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Abstract

Context The study of habitat fragmentation is

fraught with definitional and conceptual challenges.

Specifically, a multi-scale perspective is needed to

address apparent disagreements between landscape-

and patch-based studies that have caused significant

uncertainty concerning fragmentation’s effects.

Objectives Here we test the hypothesis that habitat

fragmentation alters biological communities by creat-

ing hierarchically nested selective pressures across

plot-, patch-, and landscape-scales in the Thousand

Island Lake, China. We assess the variation in

fragmentation-diversity relationships contextualize

the interplay of scale-dependent relationships.

Methods This work utilized two datasets. At the

island scale, islands were sampled to adequately

capture the vast majority of species on each island

using 5 9 5 m sampling cells. To capture intra-island

variation, we sampled 400 m2 plots set up along an

edge gradient on each island. The variation in species

richness at each scale was then compared using

Wilcoxon tests, Spearman rank correlations, general-

ized linear models, and single-large-or-several-small

(SLOSS) simulations.
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Results We find that edges have little impact on plot

a-diversity and between-plot b-diversity, but increase
the amount of b-diversity that can be attributed to

nestedness at the plot-scale. We also find that the

percent habitat in the surrounding landscape has a

positive effect on species richness at the patch-scale

and that small islands accumulate species faster than

large islands of equal total size at the landscape-scale.

Conclusions By observing interdependent effects at

each scale, we find support for the hypothesis that

habitat fragmentation’s effects are hierarchically

structured. Therefore, multi-scale approaches are

needed to understand the patterns, processes, and

consequences of fragmentation.

Keywords Habitat fragmentation � Hierarchical
patch dynamics � Species diversity � Thousand Island

Lake

Introduction

The question of why smaller, more isolated patches

have fewer species than those that are larger and less

isolated has intrigued biologists for generations. By

the middle-to-late 1700s, European explorers had

already recognized the fundamental components of

what would become the field of island biogeography,

including the species-area and species-isolation rela-

tionships (Lomolino et al. 2010). However, while

these relationships were studied extensively over the

following 200 years (Lomolino et al. 2010), a suffi-

ciently parsimonious and dynamic explanation for

their existence was not proposed until the publication

of MacArthur and Wilson’s The Theory of Island

Biogeography (IBT) in 1967.

MacArthur and Wilson’s accomplishment was far

reaching, and only shortly after the publication of IBT,

ecologists and conservation biologists began applying

IBT principals to the study of habitat fragmentation

(Laurance 2010) with the assumption that spatially

isolated patches of habitat were in fact very similar to

islands, embedded in a sea of human activity rather

than the literal ocean. However, the application of IBT

principals to habitat fragmentation has resulted in

significant definitional and conceptual challenges, the

most important of these being the scale at which

habitat fragmentation is studied. The most commonly

used definition of habitat fragmentation is that habitat

fragmentation is the process by which large continu-

ous tracts of habitat are broken up into smaller, more

isolated remnant patches (e.g., Didham 2010; Wilcove

et al. 1986; Wu 2009). This suggests that fragmenta-

tion is a landscape-scale process (Fahrig 2003, 2017),

which may drive biological changes at other scales

(Didham et al. 2012; Lafortezza et al. 2010; Valdés

et al. 2015). However, many studies of fragmentation

have occurred at the scale of the fragment, comparing

the communities within patches to themselves and

each other (Fahrig 2003). Such studies have consis-

tently found that habitat fragmentation has strong

negative effects on most ecologically relevant param-

eters (Haddad et al. 2015). In particular, the study of

communities within patches has shown that edges can

have marked effects on community composition (e.g.,

Laurance et al. 2006; Laurance et al. 2011), which

suggests that fragmentation’s effects on community

structure are at least partially deterministic (e.g.,

‘‘species sorting’’ in Holyoak et al. (2005)).

However, extrapolating relationships from one

scale to others is an uncertain proposition. Spatial

scale-dependence is ubiquitous in ecology in different

forms. Not only landscape metrics, but also some basic

ecological patterns can vary across scales, such as the

species-area relationship (Crawley and Harral, 2001).

To take an obvious example, while it is well

established that small fragments have decreased a-
diversity relative to large fragments, a recent review

by Fahrig (2017) found that more spatially fragmented

landscapes often have more c-diversity than less

spatially fragmented landscapes if the total amount of

habitat was held equal, suggesting that landscape

configuration plays a more important role than patch-

level effects in controlling c-diversity at the regional

scale. Further, studies which attempt to integrate

spatial information from multiple scales often only

predict fragmentation effects at a single scale, some-

times very local, and use the effects at this scale to

assess fragmentation-mediated impacts at other scales

(e.g., Bennett et al. 2006; Fardila et al. 2017;

Lafortezza et al. 2010). While such studies are

certainly interesting and relevant to conservation

planning, they do not explore the scale-dependence

of fragmentation’s effects.

Missing from this debate is a recognition that the

variables which control biological responses to frag-

mentation likely vary across scales. An alternative
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hypothesis is that fragmentation’s effects on biolog-

ical communities are hierarchical and scale-dependent

(Lomolino 2000, Fig. 1), which is consistent with the

Hierarchical Patch Dynamics Paradigm (Wu and

Loucks 1995). Such a hypothesis would suggest that

at very small spatial scales, community composition

should be controlled by both local abiotic filters and

the relative fitness of the species competing for

resources. Larger, less isolated patches should have

more diverse species assemblies due to IBT principals,

strengthening inter-specific competition, and more

total niche space, as they contain more types of

habitat, allowing for divergent community composi-

tions within the patch. These local and patch factors

will interact with each other to alter the relative

diversity of patch communities, which will in turn

control regional diversity. While the proceeding

sentences described the hierarchical structure from

the bottom up, a top-down description would be

equally valid: if there are no species in the regional

pool that can survive in the niche space that fragmen-

tation creates, niches at local and patch scales will go

unoccupied. This suggests that fragmentation’s effects

on biodiversity are constantly interacting within and

across scales, dynamically shaping and modifying

communities at all scales at all times.

Here we test the hypothesis that fragmentation

modifies biological communities through hierarchi-

cally nested, scale dependent controls by simultane-

ously assessing fragmentations effects on woody plant

communities at plot-, patch-, and landscape-scales in

Thousand Island Lake, China. Specifically, we high-

light the linkages between several fragmentation-

species diversity relationships across multiple scales

in our study system, providing further evidence that

the scale of analysis is a critical component in the

interpretation of studies of the biological conse-

quences of habitat fragmentation. Finally, we close

by calling for more truly multi-scale assessments of

the biological consequences of habitat fragmentation.

Methods

Data sources and sampling

Thousand Island Lake (TIL) is a large, manmade lake

located in Chun’an County of Zhejiang Province,

China, with a sub-tropical monsoonal climate. Forests

Fig. 1 A conceptual diagram showing how local and landscape

processes could interact with one another hierarchically. (Green

areas: patches; blue areas: matrix; and black areas: local plots.

Light orange arrows: biological interactions occurring at each

level. Dark orange arrows: cross scale effects)
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throughout the TIL region have long been modified by

humans. These modifications culminated in the late

1950s, when trees were completely or near-com-

pletely clear-cut prior to lake formation. Lake forma-

tion resulted in the isolation of more than 1000 habitat

remnants, which have since undergone secondary

succession. The age of contemporary forests in the

lake region are similar (approximately 60 years old,

unpublished tree ring data), roughly corresponding to

the end of the Great Leap Forward and the implemen-

tation of immigration policies for local people during

dam construction (Wilson et al. 2016).

This work uses two datasets of woody plant

richness and abundance. At the island-scale, we utilize

a version of the woody plant dataset introduced in Hu

et al. (2016) updated to correct misidentifications

recognized in subsequent sampling. This dataset

measured woody plant community structure on 29

islands in 2009–2010 by tagging and identifying each

plant with diameter at breast height greater than or

equal to 1 cm within 5 9 5 m sampling cells. The

criteria for island selection and the detail design of the

field work were described in Hu et al. (2016). Total

sampled area for each island ranged from 0.02 hectare

(ha) to 1.5 ha, and rarefaction analysis has shown that

this dataset is sufficient for capturing the vast majority

of species on the islands (Yu et al. 2012).

To capture the effects of local bioclimatic variation

on communities and test fragmentation effects at the

plot scale, we chose to focus on intra-patch edge

effects, which are known to be a dominant sub-patch

process controlling fragmentation-mediated effects

(Haddad et al. 2015; Laurance et al. 2006; Laurance

et al. 2011). To capture variation in community

structure from patch edges to patch interiors 400 m2

sampling plots identical to those described above were

set up along an edge gradient on 28 islands. Small

islands, those smaller than one ha when water level is

at 105 m above sea level, received one to two plots.

Large islands, those greater than one ha when water

level is at 105 m above sea level, received two

additional plots, each more than 40 m from the island

edge. To account for its much greater size, the largest

island received 5 additional plots, all more than 40 m

from the island edge, and one additional edge plot. The

division between small and large islands was selected

because a study in a similar forest identified that one

ha is the minimum size for patches to maintain interior

communities (Young and Mitchell 1994). Sampling

for these data took place over the summers of 2014 and

2015.

As mentioned above, one of the islands is far larger

(two orders of magnitude, JSE, Fig. 2) than the second

largest island. To avoid overleveraging this single data

point, JSE was eliminated from all analyses that used

island size as a continuous variable. JSE was retained

in all other cases.

Plot-scale effects

Plot-scale effects were measured as the difference in

a- and b-diversity between edge and interior plots. a-
diversity was measured using two complementary

processes: first, as the difference in a-diversity
between edge and interior plots regardless of island

identity using Wilcoxon rank-sum test, and second, as

the difference in mean a-diversity, paired by island.

As using average pairwise comparisons of community

composition can be misleading (Baselga 2013), b-
diversity was measured using the Sorensen form of

Baselga’s multi-site dissimilarity index (Baselga 2010

2017). Baselga’s multi-site b-diversity assesses the

variation in community composition within a group

and decomposes these dissimilarities into their nest-

edness and turnover components. Multi-site dissimi-

larities were assessed using the ‘betapart’ package

(Baselga and Orme 2012) in R (R Core Team 2013).

Because computing multi-site dissimilarities requires

equal sample sizes, the number of edge plots selected

had to be reduced to the maximum number of interior

plots (n = 23). This was done using the function

‘beta.sample,’ which iteratively and randomly sam-

ples sites to provide dissimilarities for each sample. To

assure accuracy, this random sampling was done with

100 iterations and multi-site beta-diversity was taken

as the average of these 100 random samples. To assure

that our results were not skewed by using presence/

absence data, we also repeated this analysis using

abundance-based data (see Appendix S1).

To measure the effect of island size on plots-level

community composition, we first divided islands into

small and large groups, using the one ha line of

demarcation described above. The variation in plot

mean a-diversity was assessed using a Spearman rank

correlation and the difference in plot b-diversity for

small and large islands was then assessed using the

same methods described above for measuring edge
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effects. In this case sample size had to be limited to the

number of plots on small islands (n = 28).

Island-scale effects

The effects of habitat fragmentation on woody plant

communities at the island-scale is well studied in the

TIL system (e.g., Hu et al. 2011; Hu et al. 2016; Yu

et al. 2012). These works have found that area effects

dominate the response of plant communities to habitat

fragmentation (see Wilson et al. 2016). Beyond

species richness, Liu et al. (2018) studied community

dissimilarity (b-diversity) at the island scale and found
that woody plant communities on small islands were

less similar to one another than large islands when the

number of individuals was controlled for. Rather than

replicating this deep literature, we elected to simply

Fig. 2 Map of central Thousand Island Lake, China digitalized from SPOT-6 satellite imagery at 1:5000 scale. Study islands in green,

other islands in white, mainland in gray
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create a semi-log species-area curve to illustrate the

fragmentation effects at the island-scale.

Due to the lack of application of high-quality

remote sensing imagery, few studies have explored the

impact of the surrounding landscape on TIL islands

beyond relatively coarse isolation metrics (e.g.,

distance to mainland, distance to nearest neighbor).

Therefore, we elected to quantify the impact of

landscape composition and configuration on island-

scale species richness after first controlling for island

size using high resolution SPOT-6 satellite imagery.

To do so, we selected three landscape variables: (1)

Percent habitat (vegetated areas) in the landscape, (2)

Landscape Shape Index, (3) Coefficient of variation of

habitat patch size. These indices were selected to

represent landscape composition, agglomeration, and

diversity, respectively, with the assumptions that

patches surrounded by more habitat would have a

larger pool of potential immigrants, landscapes which

were more agglomerated would have more interior

areas, but also potentially fewer species (Fahrig 2017),

and that landscapes with a larger diversity of patch

sizes would have a more diverse species pool. Each of

these metrics was measured for landscapes within 500,

1000, 1500, 2000, 2500, and 3000 m buffers around

each island using FRAGSTATS 4.2 (McGarigal et al.

2012). For the purposes of our study we considered all

patches within the lake as potential habitat, digitaliz-

ing the vegetated edge of each island at the 1:5000

scale in ArcGIS 10.3 from high resolution (SPOT-6)

satellite imagery. When buffers overlapped with the

mainland, mainland habitat and matrix patches were

classified from the same satellite image. Specifically,

the mainland classification was implemented with

ENVI 5.3 using the IsoData unsupervised classifica-

tion for 10-15 initial classes and a maximum of 10

iterations. The resulting classes were then merged into

two: habitat and the matrix. Post-classification pro-

cessing, including interactive class editing, majority/

minority analysis, clumping, and sieving, was con-

ducted to refine and finalize the classification map.

Confusion matrix analysis indicates that the final

classification map has an overall accuracy of 98.10%

and a Kappa coefficient of 93.21%. We assessed the

impact of these variables at each buffer size on species

richness after controlling for island area by calculating

the residual of the semi-log species area relationship

using generalized linear models of two forms, one

which used three landscape variables to predict

residual island species richness, and a simplified

model which only used the percent of habitat in the

landscape (Table 1). Model quality was assessed

using the Akaike Information Criterion (Akaike

1973).

Landscape-scale effects

An assessment of landscape-scale fragmentation

effects requires controlling for the total amount of

habitat in the landscape (Fahrig 2017). To do this, we

performed a single-large or several-small (SLOSS)

analysis, comparing two sets of virtual landscapes, one

created by aggregating both island area and species

richness from the smallest island to the largest island,

and another created by aggregating from the largest

island to the smallest island. Such analyses are

commonly used to study the landscape-scale effects

of habitat fragmentation (Fahrig 2017), resulting in

two dichotomous extremes, with the small to large

aggregation representing the virtual landscape which

has undergone the most habitat fragmentation per se,

while the large to small aggregation has undergone the

least habitat fragmentation per se for any given

amount of habitat.

Results

Plot-scale results

When comparing edge-plots and interior-plots without

controlling for island identity, plots near island edges

tended to have fewer species than those in island

interiors (p = 0.03, Fig. 3a). However, when compar-

ing mean plot species richness in islands large enough

to contain interior areas, this difference became

negligible and statistically non-significant (p = 0.56,

Fig. 3b). Further, plant communities in edge and

interior plots were approximately equally dissimilar to

one another (bsor = 0.83 vs. 0.81, Fig. 4a). b-diversity
was primarily dependent on turnover, not nestedness,

between plots, though the proportion of total b-
diversity caused by the nestedness was 42% higher

in edge plots than in interior plots. These results did

not change when b-diversity was assessed using

compositional metrics, though nestedness became

slightly more important when b-diversity was
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measured using abundance metrics compared to

presence/absence metrics (Appendix S1).

Island size had a weak, but significant positive

effect on mean plot species richness (Spearman

correlation coefficient = 0.40, p = 0.04). Further,

plots on large and small islands were approximately

equally dissimilar from one another (bsor = 0.84 vs.

0.85 for plots on large vs. small island, respectively,

Fig. 4b). Similar to edge vs. interior comparisons, plot

b-diversity was primarily dependent on turnover

Table 1 Results from generalized linear models, comparing the impact of three landscape variables on species richness for each

island across six landscape sizes

Buffer size (m) Model

type

Percent habitat in

landscape

Landscape shape

index

Coefficient of variation of patch size AIC

500 a 0.31 1.03 - 0.01 170.51

500 b 0.35 168.24

1000 a 0.53 - 0.69 - 0.02 167.29

1000 b 0.36 167.00

1500 a 0.32 - 0.55 0.00 175.09

1500 b 0.25 172.12

2000 a 0.31 0.15 - 0.02 177.29

2000 b 0.19 174.70

2500 a 0.33 0.55 - 0.02 178.54

2500 b 0.14 176.70

3000 a 0.35 0.91 - 0.01 179.63

3000 b 0.07 177.94

Model type ‘‘a’’ uses all three landscape variables as predictors of species richness. Model type ‘‘b’’ refers to a simplified model

which only utilized percent habitat in the landscape as a predictor variable. Parameters shown are the slope for each variable, at each

scale in the final step of the model (e.g., predicting residual island species richness). Bold parameters are statistically significant

(p\ 0.05)

Fig. 3 Mean plot species richness for edge and interior plots.

(a) Mean plot species richness when all plots are pooled

regardless of island identity. Error bars represent two standard

errors of the mean. Asterisks represent statistical significance

(p\ 0.05). (b) Mean plot species richness of edge and interior

plots paired by island. Dotted lines represent island pairs and the

solid line represents the median

Fig. 4 (a) Plot dissimilarity of edge and interior plots measured

using the multi-site Sorensen family of metrics, with SIM

representing the turnover component and SNE representing the

nestedness component. (b) Plot dissimilarity from plots on large

and small islands measured using the multi-site Sorensen family

of metrics, with SIM representing the turnover component and

SNE representing the nestedness component
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(92–93% of total b-diversity) between plots, with the

nestedness component only making up 7–8% of the

observed b-diversity. Again, similar to edge vs.

interior comparisons, these results did not change

when b-diversity was assessed using compositional

metrics, though nestedness became slightly more

important when b-diversity was measured using

abundance metrics compared to presence/absence

metrics (Appendix S1).

Island-scale results

As expected, island species richness significantly

increased with island area (R2 = 0.73, p\ 0.001,

Fig. 5).

We found that the inclusion of landscape configu-

ration metrics did not improve the ability of our

models to predict residual island species richness at

any scale (Table 1), and therefore elected to utilize a

simplified regression model that excluded configura-

tion metrics. In doing so, we found that residual

species richness was positively correlated with the

amount of habitat surrounding each island (Table 1) at

500 m, 1000 m, and 1500 m buffer sizes, with the best

fit (lowest AIC) occurring at the 1000 m buffer size. In

no buffers was the percent habitat in the landscape

correlated to island size (Spearman’s correlation

coefficient range: - 0.07 to 0.16, p-value range: 0.42

to 0.96 for all buffer sizes).

Landscape-scale results

When total habitat was controlled, virtual landscapes

consisting of small islands had more species than

virtual landscapes of large islands (Fig. 6). Further,

the shapes of the species-accumulation curves were far

different from one another, with the smallest to largest

agglomeration presenting a roughly logarithmic curve,

and the largest to smallest agglomeration presenting a

roughly exponential curve (Fig. 6). Therefore, the

most rapid periods of species accumulation (as a

function of total habitat area) occurred when relatively

small islands were added to the virtual landscape

regardless of aggregation method.

Discussion

Scale specific results

Though designed to show the scale-dependence of

fragmentation-mediated effects on biological commu-

nities, our study revealed several interesting results

within each scale.

At the plot-scale, we found that edge effects slightly

reduce species richness when island identity is

ignored, but have no effect when edge and interior

plots within a given large island are compared (Fig. 3).

This suggests that the plot-level richness was more

decreased on the small islands, which do not have

interior habitat, indicating that edge effects were

influenced by island-scale effects, such as the area

effect. This is reinforced by our finding that plot

species richness is positively correlated with island

area. The reversed pattern with higher richness at edge

was also detected on several large islands. We

Fig. 5 Semi-log species area relationship for studied islands

Fig. 6 Accumulated species richness in two sets of simulated

landscapes, one created by aggregating from the smallest to the

largest island (black circles), the other created by aggregating

from the largest to the smallest island (gray diamonds)
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speculate that this pattern could be caused by the

longer perimeter capturing more immigrants to

increase plant richness at edge and stronger internal

disturbance (e.g. herbivory), decreasing interior plant

richness on these large islands. Further, we found that

plots on large islands were not more different from one

another than plots on small islands were from one

another, despite the fact that large islands contained

both edges and interiors. This is contrast with the

results from the Biological Dynamics of Forest

Fragments Project (BDFFP), which found that edge

areas had significantly higher turnover rates than

interiors (Laurance et al. 2006). One possible expla-

nation for this result is that habitat heterogeneity

between plots on small islands and plots on large

islands was approximately equal, which is reasonable

given that plots were aggregated by island size

regardless of their spatial location. However, the

proportion of b-diversity due to nestedness increased

by 42% in edge plots relative to interior plots, which

suggests that species composition was more deter-

ministic in edge areas than interior areas. Further,

nestedness was always a larger component of beta-

diversity when measured using abundance based, than

presence-absence based, metrics (Appendix S1). This

could be because non-competitive species persist in

small numbers but cannot establish populations in

locations where they are at a competitive disadvan-

tage, which suggests that some amount of species

sorting is occurring in our plots. In contrast, we found

that plots on large islands were no more different from

one another than plots on small islands were from one

another, despite the fact that large islands contain both

edge and interior plots. This is also at odds with many

other studies of fragmentation, which have often

shown large differences between edge and interior

assemblages (see Murcia (1995) for details and other

idiosyncrasies in the edge-effect literature). However,

this result appears to be robust to our relatively coarse

grain analysis (400 m2 plots), as Liu et al. (2018)

found no effect of island size on intra-island b-
diversity when working at smaller spatial grains

(25 m2 plots). Further, Liu et al. (2018) found that

communities on small islands were more different

from one another than communities on large islands

when the number of individuals was controlled for.

These findings could be viewed as disagreeing with

our results. However, this is likely classic scale-effect,

as comparing plots within islands to one another is a

comparison across a gradient of proportional edge,

while comparing islands to one another is a compar-

ison across a gradient of richness.

We also found that the landscape surrounding each

island had a meaningful effect on island species

richness, however we did not find the direct effects of

landscape configuration meaningfully increased the

predictive power of our models. Therefore, we elected

to simplify our model. This finding is in broad

agreement with Fahrig’s (2003) classic review, which

found that fragmentation per se is a weak control of

fragmentation-mediated effects on biological commu-

nities relative to habitat loss at any particular time step.

However, it is important to note that our model

simplification was done not because we ignore the

indirect effects of habitat loss on the spatial compo-

nents of fragmentation (e.g., Didham et al. 2012), but

because configuration metrics from our specific case

did not add to the explanatory power of our models.

Had the inclusion of configuration metrics signifi-

cantly improved model performance, a more detailed

structural equation modeling approach, such as that

suggested by Didham et al. (2012), would have been

appropriate.

Finally, by comparing virtual landscapes of equal

total habitat we found that groups of small islands had

significantly more species than groups of large islands.

Though this may be surprising to many, our finding is

in agreement with Fahrig’s (2017) literature review,

which found this pattern to be nearly universal. As

small islands had more b-diversity than larger islands

(Liu et al. 2018), this response was expected. How-

ever, it is important to note that these virtual

landscapes can only capture the results of possible

habitat loss given current conditions, and cannot

project how the loss of small vs. large patches would

impact the long-term dynamics of the system. For

example, although large patches are relatively similar

to one another and that groups of large patches

accumulate species more slowly than groups of small

patches, it is possible that these large patches may

serve as important source populations for interior

species. As we know that fragmentation’s effects on

community composition can be time-dependent (Col-

lins et al. 2017), it is critical that SLOSS findings are

confirmed through experiments which monitor frag-

mentation-mediated responses through time, before

they be integrated into conservation planning.

123

Landscape Ecol (2020) 35:501–512 509



Habitat fragmentation’s hierarchical effects

Our core hypothesis was that habitat fragmentation

creates hierarchically nested selective pressures across

plot-, patch-, and landscape-scales. By observing

meaningful variation in biological communities,

across and between all three of these levels, we find

support for this hypothesis.

Studying community responses at all three scales

simultaneously had a significant impact on the inter-

pretation of our results. Had our study simply focused

on patch and sub-patch processes, we would have

concluded that small patches were of little conserva-

tion value, though our landscape scale analysis

showed quite the opposite. Similarly, had we focused

only on the local landscape around each patch, we

would have concluded that fragmentation per se had

no measurable effect on species richness, though our

SLOSS analysis suggests that habitat fragmentation

per se could be a significant driver of regional

diversity. Therefore, it is only by studying the impacts

of fragmentation simultaneously at all of these scales,

could we recognize how biological communities

respond to interacting gradients of intra-patch, inter-

patch, and landscape-scale controls.

Our study is substantially different from those

which use independent variables generated at multiple

scales to predict fragmentation effects at a single

spatial scale, and use effects at this scale to assess

fragmentation-mediated impacts at other scales (e.g.,

Lafortezza et al. 2010). Our aim was not to quantify

community controls at a given scale, but rather to

establish that the impacts of these controls are scale-

dependent. Valdés et al. (2015) performed a somewhat

similar multi-scale analysis, however, they only

predicted the impact of fragmentation on the plot-,

patch-, and within-patch scales. Valdés et al. (2015)

found at plot-, patch-, and within-patch scales that

patch-scale controls were generally more important

than controls occurring at higher levels, which is

precisely as predicted by the Hierarchical Patch

Dynamics Paradigm (Wu and Loucks 1995) at the

root of our hypothesized hierarchical control structure.

In addition to this scale-dependence, the relative

strength of local-, patch-, and landscape-scale controls

is likely also context specific. For example, systems

with strong local filters (e.g., edge effects in the

BDFFP, Laurance et al. 2006; Laurance et al. 2011)

will likely see more significant local and patch-scale

species sorting than we observed in this study. Further,

systems that are significantly isolated, such as oceanic

archipelagos, could see dominant controls at the

landscape and inter-patch levels. In our study, we

observed little difference in the dissimilarity between

plots across gradients of proportional edge (e.g., island

size), though other studies have found that edge effects

are detectable in the TIL system (Su et al. 2014). Our

finding is reasonable, as TIL forests are secondary, re-

assembling, sub-tropical forests, which are likely

much more edge adapted than tropical forests, such

as those studied at the BDFFP. This species-level

analysis would benefit from replication at the func-

tional-level, as unequal richness within functional

groups (e.g., unequal numbers of shade-tolerant vs.

shade-intolerant plant species) could create significant

noise in our results. Therefore, these findings should

not be taken as a statement of primacy of one scale

over another, but rather as yet another contextual

example that the responses of biological communities

to selective pressures vary across scales, sometimes in

surprising ways.

Conclusion

Habitat fragmentation is a spatially and temporally

dynamic process, by which the loss of habitat in the

landscape alters the regional species pool, creating

increasingly smaller, and more isolated patches, which

sample smaller amounts of the region’s biophysical

space, contain fewer species to compete with one

another, and are increasingly impacted by fragmenta-

tion-mediated changes in local biophysical conditions.

We hypothesized that these processes interact hierar-

chically, with bottom-up and top-down effects each

altering biological communities in different ways

across scales. We found support for this hypothesis.

Plots, patches, and landscapes are likely not islands

unto themselves, but rather co-dependent, interacting

parts of a whole, as predicted by the Hierarchical Patch

Dynamics Paradigm (Wu and Loucks 1995). Future

studies of fragmentation should attempt to take these

hierarchical effects into account, contextualizing the

impacts of fragmentation within the constraints placed

on biological communities across scales.
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