Landscape versus region. Part I. In: Agnew 
JA, Duncan JS (eds) The Wiley–Blackwell companion to 
human geography, 1st edn. John Wiley & Sons, Ltd, pp 
114–129

Huang J, Tichit M, Poulot M et al (2015) Comparative review 
of multifunctionality and ecosystem services in sustain-
able agriculture. J Environ Manag 149:138–147

Hunziker M, Buchecker M, Hartig T (2007) Space and place—
two aspects of the human-landscape relationship. In: 
Kienast F, Wildi O, Ghosh S (eds) A changing world. 
Springer, The Netherlands, pp 47–62

Jenkins A (2007) Alexander von Humboldt’s “Kosmos” and 
the beginnings of ecocriticism. Interdiscip Stud Lit Envi-
ron 14:89–105

Jessel B (2006) Elements, characteristics and character—infor-
mation functions of landscapes in terms of indicators. 
Ecol Ind 6:153–167

Jones M (2003) Human geographical landscapes: J. G. Granö’s 
approach to landscapes as scientist and artist. In: Granö 
O (ed) Origin of landscape science: J. G. Granö and a 
new pure geography for a New State: a collection of 
papers. Turku University Foundation, Turku, pp 71–98

Jones DW, O’Neill RV (1995) Development policies, urban 
unemployment and deforestation: the role of infrastruc-
ture and tax policy in a two-sector model. J Reg Sci 
35:135–153

Jost L (2006) Entropy and diversity. Oikos 113:363–375
Kacewicz M (1994) Fuzzy geostatistics—an integration of 

qualitative description into spatial analysis. In: Dimitra-
kopoulos R (ed) Geostatistics for the next century: an 
international forum in honour of Michel David’s contri-
bution to geostatistics, Montreal, 1993. Springer Nether-
lands, Dordrecht, pp 448–463

Kates RW, Turner IIBL, Clark WC (1997) The great transfor-
mation. In: Turner BL, Jordan M, Turner BL, Clark WC 
(eds) The earth as transformed by human action: global 
and regional changes in the biosphere over the past 300 



4059Landsc Ecol (2023) 38:4033–4064	

1 3
Vol.: (0123456789)

years, reprint. Cambridge University Press, Cambridge, 
pp 31–47

Kauffman S (1989) Principles of adaptation in complex sys-
tems. In: Stein E (ed) Lectures in the sciences of com-
plexity. Addison-Wesley, Reading, MA, pp 619–712

Kenzer MS (1985) Milieu and the “intellectual landscape”: 
Carl O. Sauer’s undergraduate heritage. Ann Assoc Am 
Geogr 75:258–270

Kidd CV (1992) The evolution of sustainability. J Agric Envi-
ron Ethics 5:1–26

Kienast F, Walters G, Bürgi M (2021) Landscape ecology 
reaching out. Landsc Ecol 36:2189–2198

Kilchenmann A (1971) Statistisch-analystische landschafts-
forschung. Geoforum 7:39–52

Kilchenmann A (1972) Quantitative Geographie als Mittel zur 
Lösing. von planerischen Umweltproblemen 12:53–71

Kilchenmann A (1973) Die Merkmalanalyse für Nominal-
daten—eine Methode zur Analyse von qualitativen geog-
raphischen Daten. Geoforum 15:33–45

Kizos T, Verburg PH, Bürgi M et al (2018) From concepts to 
practice: combining different approaches to understand 
drivers of landscape change. E&S 23:art25

Koffka K (1965) Principles of gestalt psychology. Harcourt/
Brace/World, New York

Köhler W (1929) Gestalt psychology. Liverright, London
Krummel JR, Gardner RH, Sugihara G et al (1987) Landscape 

patterns in a disturbed environment. Oikos 48:321
Kuhn TS (1962) The structure of scientific revolutions. Univer-

sity of Chicago Press, Chicago
Kwa C (2018) The visual grasp of the fragmented landscape. 

plant geographers vs. plant sociologists. Hist Stud Nat 
Sci 48:180–222

Kwakernaak C (1984) Information applied in ecological land 
classification. In: Brandt J, Agger P (eds) Proc. of the 
first international IALE seminar on methodology in land-
scape ecological research and planning. Theme III: meth-
odology of data analysis. Roskilde University Centre, 
Roskilde, pp 59–66

Kwakernaak C (1986) Informatie als begrip in de landschapse-
cologie. Landschap 3:182–189

Lansing JS (2003) Complex adaptive systems. Annu Rev 
Anthropol 32:183–204

Lebeau R (1979) Les grands types de structures agraires dans 
le monde. Entièrement remaniée, 3rd edn. Masson, Paris

Lefebvre H (1974) La production de l’espace. Éditions Anthro-
pos, Paris

Lefebvre H (1991) The production of space, English transla-
tion. Blackwell, Oxford & Cambridge

Leopold A (1933) Game management. University of Wisconsin 
Press, Madison

Leopold A (1949) A sand county almanac and sketches here 
and there. OUP, New York

Leser H (1991) Landschaftsökologie: Ansatz, Modelle, 
Methodik, Anwendungen. Ulmer, Stuttgart

Levin SA (1998) Ecosystems and the biosphere as complex 
adaptive systems. Ecosystems 1:431–436

Levins R (1969) Some demographic and genetic consequences 
of environmental heterogeneity for biological control. 
Bull Entomol Soc Am 15:237–240

Li B-L (2000a) Why is the holistic approach becoming so 
important in landscape ecology? Landsc Urban Plann 
50:27–41

Li B-L (2000b) Fractal geometry applications in description 
and analysis of patch patterns and patch dynamics. Ecol 
Model 132:33–50

Lindeman RL (1942) The trophic-dynamic aspect of ecology. 
Ecology 23:399–417

Lindenmayer D, Hobbs RJ, Montague-Drake R et al (2008) A 
checklist for ecological management of landscapes for 
conservation. Ecol Lett 11:78–91

Loehle C (1990) Home range: a fractal approach. Landsc Ecol 
5:39–52

Lorenz EN (1963) Deterministic nonperiodic Flow. J Atmos 
Sci 20:130–141.

Lovell ST, Bentrup G, Stanek E (2021) Agroforestry at the 
landscape level. North American Agroforestry. John 
Wiley & Sons, Ltd, pp 417–435

Lyotard J-F (1997) The postmodern condition: a report on 
knowledge. Manchester Univ. Pr, Manchester

MacArthur R (1955) Fluctuations of animal populations and a 
measure of community stability. Ecology 36:533–536

MacArthur RH (1972) Geographical ecology: patterns in 
the distribution of species. Princeton University Press, 
Princeton

MacArthur RH, Wilson EO (1963) An equilibrium theory of 
insular zoogeography. Evolution 17:373–387

MacArthur RH, Wilson EO (1967) The theory of island bioge-
ography. Princeton University Press, Princeton

MacCulloch J (1824) The highlands and western isles of Scot-
land. Longman, Hurst, Rees, Orme, Brown and green, 
London

MacKay G, Jan N (1984) Forest fires as critical phenomena. J 
Phys A: Math Gen 17:L757–L760

Mandelbrot B (1967) How long is the coast of Britain? Sta-
tistical self-similarity and fractional dimension. Science 
156:636–638

Mandelbrot B (1977) Fractals: form, chance and dimension. 
W.H. Freeman, San-Francisco

Mander Ü, Uuemaa E (2015) Landscape planning. In: Fath B 
(ed) Encyclopedia of ecology, 2nd edn. Elsevier, Oxford, 
pp 532–544

Marcucci DJ (2000) Landscape history as a planning tool. 
Landsc Urban Plann 49:67–81

Margalef R (1958) Information theory in ecology. General Syst 
3:36–71

Marsh GP, Lowenthal D (2003) Man and nature: or, physical 
geography as modified by human action. University of 
Washington Press, Seattle

Marsili-Libelli S (1991) Fuzzy clustering of ecological data. 
In: Feoli E, Orlóci L (eds) Computer assisted vegetation 
analysis. Springer Netherlands, Dordrecht, pp 173–184

Martin R (2021) Putting the case for a pluralistic economic 
geography. J Econ Geogr 21:1–28

Martin GJ, Martin TS (2005) All possible worlds: a history of 
geographical ideas, 4th edn. Oxford University Press, 
New York

Maughan KO (1934) Recreational development in the national 
forests: a study of the present recreational use and a sug-
gested plan for future development. New York State Col-
lege of Forestry, Syracuse



4060	 Landsc Ecol (2023) 38:4033–4064

1 3
Vol:. (1234567890)

McGarigal K, McComb WC (1995) Relationships between 
landscape structure and breeding birds in the oregon 
coast range. Ecol Monogr 65:235–260

Meadows DH, Meadows DL, Randers J, Behrens WWI (1972) 
The limits of growth. A report for the club of Rome’s 
project on the predicament of mankind. Universe Books, 
New York

Meine C (2013) Aldo Leopold: connecting conservation sci-
ence, ethics, policy, and practice. In: Rozzi R, Pickett 
STA, Palmer C et al (eds) Linking ecology and ethics for 
a changing world. Springer Netherlands, Dordrecht, pp 
173–184

Merton RK (1949) On sociological theories of the mid-
dle range. Social theory and social structure. Simon & 
Schuster, The Free Press, New York

Meyfroidt P, Roy Chowdhury R, de Bremond A et  al (2018) 
Middle-range theories of land system change. Glob Envi-
ron Change 53:52–67

Meyfroidt P, de Bremond A, Ryan CM et al (2022) Ten facts 
about land systems for sustainability. Proc Natl Acad Sci 
USA. https://​doi.​org/​10.​1073/​pnas.​21092​17118

Miller JED, Ziter CD, Koontz MJ (2021) Fieldwork in land-
scape ecology. In: Francis RA, Millington JDA, Perry 
GLW, Minor ES (eds) The Routledge Handbook of 
Landscape Ecology. Routledge, London, pp 219–229

Millington JDA (2021) Scale and hierarchy in landscape ecol-
ogy. In: Francis RA, Millington JDA, Perry GLW, Minor 
ES (eds) The Routledge handbook of landscape ecology. 
Routledge, London, pp 49–66

Mills CW (2000) Appendix on intellectual craftsmanship. 
The sociological imagination. Oxford University Press, 
Oxford [England] New York

Milovanović A, Milovanović Rodić D, Maruna M (2020) 
Eighty-year review of the evolution of landscape ecol-
ogy: from a spatial planning perspective. Landsc Ecol 
35:2141–2161

Moilanen A, Hanski I (1998) Metapopulation dynamics: 
effects of habitat quality and landscape structure. Ecol-
ogy 79:2503–2515

Moret P, Muriel P, Jaramillo R, Dangles O (2019) Humboldt’s 
tableau physique revisited. PNAS 116:12889–12894

Naveh Z (1991) Some remarks on recent developments in land-
scape ecology as a transdisciplinary ecological and geo-
graphical science. Landsc Ecol 5:65–73

Naveh Z (2000) The total human ecosystem: integrating ecol-
ogy and economics. Bioscience 50:357

Naveh Z (2000b) What is holistic landscape ecology? A con-
ceptual introduction. Landsc Urban Plann 50:7–26

Naveh Z (2001) Ten major premises for a holistic concep-
tion of multifunctional landscapes. Landsc Urban Plann 
57:269–284

Naveh Z (2005) Toward a transdisciplinary landscape science. 
In: Wiens JA, Moss MR (eds) Issues and perspectives in 
landscape ecology. Cambridge University Press, Cam-
bridge, pp 346–354

Naveh Z, Lieberman AS (1994) Landscape ecology: theory and 
application, 2nd edn. Springer-Verlag, New York

Newig J, Rose M (2020) Cumulating evidence in environmen-
tal governance, policy and planning research: towards a 
research reform agenda. J Environ Plann Policy Manag 
22:667–681

Nowogrodzki A (2020) Eleven tips for working with large data 
sets. Nature 577:439–440

O’Kelly M, Bryan D (1996) Agricultural location theory: von 
Thunen’s contribution to economic geography. Prog 
Hum Geogr 20:457–475

O’Neill RV (2005) Theory in landscape ecology. In: Wiens 
JA, Moss MR (eds) Issues and perspectives in landscape 
ecology. Cambridge University Press, Cambridge, pp 
23–28

O’Neill RV, DeAngelis DL, Waide JB, Allen TFH (1986) A 
hierarchical concept of ecosystems. Princeton University 
Press, Princeton

O’Neill RV, Milne BT, Turner MG, Gardner RH (1988) 
Resource utilization scales and landscape pattern. Landsc 
Ecol 2:63–69

O’Neill RV, Gardner RH, Turner MG (1992) A hierarchi-
cal neutral model for landscape analysis. Landsc Ecol 
7:55–61

Odum EP (1953) Fundamentals of ecology. W. B. Saunders 
Co., Philadelphia

OECD (1993) OECD Core set of indicators fro environmental 
performance reviews. A synthesis report by the group on 
the state of the Environment. OECD, Paris

Olwig K (2019) The meanings of landscape: essays on place, 
space, environment and justice. Routledge, Abingdon, 
Oxon, New York

Opdam P (1991) Metapopulation theory and habitat fragmenta-
tion: a review of holarctic breeding bird studies. Landsc 
Ecol 5:93–106

Opdam P, van Dorp D, Braak DJFT (1984) The effect of isola-
tion on the number of Woodland Birds in Small Woods 
in the Netherlands. J Biogeogr 11:473

Opdam P, Luque S, Nassauer J et al (2018) How can landscape 
ecology contribute to sustainability science? Landsc Ecol 
33:1–7

Outhwaite W (2000) Classical and modern social theory. In: 
Andersen H, Kaspersen LB (eds) Classical and modern 
social theory. Blackwell, Malden, Mass, pp 3–15

Parsons JJ (1976) Obituary: Carl Ortwin Sauer 1889–1975. 
Geogr Rev 66:83–89

Passarge S (1919) Die Grundlagen der Landschaftskunde. 
Friederichsen, Verlag

Pérez-Soba M, Petit S, Jones L et  al (2008) Land use func-
tions—a multifunctionality approach to assess the impact 
of land use changes on land use sustainability. In: Helm-
ing K, Pérez-Soba M, Tabbush P et al (eds) Sustainabil-
ity Impact assessment of land use changes. Springer Ber-
lin Heidelberg, Heidelberg, pp 375–404

Petrosillo I, Aretano R, Zurlini G (2015) Socioecological sys-
tems. In: Fath B (ed) Encyclopedia of ecology, 2nd edn. 
Elsevier, Oxford, pp 419–425

Petrosillo I, Valente D, Mulder C et  al (2021) The resilient 
recurrent behavior of mediterranean semi-arid complex 
adaptive landscapes. Land 10:296

Phipps M (1981) Information theory and landscape analysis. 
Perspectives in landscape ecology. Pudoc, Veldhoven, pp 
57–64

Phipps M (1981b) Entropy and community pattern analysis. J 
Theor Biol 93:253–273

https://doi.org/10.1073/pnas.2109217118


4061Landsc Ecol (2023) 38:4033–4064	

1 3
Vol.: (0123456789)

Ponsard C (1983) Alfred Weber. In: Ponsard C (ed) History of 
spatial economic theory. Springer, Berlin, Heidelberg, pp 
23–31

Porter JH (2021) Sensors in the landscape. In: Francis RA, 
Millington JDA, Perry GLW, Minor ES (eds) The Rout-
ledge handbook of landscape ecology. Routledge, Lon-
don, pp 250–263

Portugali J (1984) On relevance in geography: Thünen’s iso-
lated state in relation to agriculture and political econ-
omy. Geoforum 15:201–207

Potschin M, Haines-Young R (2006) Rio + 10”, sustainabil-
ity science and landscape ecology. Landsc Urban Plann 
75:162–174

Potschin M, Haines-Young RH, Fish R, Turner RK (2016) 
Routledge handbook of ecosystem services. Routledge, 
Taylor & Francis Group, London, New York

Preiser R, Biggs R, De Vos A, Folke C (2018) Social-eco-
logical systems as complex adaptive systems: organ-
izing principles for advancing research methods and 
approaches. Ecol Soc 23:1

Price C (2018) Researching the economics of landscape. The 
Routledge companion to landscape studies, 2nd edn. 
Routledge, London

Prigogine I, Nicolis G (1967) On symmetry-breaking instabili-
ties in dissipative systems. J Chem Phys 46:3542–3550

Primdahl J (2018) The contested nature of the farmed land-
scape. In: Marsden T (ed) The SAGE handbook of 
nature: three. SAGE Publications Ltd, London, pp 
1468–1487

Primdahl J, Kristensen LS, Arler F et  al (2018) Rural land-
scape governance and expertise: on landscape agents and 
democracy. In: Egoz S, Jørgensen K, Ruggeri D (eds) 
Defining landscape democracy. Edward Elgar Publish-
ing, Cheltenham, pp 153–164

Raffn J, Christensen AA, de Witt M et  al (2021) Introducing 
a flat ontology into landscape research: a case study of 
water governance experiments in South Africa. Land-
scape Ecol. https://​doi.​org/​10.​1007/​s10980-​021-​01374-9

Rapport D, Friend A (1979) Towards a comprehensive frame-
work for environmental statistics: a stress-response 
approach. Statistics Canada, Ottawa

Remmel TK, Mitchell S (2021) Landscape pattern analysis. 
In: Francis RA, Millington JDA, Perry GLW, Minor ES 
(eds) The Routledge handbook of landscape ecology. 
Routledge, London, pp 283–311

Rescia AJ, Pérez-Corona ME, Arribas-Ureña P, Dover JW 
(2012) Cultural landscapes as complex adaptive sys-
tems: the cases of northern Spain and northern Argen-
tina. In: Bieling C, Plieninger T (eds) Resilience and the 
cultural landscape: understanding and managing change 
in human-shaped environments. Cambridge University 
Press, Cambridge, pp 126–145

Riitters K (2019) Pattern metrics for a transdisciplinary land-
scape ecology. Landsc Ecol 34:2057–2063

Riitters KH, Vogt P, Soille P et al (2007) Neutral model analy-
sis of landscape patterns from mathematical morphology. 
Landsc Ecol 22:1033–1043

Roberts BK (1987) The making of the English village: a study 
in historical geography. Longman Scientif. & Techn, 
Harlow

Roberts BK, Wrathmell S (2003) An atlas of rural settlement 
in England, Repr. With corrections. English Heritage, 
London

Rodiek JE, Delguidice G (1994) Wildlife habitat conserva-
tion: it’s relationship to biological diversity and land-
scape sustainability. North American wildlife and natural 
resources conference 58: 1994. Management Institute, 
Washington DC

Saar M, Palang H (2009) The dimensions of place meanings. 
Living Rev Landsc Res 3:5–24

Saini M, Shlonsky A (2012) Systematic synthesis of qualitative 
research. Oxford University Press, Oxford

Salski A (1992) Fuzzy knowledge-based models in ecological 
research. Ecol Model 63:103–112

Salvati L, Mavrakis A, Colantoni A et al (2015) Complex adap-
tive systems, soil degradation and land sensitivity to 
desertification: a multivariate assessment of Italian Agro-
forest landscape. Sci Total Environ 521–522:235–245

Sauer CO (1925) The morphology of landscape. University 
Press, Berkeley

Sauer CO, Leighly J (1976) Land and life: a selection from the 
writings of Carl Ortwin Sauer. University of California 
Press, Berkeley; London

Saunders DA, Hobbs RJ, work(s) (1991) Biological conse-
quences of ecosystem fragmentation: a review. Conserv 
Biol 5:18–32

Schlüter M, Orach K, Lindkvist E et al (2019) Toward a meth-
odology for explaining and theorizing about social-eco-
logical phenomena. Curr Opin Environ Sustain 39:44–53

Schneider E (1934) Johann Heinrich Von Thunen. Economet-
rica 2:1

Schreiber K-F (1990) The history of Landscape Ecology in 
Europe. In: Zonneveld IS, Forman RTT (eds) Changing 
Landscapes: an ecological perspective. Springer, New 
York, NY, pp 21–33

Schroeder MJ (2004) An alternative to entropy in the measure-
ment of information. Entropy 6:388–412

Selman PH (2012) Sustainable landscape planning: the recon-
nection agenda. Routledge, London

Sevenant M, Antrop M (2007) Settlement models, land use and 
visibility in rural landscapes: two case studies in Greece. 
Landsc Urban Plann 80:362–374

Shannon CE (1948) A mathematical theory of communication. 
Bell Syst Tech J 27:379–423

Silbernagel J (2003) Spatial theory in early conservation 
design: examples from Aldo Leopold’s work. Landsc 
Ecol 18:635–646

Simensen T, Halvorsen R, Erikstad L (2018) Methods for land-
scape characterisation and mapping: a systematic review. 
Land Use Policy 75:557–569

Simon HA (1962) The architecture of complexity. Proc Am 
Philos Soc 106:467–482

Simon HA (1976) How complex are complex systems? PSA 
Proc Bienn Meet Philos Sci Assoc 2:507–522

Simon HA (1994) Near decomposability and complexity: how 
a mind resides in a brain. In: Simon HA (ed) The mind, 
the brain, and complex adaptive systems. Routledge, 
New York, p 10

Simon HA, Ando A (1961) Aggregation of variables in 
dynamic systems. Econom J Econom Soc 29:111–138

https://doi.org/10.1007/s10980-021-01374-9


4062	 Landsc Ecol (2023) 38:4033–4064

1 3
Vol:. (1234567890)

Smuts JC (1926) Holism and evolution. The Macmillan Com-
pany, New York

Speth WW (1993) Carl O. Sauer’s uses of geography’s past. 
Yearbook Assoc Pac Coast Geogr 55:37–65

Spindler EA (2013) The history of sustainability. The origins 
and effects of a popular concept. In: Jenkins I, Schröder 
R (eds) Sustainability in tourism. Springer Fachmedien 
Wiesbaden, Wiesbaden, pp 9–31

Stanners DA, Bourdeau P (eds) (1995) Europe’s environment: 
the Dobříš assessment. European Environment Agency, 
Copenhagen

Stauffer D (1985) Introduction to percolation theory, 1st edn. 
Taylor & Francis, London

Steffen W, Richardson K, Rockström J et al (2020) The emer-
gence and evolution of earth system science. Nat Rev 
Earth Environ 1:554–554

Stöcker G, Bergmann A (1978) Zwei einfache Modelle zur 
Quantifizierung der Beziehungen von Landschaftse-
lementen. In: Richter H (ed) Beiträge zur plannäsigen 
gestaltung der landschaft. Wissenschafsliche abhand-
lungen der geographischer geselschaft der DDR. VEB 
H.Haack, Leipzig, pp 91–100

Stockmayer WH (1944) Theory of molecular size distribution 
and gel formation in branched polymers II. General cross 
linking. J Chem Phys 12:125–131

Sudo Y (2014) Presupposition. Linguistics. Oxford University 
Press, Oxford

Swanwick C (2002) Landscape character assessment—guid-
ance for England and Scotland. The Countryside Agency 
and Scottish National Heritage, Gloucestershire and 
Edinburg

Syrbe R-U (1999) Fuzzy-bewertungsverfahren für geoökolo-
gische Raumeinheiten am Beispiel der Gemeinde Burg/
Spreewald. In: Wiegleb G, Schulz F, Bröring U (eds) 
Naturschutzfachliche Bewertung im Rahmen der Leit-
bildmethode. Physica-Verlag HD, Heidelberg, pp 
214–225

Tanghe KB (2019) On the origin of species. The story of Dar-
win’s title. Notes Rec 73:83–100

Tansley AG (1935) The use and abuse of vegetational concepts 
and terms. Ecology 16:284–307

Tappeiner U, Leitinger G, Zariņa A, Bürgi M (2021) How to 
consider history in landscape ecology: patterns, pro-
cesses, and pathways. Landsc Ecol 36:2317–2328

Thompson WH, Clark G The Surrey Landscape. A., Black C 
(1934) Limited, Surrey, U.K

Thompson WH, Clark G The Dorset Landscape. A., Black C 
(1935) Limited, Dorset, U.K

Tress B, Tress G (2001) Capitalising on multiplicity: a trans-
disciplinary systems approach to landscape research. 
Landsc Urban Plann 57:143–157

Troll C (1939a) Luftbildplan und ökologische Bodenforschung. 
Nummer 7:241–298

Troll C (1939b) Luftbildforschung und Landeskundige 
Forschung. Erdkundliches Wissen. Steiner Verlag, 
Wiesbaden

Troll C (1950a) The geographic landscape and its investigation. 
Studium Generale 4:163–181

Troll C (1950b) Die geographische landschaft und ihre 
Erforschung. In: Bauer KH, Curtius L, v., Einem H et al 
(eds) Studium Generale: Eitschrift für die Einheit der 

Wissenschaften im Zusammenhang ihrer Begriffsbildun-
gen und Forschungsmethoden. Springer, Berlin, Heidel-
berg, pp 163–181

Troll C (1960) The work of Alexander von Humboldt and Carl 
Ritter. A centenary address. The Advancement of Sci-
ence 16:441–452

Troll C (1971) Landscape ecology (geoecology) and biogeoce-
nology—a terminological study. Geoforum 2:43–46

Tuan Y-F (1977) Space and place: the perspective of experi-
ence. Univ. of Minnesota Press, Minneapolis, Minn

Turner MG (1989) Landscape ecology: the effect of pattern on 
process. Annu Rev Ecol Syst 20:171–197

Turner MG (ed) (1991) Quantitative methods in landscape 
ecology: the analysis and interpretation of landscape het-
erogeneity, Nachdr. Springer, New York Heidelberg

Turner MG, Gardner RH, O’Neill RV (2001) Landscape ecol-
ogy in theory and practice: pattern and process. Springer, 
New York

Uhlig H, Lienau C (1972) Die Siedlungen des la ̈ndlichen 
Raumes Rural Settlements – L’Habitat Rural. Material-
ien zur Terminologie der Agrarlandschaft. Lenz Verlag, 
Giessen

United Nations (2012) Sustainable development goals. United 
Nations Conference on Sustainable Development, Rio de 
Janeiro

United Nations (1992) Agenda 21: Programme of action for 
sustainable development; Rio declaration on environ-
ment and development; statement of forest principles; the 
final text of agreements negotiated by governments at the 
United Nations conference on environment and develop-
ment (UNCED), 3–14 June 1992, Rio de Janeiro, Brazil, 
2. Department of Public Information, United Nations, 
New York

United Nations, World Commission on Environment and 
Development (1987) Report of the world commission on 
environment and development: our common future. UN, 
New York

Unwin T, Nash B (1992) Township boundaries: theoretical con-
siderations and analytical implications. The Transforma-
tion of the European Rural Landscape: Methodological 
Issues and Agrarian Change 1770–1914 Tijdschrift van 
de Belg Ver voor Aardrijkskundige Studies LXI:116–127

Urban DL, O’Neill RV, Shugart HH (1987) Landscape ecol-
ogy: a hierarchical perspective can help scientists under-
stand spatial patterns. BioScience 37:119–127

Van Dyke F, Lamb RL (2020) The history and distinctions of 
conservation biology. Conservation biology. Springer 
International Publishing, Cham, pp 1–34

Van Wirdum G (1981) Design for a land ecological survey of 
nature protection. In: de Tsjallingii, V (ed) Perspectives 
in landscape ecology.  Proceedings of the international 
congress of The Netherlands society for landscape ecol-
ogy. Centre for Agricultural Publishing and Documenta-
tion, Wageningen

Viney R (1969) L’Ordonnance forestière de Colbert et les lég-
islateurs de la révolution française. Rev For Fr. https://​
doi.​org/​10.​4267/​2042/​20309

Voigt A (2011) The rise of systems theory in ecology. In: 
Schwarz A, Jax K (eds) Ecology revisited: reflecting 
on concepts, advancing science. Springer Netherlands, 
Dordrecht, pp 183–194

https://doi.org/10.4267/2042/20309
https://doi.org/10.4267/2042/20309


4063Landsc Ecol (2023) 38:4033–4064	

1 3
Vol.: (0123456789)

von Ehrenfels C (1890) Über Gestaltqualitäten. Inform über 
Gestalt 14:249–292

Von Bertalanffy L (1950) An outline of general systems theory. 
Br J Philos Sci 1:134–165

Von Bertalanffy L (1951) General systems theory. A new 
approach to unity of science. Problems of general sys-
tems theory. Hum Biol 23:302–312

Von Bertalanffy L (1972) The history and status of General 
Systems Theory. Acad Manag J 15:407–426

von Carlowitz HC (1713) Sylvicultura oeconomica: Anweisung 
zur wilden Baum-Zucht, Reprint, bearb. von K. Immer 
und A. Kiessling, mit einer Einleitung von U. Grober, 
Freiberg, 2000. Leipzig

Von Ehrenfels C (1937) On gestalt-qualities. Psychol Rev 
44:521–524

von Goethe JW (1996) Goethe on science: a selection of Goe-
the’s writings. Floris Books, Edinburgh

von Goethe JW, Bell M (2018) The essential Goethe. Princeton 
University Press, Princeton

von Humboldt A (1808) Ansichten der Natur. Tübingen, 
Germany

von Humboldt A (1845) Kosmos: Entwurf einer physischen 
Weltbeschreibung. Gotta, Stuttgart, pp 1–5

von Humboldt A, Bonpland A (1805) Essai sur la géographie 
des plantes: accompagné d’un tableau physique des 
régions équinoxiales, fondé sur des mesures exécutées, 
depuis le dixième degré de latitude boréale jusqu’au dix-
ième degré de latitude australe, pendant les années 1799, 
1800, 1801, 1802 et 1803. Chez Levrault, Schoell et 
compagnie, libraires

von Humboldt A, Bonpland A, Jackson ST, Romanowski S 
(2009) Essay on the geography of plants. University of 
Chicago Press, Chicago

von Thünen JH (1826) Der Isolierte Staat in Beziehung auf 
Landwirtschaft. Frederich Perthes, Hamburg

Vos W, Meekes H (1999) Trends in European cultural land-
scape development: perspectives for a sustainable future. 
Landsc Urban Plann 46:3–14

Vranken I, Baudry J, Aubinet M et  al (2015) A review on 
the use of entropy in landscape ecology: heterogeneity, 
unpredictability, scale dependence and their links with 
thermodynamics. Landsc Ecol 30:51–65

Wagemans J (2015) Historical and conceptual background: 
Gestalt theory. Oxford University Press, Oxford

Wascher DM (2005) European landscape character areas: 
typologies, cartography and indicators for the assessment 
of sustainable landscapes. Landscape Europe, Wagenin-
gen, The Netherlands

Waugh FA (1937) Landscape Conservation. United states 
department of the interior, National parks service, emer-
gency conservation training, Washington DC

Weber A (1909) Über den Standort der Industrie. J.C.B. Mohr, 
Tübingen

Wertheimer M (1923) Untersuchungen zur Lehre von der 
Gestalt II. Psycologische Forschung 4:301–350

Westman WE (1977) How much are Nature’s Services Worth? 
Sci 197:960–964

Wiens JA (1992) What is landscape ecology, really?: Editorial 
comment. Landsc Ecol 7:149–150

Wiens JA (2005) Toward a unified landscape ecology. In: 
Wiens JA, Moss MR (eds) Issues and perspectives in 

landscape ecology, 1st edn. Cambridge University Press, 
Cambridge, pp 365–373

Wiens JA, Moss M, Turner MG, Mladenoff DJ (2007) Intro-
duction. In: Wiens JA, Moss M, Turner MG, Mlad-
enoff DJ (eds) Foundation papers in landscape ecology. 
Columbia University Press, New York, pp 1–5

Wiens JA, Moss M, Turner MG, Mladenoff DJ (2007) The 
early antecedents of landscape ecology. In: Wiens JA, 
Moss M, Turner MG, Mladenoff DJ (eds) Foundation 
papers in landscape ecology. Columbia University Press, 
New York, pp 5–10

Wiggering H, Müller K, Werner A, Helming K (2003) The 
concept of multifunctionality in sustainable land devel-
opment. In: Helming K, Wiggering H (eds) Sustainable 
development of multifunctional landscapes. Springer, 
Berlin, Heidelberg, pp 3–18

Wirth E (1969) Zum Problem einer allgemeinen Kulturgeogra-
phie: Raummodelle—kulturgeographische Kräftelehre—
raumrelevante Prozesse—Kategorien. Erde 2:155–193

With KA (2019) Essentials of landscape ecology, first edition. 
Oxford University Press, Oxford, New York

Wood R, Handley J (2001) Landscape dynamics and the man-
agement of change. Landsc Res 26:45–54

Wu J (2010) Landscape of culture and culture of landscape: 
does landscape ecology need culture? Landsc Ecol 
25:1147–1150

Wu J (2013a) Key concepts and research topics in landscape 
ecology revisited: 30 years after the Allerton Park work-
shop. Landsc Ecol 28:1–11

Wu J (2013b) Hierarchy theory: an overview. In: Rozzi R, Pick-
ett STA, Palmer C et al (eds) Linking ecology and ethics 
for a changing world. Springer Netherlands, Dordrecht, 
pp 281–301

Wu J (2013c) Landscape sustainability science: ecosystem 
services and human well-being in changing landscapes. 
Landsc Ecol 28:999–1023

Wu J (2017) Thirty years of landscape ecology (1987–2017): 
retrospects and prospects. Landsc Ecol 32:2225–2239

Wu J (2021) Landscape sustainability science (II): core ques-
tions and key approaches. Landsc Ecol 36:2453–2485

Wu J, Jingle, (2019) Landscape ecology. In: Smith J (ed) Ency-
clopedia of ecology. Elsevier, Amsterdam, pp 527–531

Zadeh LA (1965) Fuzzy sets. Inf Control 8:338–353
Zonneveld IS (1959) De Brabantse Biesbosch: een studie 

van bodem en vegetatie van een zoetwatergetijdendelta 
bestaande uit de drie gedeelten A, B en C /. Stichting 
voor bodemkartering, Wageningen

Zonneveld JIS (1985) Levend land. De geografie van het Ned-
erlandse landschap. Scheltema & Holkema, Utrecht/
Antwerpen/Bohn

Zonneveld IS (1989) The land unit—a fundamental concept 
in landscape ecology, and its applications. Landsc Ecol 
3:67–86

Zonneveld IS (1990) Scope and concepts of landscape ecology 
as an emerging science. In: Zonneveld IS, Forman RTT 
(eds) Changing landscapes: an ecological perspective. 
Springer New York, New York, pp 3–19

Zonneveld IS (1995) Land Ecology. An introduction to land-
scape ecology as a base for land evaluation, land man-
agement and conservation. SPB Academic Publishing, 
Amsterdam



4064	 Landsc Ecol (2023) 38:4033–4064

1 3
Vol:. (1234567890)

Zonneveld IS (2005) The land unit as a black box: a Pandora’s 
box? In: Wiens JA, Moss MR (eds) Issues and perspec-
tives in landscape ecology, 1st edn. Cambridge Univer-
sity Press, Cambridge, pp 331–345

Publisher’s Note  Springer Nature remains neutral with regard 
to jurisdictional claims in published maps and institutional 
affiliations.

Springer Nature or its licensor (e.g. a society or other partner) 
holds exclusive rights to this article under a publishing 
agreement with the author(s) or other rightsholder(s); author 
self-archiving of the accepted manuscript version of this article 
is solely governed by the terms of such publishing agreement 
and applicable law.


	Theories in landscape ecology. An overview of theoretical contributions merging spatial, ecological and social logics in the study of cultural landscapes
	Abstract 
	Context 
	Objectives 
	Methods 
	Results 
	Conclusions 

	Introduction
	Theories addressing cultural landscapes and their significance
	Aims and methodology of the review
	Research questions addressed in the review
	Temporal scope: what time period is covered?
	Thematic scope: focus and limitations

	Some roles of theory in knowledge accumulation within landscape ecology
	What is theory?
	Quality criteria for theories

	Comparing and interpreting theory development in landscape ecology
	Review of theories in landscape ecology
	Group A: theory derived from empirical observation through comparative analysis
	Group B: theory derived from empirical observation designed on the basis of existing general concepts
	Group C: theory derived from comparative analysis organising further empirical observation
	Group D: theory derived from application of existing general concepts in new empirical contexts

	Discussion
	Common characteristics of landscape ecological theories
	Sequences, breaks and continuities of theory development in landscape ecology
	Looking ahead: trends of theory development in landscape ecology

	Conclusions
	References




