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Abstract

Purpose of Review Corridors are widely considered as a strategy to mitigate effects of habitat fragmentation on biodiversity.
There are, however, lingering concerns about whether corridors work as intended and whether managing for connectivity in
fragmented landscapes is even important for biodiversity conservation. In response, numerous manipulative and natural exper-
iments have been conducted to test the effectiveness of corridors. Gilbert-Norton et al. Conserv Biol. 2010;24(3):660-8 (2010)
reviewed such studies published between 1985 and 2008 and concluded that corridors are generally effective at increasing inter-
patch movement. The authors noted a lack of studies measuring responses at the population and community levels, responses that
would better approximate corridor effects on population persistence and aspects of biodiversity. Here I explored what new
insights can be gained on corridor effectiveness from studies published in the last decade, particularly with an eye toward insights
going beyond effects on inter-patch movement.

Recent Findings Following the same selection criteria as Gilbert-Norton et al. Conserv Biol. 2010;24(3):660-8 (2010), I reviewed
studies published between 2008 and 2018 that tested corridor effectiveness by comparing ecological response variables from
patches connected and not connected by corridors. Analysis of effect sizes showed that corridors increase response variables,
reinforcing earlier conclusions that corridors function as intended. Whereas the previous review mainly included corridor effects
on dispersal, recent research shows support for corridor efficacy at a variety of levels of organization, from individuals to
communities.

Summary These findings provide further support for the conclusion that efforts spent creating and maintaining corridors are
worthwhile for biodiversity conservation.

Keywords Corridor experiment - Habitat fragmentation - Conservation - Landscape ecology - Connectivity - Biodiversity

Introduction

The reduction of connectivity from habitat loss and
fragmentation can restrict movement of organisms be-
tween sub-populations, which can result in decreased
gene flow, local extinctions, and loss of biodiversity
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[1, 2]. One method to maintain connectivity is through
the conservation or restoration of landscape corridors,
strips of habitat that connect otherwise isolated habitat
fragments. Despite their intuitive appeal, however, there
are long-standing doubts about whether corridors work
as intended [3-5]. Assessing the effectiveness of corri-
dors is often challenging due to the difficulty of
attaining replication and appropriate controls in land-
scapes to deal with potentially confounding factors like
habitat area and inter-patch distance. Indeed, doubts that
took hold about the effectiveness of corridors were in
part due to a lack of empirical evidence [4, 6]. In re-
sponse, a large number of studies have tested corridor
function, often controlling for confounding factors.
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In a meta-analytic review, Gilbert-Norton et al. [7]
synthesized studies (both manipulative and natural ex-
periments) that tested the efficacy of corridors.
Reviewing studies from 1985 to 2008, the authors found
that: (1) corridors tended to increase movement between
habitat patches, (2) the efficacy of corridors varied
among taxa, and (3) studies with natural corridors
showed greater movement than experimentally manipu-
lated corridors. Given these results, the authors conclud-
ed that corridors generally increase movement in
fragmented landscapes and therefore corridors are a
worthwhile conservation strategy. Gilbert-Norton et al.
[7] made significant progress toward addressing the con-
cern about whether corridors function as intended. In
addition, concerns of possible negative effects of corri-
dors, such as the spread of disturbance, invasive spe-
cies, and disease, were addressed in another meta-
analysis by Haddad et al. [8]. Yet, Gilbert-Norton
et al. [7] also noted that most studies did not test
whether inter-patch movement was sufficient to maintain
population viability. Moreover, few studies examined
population or community level effects. This gap is im-
portant because conservation efforts and debates on the
effects of landscape structure [9, 10] often focus on the
level of populations and communities.

I conducted a meta-analysis on studies testing the effects of
corridors to determine whether the past decade of research
supports the efficacy of corridors and what new insights can
be gained, in particular insights beyond effects on inter-patch
movement.

Methods

I searched for relevant studies on Web of Science (ISI)
using the same search terms used by Gilbert-Norton
et al. [7]: corridor, movement, effectiveness, connectiv-
ity, and habitat connectivity (TS =[corridor AND move-
ment] OR [corridor AND effectiveness] OR [corridor
AND connectivity] OR [corridor AND habitat connec-
tivity]). 1 refined the search results to categories that
could include relevant studies: ecology OR environmen-
tal sciences OR biodiversity conservation OR zoology
OR biology OR behavioral sciences OR soil science
OR entomology OR parasitology OR plant sciences
OR agronomy. Search results were restricted from
2008 to 2018, allowing me to review the literature since
Gilbert-Norton et al. [7]. I also searched the EBSCO
Wildlife & Ecology Studies Worldwide database and
ProQuest for theses and dissertations.
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The Web of Science search resulted in over 1200
results but as in Gilbert-Norton et al. [7], I only includ-
ed studies if they had replicated corridor and control
(unconnected) treatments. Also, as in the previous re-
view, I used the following rules: (1) for studies conduct-
ed over multiple time periods, I used the last time pe-
riod; (2) for studies with multiple types of isolated frag-
ments, I used fragments with a shape that best approx-
imated that of the connected patch; (3) for studies in
which data were presented in multiple publications, I
used the study that provided the clearest comparison
between corridor and control treatments; (4) for studies
testing corridors of different widths or lengths, I used
the narrowest or longest corridor reasoning that these
likely best approximate corridors used in conservation.
Similarly, if a study contained treatments with multiple
corridors, I used the treatment with the fewest connec-
tions. I did not include studies if they were based solely
on modeling. I excluded any studies published in 2008
that were already included in Gilbert-Norton et al. [7]. 1
did not include studies measuring negative interspecific
interactions where effects could be ambiguously
interpreted as positive for one species and negative for
another (e.g., herbivory, [11]). Response variables had
to be biotic and included measures like proportion of
individuals moved, abundance, and species richness. In
cases where multiple closely-related response variables
were reported, I selected the variable that I believed to
be most meaningful.

For each response variable, 1 calculated the effect
size d, sometimes referred to as the standardized mean
difference or Hedges’ d [12], as in Gilbert-Norton et al.
[7]. Values of d>0 indicate positive effects of corridor
treatments compared to unconnected control treatments
on ecological response variables. For further interpreta-
tion of effect sizes, I use the convention of referring to
effect sizes of d=0.2 as small, d=0.5 as medium, and
d=0.8 as large [13]. The calculation of 4 uses the
mean, standard deviation, and sample sizes for
corridor-connected and unconnected control groups. In
most cases, I was able to extract these values (or data
from which these values can be calculated) from the
text or figures (using WebPlotDigitizer; https://
automeris.io/WebPlotDigitizer/) in the paper or by
contacting the corresponding author. I was not able to
include five studies which did not include the necessary
information and for which authors did not respond to
requests for data or the values necessary to calculate d.
As in Gilbert-Norton et al. [7], I noted variables of
interest for each study. These were: taxon (invertebrates,
birds, non-avian vertebrates, and plants); whether studies
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controlled for area; whether studies controlled for dis-
tance between source and recipient patches; whether
studies were manipulative (corridors were created for
the experiment) or natural experiments (corridors al-
ready present, and if created by humans, not for the
purposes of the experiment), and finally whether studies
were done at the Savannah River Site Corridor
Experiment (South Carolina, USA), a site where many
studies meeting the previously stated criteria have been
done. I also recorded the level of organization of each
response variable as movement, genetic, individual fit-
ness, population, or community.

I analyzed the data using the function
“metahdep. HBLM?”, hierarchical Bayes linear models
allowing for hierarchical dependence, in the R package
“metahdep” like in [14], Gilbert-Norton et al. [7].
Gilbert-Norton et al. [7] controlled for sampling depen-
dence which can occur when one control group is com-
pared to multiple experimental groups and hierarchical
dependence which can occur when many response vari-
ables are measured as a part of a single study. I assumed
independence in specifying the model’s dependence struc-
ture because all studies analyzed included only a single
experimental treatment and most studies had one associ-
ated response variable. Differences in effect sizes within
studies measuring multiple response variables did not dif-
fer from differences among studies measuring single re-
sponse variables (0.86+0.85 SD and 1.03+0.78 SD re-
spectively; Welch 2 sample test: 1=—1.56, df=112.85,
P=0.12). I checked that effect sizes conformed to a nor-
mal distribution using a Kolmogorov—Smirnov test. I
checked that there was not problematic evidence of po-
tential publication bias graphically with a funnel plot and
with a normal quantile plot (Wang and Bushman 1998).

Results

The number of publications from the Web of Science
search in the last decade was more than twice those of
the previous two decades combined. However, the num-
ber of publications that tested the efficacy of corridors
in a way that met the criteria for inclusion similar in
number to those in Gilbert-Norton et al. [7], 32 here
compared to 35 publications for Gilbert-Norton et al.
[7]. From these 32 studies, I calculated 56 effect sizes
compared to 78 in Gilbert-Norton et al. [7] (Fig. la;
Appendix Table 1). There were 30 response variables
for invertebrates, 13 for non-avian vertebrates (only
mammals), 7 for birds, and 6 for plants. There were
11 response variables from 10 papers that examined
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Fig. 1) Effect size (d) summaries for studies assessing corridor
effectiveness. Values of d >0 indicate positive effects of corridor
treatments on ecological response variables compared to unconnected
control treatments. The dashed vertical lines demarcate d =0. The top
panel (A) is a histogram representing the 56 d values from this meta-
analysis. The bottom panel (B) shows estimates of d from meta-analysis
models for different levels of organization as well as for all levels of
organization combined (“overall”) in filled gray dots. Error bars
represent £ SE values from meta-analysis models. Note that the
“genetic” category has no error bars because there is a single value of d
associated with it. Colored dots represent corresponding individual d
values with colors representing taxonomic groups. These dots are
jittered along the y-axis to reduce overlap. Vertical gray lines indicate
benchmarks of small (d =0.2), medium (d =0.5), and large (d =0.8)
effect sizes [13]

movement [16, 20, 23, 27, 28, 32, 37, 39-41], 1 re-
sponse variable from 1 paper that examined population
genetics [45], 4 response variables from 4 papers that
examined fitness of individuals [18, 24, 25, 29], 26
response variables from 10 papers that were at the pop-
ulation level [17, 19, 22, 26, 29-31, 42, 43, 46], and 14
responses from 12 papers that were at the community
level [15, 21, 26, 31, 33-36, 38, 42, 44, 46] (Appendix
Table 1). Manipulated corridors were used to generate
29% of these response variables while natural corridors
were used in 71%. Most studies controlled for distance
(89%) and area (82%) ecither experimentally or in site
selection. Most responses (88%) did not come from the
Savannah River Site Corridor Experiment.
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Across all types of response variables, corridors showed an
overall positive effect of medium strength (d=0.49,
P <0.001; Fig 1b). For comparison, the mean value of d for
Gilbert-Norton et al. [7] was 0.48. Mean d values for all levels
of organization (movement, genetic, fitness, population, and
community) were positive (Fig. 1b). For the movement level,
d was medium-large (d=0.74, P<0.001). For the genetic
level, d was large (d =1.09) but there was only one value of
d. For the fitness level, d was medium-large (d=0.77, P=
0.01). For the population level response variables, d was me-
dium (d=0.46, P<0.001). For the community level, d was
small (d=0.19, P=0.002).

Discussion

Results from this meta-analysis reinforce finding that corri-
dors are effective at increasing movement and further extend
those conclusions by showing positive effects at a variety of
levels of organization, including at the organizational levels of
populations and communities. These levels were previously
deficiently represented in Gilbert-Norton et al.’s meta-analysis
and are more closely aligned with those of conservation goals
[47].

While results show that corridors were generally effec-
tive, they were not universally effective across studies
(e.g., [30, 33, 34] (Fig. 1). Species vary in how they
use landscapes and consequently how they respond to
fragmentation and corridors [48]. Appropriate tests of
corridor effectiveness require appropriate consideration
of life history of study organisms and spatial and tempo-
ral scale. Most studies reviewed here were surely de-
signed using prior knowledge or intuition about organ-
isms’ responses to landscape structure. At the community
level, species richness was usually the response variable.
Variation in responses to fragmentation among constitu-
ent species in species pools may account for the small
effect size. That is, species may respond to corridors, but
if winners are balanced by losers, then net richness may
change little. This is more generally an important consid-
eration in assessments of fragmentation or connectivity
effects that consider only species richness [10].
Moreover, timescales could be an important consideration
as effects of fragmentation and connectivity can increase
with time [2, 49]. Studies reviewed here, as in Gilbert-
Norton et al. [7], tended to be short in duration and small
in spatial scale compared to typical management activi-
ties for biodiversity conservation. Manipulative experi-
ments that are long-term and at the scale of management
activities offer unique opportunities to control confound-
ing variables while having high real-world applicability,
however, they face strong logistical limitations and so are
rare [2, 50, 51].
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While manipulative experiments or carefully designed ob-
servational studies like those reviewed here offer powerful
ways to test the effectiveness of corridors by controlling for
confounding factors, other approaches, such as mapping hab-
itat connectivity, simulation studies, animal movement analy-
sis, and behavioral studies can be used to gain system-specific
insight as well as contribute to general understanding on ef-
fectiveness of corridors. For example, Fletcher et al. [52]
broadly reviewed the literature on effects of landscape con-
nectivity and found that, similarly to here, effects of connec-
tivity are frequently observed across levels of organization
and are usually positive.

Overall, these findings suggest that to best conserve biodi-
versity, we need to not only conserve what remains of frag-
ments but conserve and restore their connectivity. This review
also points to areas where tests of corridor function were
sparse which could guide future studies. As stated previously,
studies conducted over large spatial and long temporal scales
remain rare but are particularly valuable. While studies at the
population and community levels increased in representation,
few studies measured responses beyond abundance and spe-
cies richness to better assess whether corridors reduce extinc-
tion risk. There was a surprising lack of studies that tested for
effects on gene flow or genetic diversity. There are often mis-
matches between foci of ecological studies on fragmentation
and issues of interest to conservation practitioners, for exam-
ple, community-based human dimensions, ecosystem ser-
vices, and interactions of multiple threats to biodiversity
[50]. Some of these echo emerging foci for studying fragmen-
tation [2]. Development of research (particularly in co-
production with conservation practitioners) in these areas will
increase understanding in ecology and in applications for con-
servation. In closing, current interest in the ecology of corri-
dors in strong; future studies will help reveal mechanisms and
contexts for understanding how biodiversity responds to land-
scape change [9, 10] and allow for increasingly nuanced
synthesis.
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