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Abstract: In this work, we analyzed the temporal trends of nine selected key terms used in the
habitat fragmentation arena, quantifying their number (and frequency) of recurrence on Web of
Science from 1960 to 2020. The most used key (focal) terms (“stepping stones”, “habitat corridors”,
“landscape connectivity”), showed a progressive increase from 1981 to 2020, with “landscape con-
nectivity” showing the highest increase in frequency in the last decade (2011–2020). Among the key
secondary terms (recurring < 5%), although “corridors”, “continuity”, and “contiguity” showed a
slight growth over the decades, “connectivity conservation” showed the most significant increase.
This last landscape-related term recently replaced other local-scale concepts (as “stepping stones” and
“corridors”) as a consequence of a change of perspective. Conversely, “ecological network planning”,
used in landscape planning and less in conservation biology, showed a comparable fewer recurrence.
This gap in recurrences could be due to a bias in our research approach, as Web of Science is a search
engine that does not intercept grey literature (as plans and reports) drawn up by Public Agencies
which rarely appears in scientific journals.

Keywords: conservation biology; connectivity conservation; ecological network planning; landscape
planning; wildlife management

1. Introduction

The awareness that habitat fragmentation (hereafter, HF, i.e., the breaking up of larger
areas of natural land cover into smaller, more isolated patches, independent of a change
in the total area of natural land cover) is a process disrupting the structure and dynamics
of species and ecosystems at different scales that had emerged already in the 1950s with
the seminal book “The Man’s Role” [1]. Since the 1970s, the evidence that this landscape-
scale process may improve the insularization of remnant ecosystems led to the use of
theories and approaches of insular biogeography, applying them to the mainland [2]. In
the 1980s, Conservation Biology established itself as a scientific discipline [3] and HF was
included among the anthropogenic threats capable of irreversibly impacting environmental
components, for example, by initiating large-scale extinction processes of species with
cascade effects at a higher (e.g., community) level (e.g., [4–7]). The first studies focused
mainly on the response of species to HF in both temperate (e.g., [8]) and tropical (e.g., [9])
landscapes and on the need to mitigate the effects of this process. In this phase, specific
concepts have been introduced, for example, the key term “corridor” (e.g., [10,11]). In
this decade, a large amount of research highlighted HF as a process with species-specific
effects at different spatial/temporal scales and hierarchical levels (form individuals, to
populations, to communities and ecosystems processes) [8].
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This conservation topic exploded in the 1990s when brainstorming started between
researchers and planners led to the definition of operational defragmentation strategies
aimed at mitigating the effects of this process: in this regard, new concepts have been
developed such as “landscape connectivity”, i.e., “the degree to which the landscape
facilitates or impedes movement of individuals or propagules among resource patches”,
demonstrating that minimizing the effects of isolation by enhancing landscape connectivity
is one way to counter the adverse effects of HF (e.g., [12]). All these new key terms became
part of the topic-specific language in many disciplines (landscape ecology: [13]; landscape
and urban planning: [14]; wildlife management: [15]; conservation biology: [16]).

However, the use of these key terms in different disciplines, often not clearly defined,
lead to misunderstanding and linguistic and semantic uncertainty. To overcome this, in
1999 the IUCN produced a monographic work on landscape linkages [17] which contained
a review of the new key concepts that in recent years were emerging in the HF arena,
to standardize the new language. Therefore, following a problem-solving approach [18],
(i) the conservation problem (due to HF) was identified, (ii) solutions were developed, and
(iii) planning and project strategies started. In this way, the new key concepts of “stepping
stones”, “habitat corridors”, “landscape connectivity”, “landscape continuity”, “landscape
contiguity”, “habitat linkages”, “landscape linkages” were specified and entered in the
languages of landscape planning and conservation biology. In particular, some terms (such
as “stepping stones”, “habitat corridors”, “habitat linkages”) focused attention on single
habitat patches in the landscape (local scale), and others (as “landscape connectivity”,
“landscape continuity” and “landscape contiguity”) focused on processes at the landscape
scale. In this regard, in the 1990s, conservation strategies aimed to mitigate the HF should
focus not on the patch scale but at the landscape level [19].

Furthermore, two key concepts emerged in the 1990s linked to defragmentation
strategies (i.e., “connectivity conservation” and “ecological network planning”) belonging
to two very different sectors: the first belonging to the arena of conservation biology, the
second belonging to the landscape and urban planning. While the first relates to the strictly
biological arena (producing scientific literature, registered on search engines), the second
concerns an urban planning disciplinary arena that prefers the drafting of technical plans
and reports for Public Agencies with scant use of the scientific literature.

This gap between conservation researchers and landscape planners has been high-
lighted [20] also in the HF arena [21].

In this work, we aimed at describing the temporal trends of the different terms used
in the HF arena, quantifying their number (and frequency) of recurrences to obtain data on
use in the decades from 1960 to 2020. In particular, we hypothesize (i) use of the key terms
related to the larger landscape scale in recent years due to a change in perspective: from
patch/corridor in the 1980s to the landscape scale in the 1990s (e.g., [22]), and (ii) more
frequent recurrence of the term “connectivity conservation” rather than “ecological network
planning” in the scientific research web search engine, given that the use of these terms
pertains to different disciplinary arenas (scientific/biological vs. urban planning ones,
respectively; see [23]). We believe that knowing the temporal trends of the different terms
used in the HF-related disciplines can contribute to the search for terminological standards,
favoring the disciplinary exchange between the conservation vs. planning arenas. Although
analogous reviews in this regard are available (e.g., [24]), to our knowledge this is the first
review comparing the use of different HF-related terms on such a long time range.

2. Materials and Methods

First, we selected a number of key terms (“stepping stones”, “habitat corridors”, “land-
scape connectivity”, “landscape continuity”, “landscape contiguity”, “habitat linkages”,
“landscape linkages”, “connectivity conservation”, “ecological network planning”), largely
used in HF disciplinary arena. We defined each one of these key terms as follows:
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• “stepping stones”: One or more separate patches of habitat in the intervening space
between ecological isolates, that provide resources and refuge that assist animals to
move through the landscape [17];

• “habitat corridors”: A linear strip of habitat that provides a continuous (or near
continuous) pathway between two patches. This term has no implications about its
relative use by animals [10,11,17];

• “landscape connectivity”: the process aimed to counter the adverse effects of HF;
landscape connectivity depends on the availability and arrangement of suitable habi-
tats [12,13];

• “landscape continuity”: the ability to allow the dynamics of species and individuals:
two habitat patches are continuous if they allow the dispersion of individuals or
propagules between patches [17];

• “landscape contiguity”: the physical component of the landscape connectivity; two
habitat patches are contiguous if they are adjacent to each other [17];

• “habitat linkages”: an arrangement of habitats (not necessarily linear or continuous)
at a local scale that enhances the movement of animals and plant propagules [17];

• “landscape linkages”: an arrangement of habitats (not necessarily linear or continu-
ous) at the landscape scale that enhances the movement of animals and plant propag-
ules [17];

• “connectivity conservation”: the action of individuals, communities, institutions, and
businesses to maintain, enhance, and restore ecological flows, species movement, and
dynamic processes across intact and fragmented environments [23];

• “ecological network planning”: an interconnected system of habitats whose biodiver-
sity needs to be safeguarded. The geometry of the network has a structure based on
the recognition of core areas, buffer zones and corridors that allow the exchange of
individuals to reduce the extinction risk of local populations [14,23].

After the selection of key terms, we searched for the recurrences of them using a
custom search (for instance, dates going from 1 January 1960 to 31 December 1970) on the
‘Web of Science’ search engine. The literature search was conducted divided into 6 time
periods (decades): 1960–1970, 1971–1980, 1981–1990, 1991–2000, 2001–2010, 2011–2020. The
methodological steps for our review are reported in the conceptual framework in Figure 1.

Figure 1. Conceptual framework reporting the methodological steps adopted in this review.
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To obtain data both on absolute and relative trends, for each key term, we calculated
both the number of recurrences/decades and their frequency on the total of items. We
graphically reported the temporal trends for decades, subdividing the most used key terms
(named, focal terms) by the others (named, secondary terms).

We performed an χ2 test to compare the frequencies among decades and between key
words, using the PAST software [25]. The alpha level was set at 0.05.

3. Results

In total, we obtained 4029 recurrences on the Web of Science from 1981 to 2020 (no
recurrence was obtained for the two decades from 1960 to 1980, see Table 1). The most used
key terms (i.e., focal terms) were “stepping stones” (n = 1833, 45.5%), “habitat corridors”
(n = 1656, 41.1%), and “landscape connectivity” (n = 265, 6.6%). The other key secondary
terms (“landscape continuity”, “landscape contiguity”, “habitat linkages”, “landscape
linkages”, “habitat linkages”, “connectivity conservation”, “ecological network planning”)
each showed a recurrence <5%.

Table 1. Recurrences of habitat fragmentation-related (focal and secondary) terms in Web of Science
in the time range 1960–2020 (n: number of recurrences and fr: relative frequency).

Focal Key Terms Secondary Key Terms

Stepping
Stones

Habitat
Corridors

Landscape
Connectivity

Landscape
Continuity

Landscape
Contiguity

Habitat
Linkages

Landscape
Linkages

Connectivity
Conservation

Ecological
Network
Planning

Decades n fr n fr n fr n fr n fr n fr n fr n fr n fr

1960–1970 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1971–1980 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1981–1990 17 0.010 1 0.004 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1991–2000 128 0.077 31 0.117 38 0.021 2 0.1 1 0.333 4 0.05 20 0.270 0 0 0 0
2001–2010 413 0.249 92 0.347 349 0.190 4 0.2 0 0 32 0.4 34 0.459 3 0.037 5 0.294
2011–2020 1098 0.663 141 0.532 1446 0.789 14 0.7 2 0.667 44 0.55 20 0.270 78 0.963 12 0.706

Total 1656 265 1833 20 3 80 74 81 17

Among the focal key terms, we observed a progressive increase in the use of “stepping
stones”, “habitat corridors”, and “landscape connectivity” from 1981 to 2020, with the most
marked trends recorded for “landscape connectivity” and for “stepping stones”, with a
significant increase in the last decade (2011–2020; respectively, χ2 = 1313.6, and χ2 = 571.08,
both of them: p < 0.001; Figure 2).

However, considering the frequency of use over the decades it emerges that, among
the focal key terms, “stepping stones” was progressively less recurrent from 1980 to
today (χ2 = 70.81, p < 0.001), “habitat corridors” was significantly more used in the
1990s (χ2 = 53.995, p < 0.001), and finally the higher increase was observed in “landscape
connectivity” (χ2 = 55.201, p < 0.001; Figure 3).

Differently from the focal terms, the secondary ones showed heterogeneous trends
starting from the 1990s (Figure 4).

Except for “landscape linkage”, which showed a progressive decline, all the other
terms showed a progressive incremental trend. Among these, the concept of “connectivity
conservation” showed the most markedly significant increase (χ2 = 57.97, p < 0.001), estab-
lishing itself as the most used in the last decade. Therefore, we observed a clear turnover,
with the replacement of the concept of “landscape linkages”, widely used in the 1990s, with
that of “connectivity conservation”. The concept of “ecological network planning”, which
appears in the early 2000s in the scientific literature, showed, however, a low frequency of
recurrences in recent decades (Figure 5).
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Figure 2. Key focal terms in the habitat fragmentation disciplinary arena. Trends in number of
recurrences (y-axis) from 1981 to 2020.

Figure 3. Percentage frequency of recurrence (y-axis) for the key focal terms from 1981 to 2020.
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Figure 4. Secondary key terms in the habitat fragmentation disciplinary arena. Trends in number of
recurrences (y-axis) from 1991 to 2020.

Figure 5. Percentage frequency of recurrence (y-axis) for the secondary focal terms from 1991 to 2020.
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4. Discussion

Although the key terms “corridors”, “continuity”, “contiguity” showed slight growth
over the decades, we obtained evidence of progressively more marked use of the concept
of “landscape connectivity” in the scientific literature. This last term (pertaining to the
landscape scale) recently replaced other key concepts more effectively at a local scale
(such as “stepping stones”, “corridors”) as a consequence of a change of perspective in
conservation and landscape planning [19,23]. Indeed, in the 1990s, scientists and planners in
the HF arena focused attention on the landscape scale where strategic ecological processes
act, such as the metapopulation dynamics, reducing their effort at a local/patch scale [26].
All the actions of de-fragmentation (i.e., all the conservation measures aimed to promote
the “landscape connectivity”) also follow this trend (from local patterns to landscape
processes; [27]). Therefore, the first hypothesis (i.e., that the use of the key concepts related
to the larger landscape scale increase in recent years) was confirmed.

Regarding the key terms related to two main strategies contrasting the effects of HF
on biodiversity, we observed that “connectivity conservation”, a key term largely used in
biological conservation [28], has been consolidated over the last decade both in an absolute
and relative sense [29,30], also with the advent of landscape ecology as a science [31,32].

Conversely, “ecological network planning”, used in landscape and urban planning
(e.g., [33]), showed a comparably lower recurrence. However, as hypothesized, we suppose
that this gap in recurrences could be due to a bias in our research approach. Indeed, Web
of Science is a search engine that looks for scientific research and does not intercept grey
literature (e.g., ecological network plans and reports) drawn up by Public Agencies which
rarely appears in indexed scientific journals. The logic of the two approaches (connectivity
conservation projects vs. ecological network plans) is different, as highlighted by Boitani
et al. [34]: while in the connectivity conservation the actions follow a project logic (with
monitoring of the effectiveness of the actions, see [35]) and using indicators at the species
level (as focal species, see [36–38]), in the ecological network planning, land planners focus
their effort to design the use of the territory putting in mind the HF process, but they rarely
provide for monitoring a plan’s effectiveness [39,40]).

The defragmentation and connectivity strategies, designed to mitigate the effects of
HF on ecosystems, might be implemented in real and complex socio-ecological contexts.
These strategies could lead to conflicts between the needs of the human population (social
and economic systems) and the need for conservation targets (i.e., ecological components).
Therefore, they increasingly needed to be launched by mutual agreement with Public
Agencies, stakeholders, land use planners and biological scientists [39,41]. This interdis-
ciplinarity has led to the use of different terminology between disciplinary arenas. The
need to integrate these two key terms therefore emerged when, operationally, actions in
connectivity conservation and ecological network planning are carried out [42–48].

Our data show a progressively more marked use of the concept of connectivity in
recent decades and the progressive abandonment of other concepts. Furthermore, they
noted a progressive affirmation of connectivity conservation as an operational strategy on a
landscape and regional scale designed to mitigate the effects of HF on species, communities,
and ecosystems. Since semantic uncertainty generates barriers and misunderstandings with
implications on operational actions [49], we believe that these indications may be useful
to conservation biologists who should standardize their terminology. Furthermore, the
transdisciplinary dialogue between conservation biologists and landscape planners should
increase. Those who work on ecological network planning should use the terminology and
logic adopted in connectivity conservation, as well as publish the evidence in scientific journals
in order to reduce the transdisciplinary knowledge gap, already pointed out by [50].

However, our study shows some limitations. First, although Web of Science does not
contain any relevant records on our selected targets, the issue of HF has been discussed
by many pioneering studies using comparable terms (island biogeography applied to
conservation, SLOSS—Single Large or Several Small debates for nature reserves [2,51–53]).
Second, the search engine (i.e., Web of Science) showed limitations such as that not being
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able to intercept grey literature and papers without a DOI. Much of the grey literature
in ecological network planning is not published (i) because the government agencies
that do planning do not consider scientific publication as a project output (they publish
reports and territorial plans), (ii) and because landscape planning actions do not follow
the formal scientific approach (hypothesis testing), not monitoring the effectiveness in
increasing connectivity by species (see [34]). This gap should be bridged by stimulating
planners working in ecological networks (i) to put testable hypotheses in their plans
through monitorable actions and (ii) to publish in scientific journals. Finally, regarding
semantic ambiguity, our research did not investigate the semantic differences in the meaning
attributed to each individual concept. For example, the concept of connectivity, in addition
to its conceptual meaning, has also taken a quantitative meaning since the early decades of
2000, linked to its use as a quantitative index (for example in GIS analyses [54,55]). This
aspect will deserve further study in the future.

Our survey aimed to define a general framework in the use of the different terminology
over a very long period, without using specific variables at a single publication level and
without a focus at a single species level or for different geographical areas. Therefore,
further in-depth studies will be able to test whether the patterns of terminological use
observed at a general level are the same for different biological groups and for different
geographical contexts, also using multivariate approaches.
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