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Landscape connectivity strengthens local–regional richness
relationships in successional plant communities
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Abstract. Local species diversity is maintained over ecological time by a balance between
dispersal and species interactions. Local–regional species richness relationships are often used
to investigate the relative importance of these two processes and the scales at which they
operate. For communities undergoing succession, theory predicts a temporal progression in
local–regional species richness relationships: from no relationship to positive linear to
saturating. However, observational tests have been mixed, and experiments have been rare.
Using a replicated large-scale experiment, we evaluate the impact of two dispersal-governing
processes at the regional scale, connectivity and shape of the region (i.e., patches), on the
progression of local–regional species richness relationships for plant communities undergoing
succession. Regional connectivity accelerates the transition from no relationship to a positive
linear relationship, while the shape of the region has no consistent effect nine years postdisturbance. Our results experimentally demonstrate the importance of dispersal in structuring
local–regional species richness relationships over time and suggest that conservation corridors
among regions can increase local diversity through regional enrichment of plant communities
undergoing reassembly.
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INTRODUCTION
The maintenance of local species diversity over
ecological time is determined by the balance of dispersal
and species interactions (e.g., competition; Leibold et al.
2004). Local–regional species richness (LSR–RSR)
relationships are often used to evaluate the relative
importance of local interactions vs. dispersal from a
‘‘regional’’ species pool for local species diversity (e.g.,
Terborgh and Faaborg 1980, Cornell and Lawton 1992,
Lawton 1999, Ricklefs 2000, Harrison and Cornell
2008). If species interactions are relatively more important, then increased dispersal from the regional pool
does not lead to greater local richness and the LSR–RSR
relationship saturates and becomes curvilinear (i.e.,
slopes of the local and regional species–area relationships are similar; Cornell and Lawton 1992, Ricklefs
2000, Shurin and Srivastava 2005). On the other hand, if
dispersal from the regional pool is more important, then
local species richness proportionally samples from
regional species richness resulting in a positive linear
relationship (i.e., slopes of the local and regional
species–area relationships are not similar; Cornell and
Lawton 1992, Ricklefs 2000, Shurin and Srivastava
2005).
Human-induced global changes, such as habitat
fragmentation, are affecting the balance between disManuscript received 4 October 2011; accepted 22 November
2011. Corresponding Editor: M. C. Wimberly.
3
E-mail: damschen@wisc.edu
704

persal and species interactions, which can alter diversity
patterns and appropriate conservation actions. For
example, local sites may become more isolated from
one another or become colonized by a dominant species,
resulting in decreased local species richness. Regions
may also become smaller and more disconnected,
leading to subsequent declines in local species richness.
Other studies have shown the importance of ‘‘regional
enrichment’’ (i.e., regions that are better connected or
closer to areas of high diversity) in generating higher
local species richness (e.g., Cornell et al. 2008). Habitat
fragmentation may instead result in ‘‘regional disintegration’’ (i.e., regions that are less connected or farther
away from areas of high diversity) leading to decreased
local species richness.
In addition, natural landscapes are themselves dynamic, with local communities continually being inﬂuenced by disturbance (Pickett and White 1985). The
pervasive roles of disturbance and succession for
community assembly suggest that temporal dynamics
may play a key role in observed LSR–RSR relationships. Theoretical work (Mouquet et al. 2003) and a
handful of empirical studies (Munguia 2004, Starzomski
et al. 2008, Belote et al. 2009, Canning-Clode et al. 2009)
have also suggested successional dynamics can impact
LSR–RSR relationships, due to the decoupling of
dispersal and competition by local disturbances. Theory
predicts that initially after a disturbance, competitive
dynamics become disrupted locally and that ensuing
colonization from the regional species pool occurs at
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FIG. 1. Locations within the Savannah River Site (SRS) of six experimental landscapes (white dots within gray area). Each
experimental landscape consists of ﬁve patches of open habitat within a matrix of mature pine forest. Regional (13 700 m2) richness
was determined for one connected, one unconnected winged, and one unconnected rectangular patch per experimental landscape
(black regions). Local (1 m2) richness was measured in plots in patch centers (small white squares; not to scale).

Canning-Clode et al. 2009) or have manipulated both
local and regional richness in mesocosm experiments
(Starzomski et al. 2008). At larger scales, there has been
only one landscape experimental test of successional
LSR–RSR relationships, to our knowledge, which was
conducted within a timber harvesting study (Belote et al.
2009). All of these experimental tests have demonstrated
that LSR–RSR relationships can be altered by disturbance and succession (Munguia 2004, Starzomski et al.
2008, Belote et al. 2009, Canning-Clode et al. 2009) and
that species’ dispersal ability can play an important role
in affecting these dynamics (Munguia 2004, CanningClode et al. 2009). However, there have been no
landscape-level experimental tests that have explicitly
manipulated regional connectivity to test its effects on
local–regional richness relationships at large scales or in
communities undergoing succession. Such a study would
provide insight into the relative importance of local and
regional processes for determining community diversity
over time within natural ﬁeld conditions and under more
realistic scales for global change scenarios.
Here, we examine LSR–RSR relationships over time
in experimental landscapes, where we explicitly manipulate connectivity among regions, using six years of
plant community data that span across a decade of
succession from one of the world’s best-replicated largescale habitat fragmentation experiments (Fig. 1; see also
Debinski and Holt 2000). This experiment also allows us
to evaluate how a particular conservation action—
habitat corridors (i.e., a strip of habitat connecting two
habitat fragments)—affects LSR–RSR relationships
over time. Speciﬁcally, we compared LSR–RSR relationships in regions (i.e., experimental patches; Fig. 1)
connected by corridors to relationships in unconnected
patches with similar edge-to-area ratios, which control
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random, leading to no initial relationship between local
and regional richness (Mouquet et al. 2003). After these
initial dynamics, dispersal from the regional species pool
inﬂuences local species richness patterns, elevating local
richness in richer regions, and resulting in an unsaturated LSR–RSR relationship. Eventually, species interactions such as competition limit local species richness,
resulting in a saturating LSR–RSR relationship.
The utility of using LSR–RSR relationships to
separate the relative importance of dispersal and species
interactions has been discussed extensively in the
literature (e.g., Caley and Schluter 1997, Srivastava
1999, Hillebrand and Blenckner 2002, Shurin and
Srivastava 2005). Experimental tests of LSR–RSR
relationships offer the potential to decipher process
from pattern. Unlike observational studies, they can
explicitly control for (1) the size of the regional species
pool, which otherwise may be confounded with area
(e.g., Rosenzweig 1995, Srivastava 1999, Hillebrand and
Blenckner 2002, He et al. 2005), (2) the length of time
communities have been assembled since the last disturbance (Caswell and Cohen 1995, Hillebrand and
Blenckner 2002, Mouquet et al. 2003), and (3) the
underlying mechanisms affecting regional richness, such
as regional connectivity (Karlson and Cornell 1998,
Harrison and Cornell 2008). Unfortunately, such
experiments are rare.
In particular, landscape-level experimental tests of
how successional dynamics alter LSR–RSR relationships are challenging because locations and regions must
be manipulated over large spatial scales and long time
periods relative to the organisms of interest. To date, the
best experimental tests have come from studies that have
either manipulated local communities within naturally
varying regional species pool sizes (Munguia 2004,
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FIG. 2. Conceptual framework (after Mouquet et al. 2003) for how experimental patch types (connected, unconnected winged,
unconnected rectangular) affect development of local–regional species richness (LSR–RSR) relationships. Assembly time is
accelerated though regional enrichment via increased dispersal due to connectivity and patch shape. Communities are predicted to
assemble most quickly in connected patches that manipulate connectivity and patch shape, followed by unconnected winged
patches that manipulate patch shape. Insets show untransformed LSR–RSR relationships for early, intermediate, and late assembly
points (from left to right): no relationship, positive linear, and curvilinear.

for patch shape and isolate the impact of structural
connectivity. We deﬁne ‘‘regions’’ at the patch level in
order to experimentally control the degree of connectivity (see Methods). Additionally, we compared LSR–
RSR relationships in unconnected patches with varied
edge-to-area ratios, which isolate the impact that patch
shape may have on LSR–RSR relationships during
corridor implementation. The latter is of particular
importance because patches in fragmented landscapes
generally contain high edge-to-area ratios (Ries et al.
2004). We have found in past studies that connectivity
increases regional species richness (Damschen et al.
2006), providing a unique opportunity to evaluate
whether this leads to changes in local species richness
(i.e., 1 3 1 m plots) through regional enrichment
(Karlson and Cornell 2002, Cornell et al. 2008) and, if
so, whether dispersal or species interactions are responsible for the effects over successional time.
We predicted that corridors would accelerate the
progression of the LSR–RSR relationships during
succession from no relationship to a positive linear
relationship to a saturating curvilinear relationship (Fig.
2) by increasing dispersal rates among regions (i.e.,
patches), expediting colonization of local habitats from
the regional species pool through regional enrichment.
Our prediction follows from well-documented effects of
corridors on dispersal (Gilbert-Norton et al. 2010),
including in our landscapes (Haddad et al. 2003).
Furthermore, we predicted that corridors would increase
dispersal among regions by two mechanisms: by
increasing connectivity and by altering patch shape
(i.e., the edge-to-area ratio; Damschen et al. 2008).
Regional species pools in connected patches would
increase most rapidly due to effects of both connectivity
and patch shape, and intermediately in unconnected
patches with high edge-to-area ratios (i.e., ‘‘winged
patches’’) due to effects of patch shape alone (Fig. 2).
Local communities within these regions would subsequently draw from these enriched regional species pools

and assemble most quickly. Following site creation and
associated soil disturbances, connected patches would
therefore progress most rapidly from showing no LSR–
RSR relationship, to an unsaturated relationship, to a
saturated curvilinear relationship. Conversely, unconnected patches with a low edge-to-area ratio (‘‘rectangular patches’’) would demonstrate this progression
most slowly, as a result of these patches having the
lowest levels of regional enrichment (Fig. 2).
METHODS
Experimental design
We conducted this study at the Savannah River Site,
South Carolina, USA (33.208 N, 81.408 W), within an
experiment designed to test for the effects of corridors.
Each landscape consisted of ﬁve ;1-ha patches of open
habitat (see Plate 1). A central 100 3 100 m patch was
surrounded by four peripheral patches, which were each
150 m away (Fig. 1). One peripheral patch, the
connected patch, was also 100 3 100 m and connected
to the central patch by a 150 3 25 m corridor of the same
open habitat. The remaining three peripheral patches
were isolated by 150 m of dense pine plantation and
were of two types. Unconnected winged patches were
100 3 100 m with two 75 3 25 m projections of open
habitat on either side of the patch. Unconnected
rectangular patches were 100 3 137.5 m and oriented
with the long axis pointing away from the central patch.
All three peripheral patch types were of equal area, but
differed in their shapes and level of connectivity.
Comparisons between connected and unconnected
winged patches test for how corridors function by
altering connectivity, while controlling for changes in
patch shape, as these two patch types had a similar edgeto-area ratio (e.g., shape). Comparisons between unconnected winged and unconnected rectangular patches test
for how corridors function by altering patch shape, as
these two patch types were equally isolated from the
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PLATE 1. Local plant communities (left) within regions (right) that are deﬁned by experimental patches. Photo credits: (left)
Nick Haddad and (right) E. L. Damschen.

central patch, but differed in their edge-to-area ratio (see
Tewksbury et al. 2002 and Damschen et al. 2006 for
additional information on the study design).
Plant communities and disturbance regime

Scale of local and regional communities
Local scales have typically been deﬁned as the spatial
scales at which ecological processes, such as species
interactions and abiotic ﬂuctuations or disturbance,
predominate (Cornell and Lawton 1992). Regional
scales have been deﬁned as the spatial scales at which
biogeographic processes such as long-distance dispersal,
speciation, wide-spread extinction, and ﬂuctuation in

Data collection
We quantiﬁed regional and local plant species richness
during the growing seasons of 2001–2003 and 2007–
2009. Within each experimental landscape, we surveyed
vegetation in the connected patch, one unconnected
rectangular, and one unconnected winged patch (randomly selected among the two duplicate patch types for
each experimental unit, resulting in 18 regional species
pools taken from three patches in each of the six
landscapes). Regional richness surveys were conducted
by systematically walking the entire area of each 1.375ha patch (Fig. 1), censusing the identity of all species.
Local richness surveys were conducted in eight 1-m2
permanently marked plots in the center of each patch
(Fig. 1).
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In early 2000, six experimental landscapes of open
habitat were created by harvesting and burning mature
loblolly (Pinus taeda) and longleaf (Pinus palustris) pine
plantation forest (Fig. 1). Since their creation, the
patches within the experimental landscapes have been
managed for open, longleaf pine savanna habitat, the
presettlement dominant vegetation type, through lowintensity prescribed ﬁre (burns in 2004, 2007, and 2009)
and mechanical control of hardwoods and loblolly pine
(removed in 2004 and 2008), while retaining regenerating longleaf pine. These management practices mimic
the frequency and intensity of historical disturbance
regimes in this system. They result in low-level
disturbances as they reduce overstory competition, but
do not eliminate the growing overstory longleaf pine
trees or turn over the soil. Under this low-intensity
disturbance regime, the experimental patches continue
to undergo succession toward mature longleaf pine
savanna characterized by low-density longleaf pine
overstory trees and an understory dominated by
perennial herbs and grasses. Over the course of this
study, the ratio of annual to perennial species in the
understory has signiﬁcantly declined over time as
succession has proceeded (linear regression of mean
ratio from each experimental unit by year, R 2 ¼ 0.19, P
, 0.001).

species distributions, predominate (Cornell and Lawton
1992). In our experimental landscapes, we deﬁne the
local community as 1 3 1 m subplots within each region
or habitat patch. We deﬁne the regional species pool as a
1.375-ha habitat patch that is either connected or
unconnected to the central patch. Our deﬁnitions of
local and regional richness follow similar logic to the
landscape experimental approach of Belote et al. (2009).
The 1-m2 plots are an appropriate scale for local plant
species richness because interactions are strong (plant
competition for soil nutrients and moisture; e.g., Huston
and DeAngelis 1994). The 1.375-ha habitat patches are
an appropriate scale for regional plant species richness
because they are large enough to contain substantial
environmental variability (Harrison and Cornell 2008)
and plant dispersal has been shown to be limited at this
scale (Tewksbury et al. 2002, Damschen et al. 2008).
Importantly, the area of each of our regions (i.e.,
patches) is identical among treatments, which alleviates
previous criticisms about habitat area being confounded
with regional species pool estimates (e.g., Caley and
Schluter 1997, Srivastava 1999, Hillebrand and Blenckner 2002, He et al. 2005). The only differences among
regions are their degrees of connectivity and shape.
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FIG. 3. Regional connectivity accelerates development of LSR–RSR relationships in six experimentally fragmented landscapes
following disturbance. Regression lines and slope estimates (m) with 95% conﬁdence limits are shown in the lower corner of each
panel for signiﬁcant (P  0.05) log–log regressions. Positive linear LSR–RSR relationships develop within two years for connected
patches and persist for one decade, with no evidence of progression to curvilinear relationships. Inconsistent development of
positive linear LSR–RSR relationships appears for unconnected patches late in the time series, with little evidence for an inﬂuence
of patch shape.

Data analysis
For each year of data, we calculated species richness for
local (average 1-m2 plot richness) and regional (13 750-m2
patch richness) spatial scales in each of the 18 patches (3
patches per experimental landscape 3 6 landscapes). We
used the methodology suggested by Hillebrand and
Blenckner (2002) to evaluate the curvilinearity of the
LSR–RSR relationship by regressing logLSR on logRSR
(using the regression equation logLSR ¼ c þ m 3 logRSR,
where c is the intercept and m is the slope of the regression)
for each of the three patch types in each year. For
signiﬁcant regressions, we determined whether the slope of
this relationship was signiﬁcantly different from 1. Slopes
close to 1 indicate a linear relationship (i.e., that dispersal
was relatively more important for driving local community
diversity) and slopes signiﬁcantly less than 1 indicate
curvilinearity (i.e., species interactions are relatively more
important for driving local community diversity). We
utilized this method because estimates of the slope are not
biased by independent variable error (Hillebrand and
Blenckner 2002). However, our results were identical to
those produced by comparing linear and nonlinear
regression results and determining if linear slopes differed
from zero. All analyses were conducted in SAS version 9.1
(SAS Institute, Cary, North Carolina, USA).
RESULTS
Regional connectivity altered the rate at which the
LSR–RSR relationship shifted from no relationship to a

positive linear relationship (Fig. 3). In our experimental
landscapes, regions (i.e., patches) that were connected
by a corridor to additional habitat exhibited persistent
positive linear LSR–RSR relationships starting two
years after disturbance (Fig. 3b), while unconnected
regions did not do so until eight years post-disturbance
(Fig. 3q). While unconnected winged patches showed a
signiﬁcant positive linear LSR–RSR relationship (Fig.
3q) in 2008, this positive relationship returned to no
relationship one year later (Fig. 3r), suggesting that the
LSR–RSR relationship is not stable. Slopes of signiﬁcant regressions of logLSR vs. logRSR were not
signiﬁcantly different from 1 across all patch types and
years (Fig. 3) with the exception of connected patches in
2003, where the upper conﬁdence limit is very close to 1
(0.96, Fig. 3c). Slopes equal or near to one indicate that
LSR–RSR relationships have not become curvilinear
(i.e., saturated) in either connected or unconnected
patches nine years post-disturbance (Cornell et al. 2008).
DISCUSSION
Corridors accelerated the progression of LSR–RSR
relationships during succession from no relationship to a
positive linear relationship. This response was driven by
the connectivity corridors provide among regions. Our
experiment controls for potentially confounding area
and patch-shape effects. Unconnected patches that had
equivalent area (unconnected rectangular) and patch
shape (unconnected winged) did not exhibit this same
degree of development.
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1999, Hillebrand and Blenckner 2002), it may be that
such low-level disturbances are generally widespread,
representing a mechanism for the discrepancy between
the theoretical progression to saturated LSR–RSR
relationships (Mouquet et al. 2003) and observed
patterns.
It is important to recognize that the LSR–RSR
relationship is a pattern and, although pervasive (e.g.,
Lawton 1999), the use of LSR–RSR relationships to
evaluate the inferred underlying mechanisms remains
contentious (Hillebrand 2005). Our results provide
mechanistic insight by experimentally demonstrating
the importance of a key regional factor thought to
underlie LSR–RSR relationships—large-scale connectivity and resulting regional enrichment—and underscore the need for interpreting LSR–RSR relationships
in a temporal context (Mouquet et al. 2003). Our results
also illustrate why space must be considered, particularly in fragmented landscapes where inter-patch connectivity may vary substantially over moderate spatial
scales (100–1000 m). Additional studies that evaluate the
mechanistic determinants of community assembly will
be critical for interpreting LSR–RSR relationships.
Our ﬁndings demonstrate the conservation importance of habitat corridors for community reassembly
following disturbance. In our experiment, habitat
fragmentation has resulted in regional disintegration,
likely by severing regional dispersal (Tewksbury et al.
2002), disrupting the development of LSR–RSR relationships over a decadal time scale. Regional enrichment
plays a large role in the assembly of local communities in
our system and regional connectivity of habitat provided
by corridors can play a critical role in the maintenance
of local diversity.
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