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Article 

Habitat Fragmentation Affects Richness – A View 
through a Metacommunity Lens 
Jessica Marchesan and Jurek Kolasa * 

Department of Biology, McMaster University, Hamilton, Ontario, Canada 
* Correspondence: kolasa@mcmaster.ca 

Abstract: Habitat fragmentation is often assumed to negatively impact species diversity because smaller, more 
isolated populations on smaller habitat patches are at a higher extinction risk.  However, some empirical and 
theoretical studies suggest that landscapes with numerous small habitat patches may support higher species 
richness, although the circumstances remain elusive.  We used an agent-based metacommunity model to 
investigate this and simulate landscapes of the same total area but diverse patch sizes.  Our model, as generic 
and unbiased by specific assumptions as possible, aimed to explore which circumstances may be more 
conducive to supporting higher biodiversity.  To this end, most parameters and behaviors were random. The 
model included generalized species traits, dispersal, and interactions to explore species richness dynamics in 
fragmented landscapes of distinct patch sizes. Our results show that landscapes with many small patches 
maintain higher species richness than those with fewer large patches. Also, the relationship between patch 
connectivity and species richness is more pronounced in landscapes with smaller patches.  High connectivity 
in these landscapes may support species diversity by preventing local extinctions and facilitating 
recolonization.  In contrast, connectivity is less significant in large-patch landscapes, where generalist species 
dominate.  The findings highlight the complex interplay between patch size quality, connectivity, species 
traits, and diverse interactions among species in determining species richness.  We suggest the patterns 
produced by the model represent null predictions and may be useful as a reference for a diversity of more 
specialized questions and predictions. These insights may also have specific implications for conservation 
strategies, suggesting that maintaining a mosaic of small, well-connected patches could enhance biodiversity 
in fragmented landscapes. 

Keywords: habitat fragmentation; species diversity; metacommunity model; agent-based 
simulation; dispersal; habitat; species specialization; species interactions 

 

1. Introduction 

Ecologists often assume that habitat fragmentation negatively correlates with species diversity, 
as small populations and patch isolation reduce population survival probability [1,2].  At the same 
time, observations that many small patches can harbor higher species richness than large patches in 
the same total habitat area were quite frequent [3].  Recently, more comprehensive empirical 
research [4] makes a compelling case that landscapes support more species when the patches are 
many and small, given the same area and sampling effort. At the same time, a review by Riva et al. 
[5] identified five studies (between 2017 and 2022) where habitat fragmentation per se affected species 
richness, with one suggesting a positive effect. Some other theoretical studies suggest that increased 
fragmentation and a decline in concomitant patch size may lead to higher landscape diversity under 
some circumstances. Possible mechanisms for higher species richness in small-patch landscapes 
include (a) higher heterogeneity, e.g., [6], combined with (b) lower number of species on small 
patches, (c) opportunities for specialization, d) higher turnover, e.g.,   [2], and (d) metapopulation 
dynamics leading to differential tracking of different spatial resources (this aspect complements “d”). 
For example, Campos et al. [7] concluded that smaller, more numerous habitat patches support 
greater species diversity due to increased species dispersal and colonization opportunities, which 
involves several earlier processes.  Others noted the edge effect increases with the patch size decline 
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[8] and likely offers additional habitat heterogeneity for some species to exploit. These findings 
provide a reasonable argument for a possible positive effect of small habitat size and landscape 
fragmentation on species richness, at least in a portion of examined landscapes.  However, the trend 
distilled from the extensive data set reveals high noise and frequent departures associated with 
specific landscapes and taxa.  It also leaves the conditions under which these departures occur and 
possible factors responsible for the departures largely unexplored, primarily due to a lack of relevant 
data.  Because the discovered trend is superficially counterintuitive [5], explanations inevitably 
grapple with substantial variability among individual studies and, possibly, circular logic, such as 
defining generalists as species not declining or increasing in abundance.  The most recent theoretical 
study by Zhang et al. [9] attempts to explain the diversity of patterns.  It finds conditional evidence 
for a positive effect of habitat size reduction on biodiversity.  This effect is not straightforward, 
however.  In their model, it depends on the total amount of habitat. 

Furthermore, the results do not appear definitive, as they rely on one type of interaction – 
competition - and a rather specific set of traits arising from adopting the competition-colonization 
model.  Simulated landscapes do not include other interactions and several essential features of the 
landscape, such as interhabitat differences and species specialization.  In short, the recent studies 
inspire further questions and suggest a need for a broader look. To answer some of these questions, 
we used an object-based metacommunity model.  The model design attempted to include a broader 
set of general processes to avoid outcomes arising from specific model features.  

To explore the effect of patch size, we created small, medium, and large patch landscapes and 
monitored the patch connectivity.  The dependent variables included species richness and 
population density.  We used an agent-based, spatially explicit metacommunity model where 
species gain energy on ‘suitable’ patches, with dispersal and reproduction costing energy and species 
interactions involving costs and rewards on the gradient from negative to positive interactions.  To 
examine the effect of patch size on species richness, we have focused on specific landscape features 
(see Methods: Model, Species, and Data Collection sections).  Applying a metacommunity model 
allows for examining interactions of processes such as dispersal, various species interactions, level of 
heterogeneity, and population rescue on species diversity as a function of patch size – the variable of 
considerable theoretical and practical interest.  By modeling landscapes of the same total area 
regardless of the size and number of habitat patches, the exercise suggests definitive answers to other 
hypotheses, such as the Habitat Amount or Multi-dimensional hypotheses, cf., [10]. We focused on 
the hypothesis that the species richness will be higher in landscapes with smaller patches than in 
landscapes with larger patches as long as they feature similar spatial patterns, total habitat area, 
species movement probability, habitat heterogeneity, species interactions, dispersal networks, and 
reproduction rules. 

2. Methods 

2.1. The Model 

We used a generalized metacommunity model [11] to examine the effects of habitat size in three 
fragmented landscapes. Its major features area as follows:  A recent study concerned with the effects 
of habitat fragmentation and habitat patch size [9], also uses a metacommunity model, although it 
differs in various aspects.  

2.1.1. Landscape 

The landscapes always maintained the same total area regardless of the patch size. Each run of 
the model used a new landscape (25, 81, or 121 patches) of patches with randomly assigned suitability 
values and correspondingly smaller fractions of the total landscape area. We diversified patches by 
randomly assigning a habitat suitability value to create inter-habitat differences (heterogeneity) to 
which species could respond. [12] advocated this feature as crucial to understanding the 
consequences of habitat fragmentation. Suitability values define a range of patches a species can use 
without a penalty. A match of a species specialization and the patch suitability value jointly define 
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the species access to that and similar patches. Each patch regenerates energy (=resources that any 
species can use) at a predefined rate and loses it depending on the number of individuals that can 
use its resources. Individuals of species arriving on a patch incompatible with their requirements 
cannot use its resources – such species lose energy until they find a suitable patch. In contrast, the 
Zhang et al. model [9] uses mean patch size in virtual landscapes comprising a mix of patch sizes.  

2.1.2. Species Specialization 

Specialization is a function of habitat use. Generalists can use a broad range of habitat suitability 
values. Specialists use a smaller range of habitats. The specialization gradient is continuous and 
tracked in increments of 0.2 on the scale from 0 to 1. Each species receives a separate random 
specialization value for each replicate run. 

2.1.3. Species Interactions 

Species interactions can be positive and negative, with values of -1, 0, and +1 assigned randomly 
and separately for each of the ten runs of the model. When individuals of two species meet, they 
generate additional or lose available energy units depending on their assigned interaction value (two 
positive values mimic mutualism, two negative competition, and other combinations of positive and 
zero or negative values mimic other types of interspecific interactions). Indirect interactions are 
implicit. They occur in different configurations depending on the mix of species in a patch. Interaction 
cascades are possible with more species in a patch (e.g., if species A hurts B, B’s negative impact on 
C is reduced, or if A has a positive impact on B, and B has a negative impact on C, it amplifies C’s 
loss). Competition occurs by default because all individuals dispersing into a patch require energy. 
The energy supply fluctuates (consumption and regeneration) on a single patch as a function of its 
size to equalize its availability among landscapes but is limited for the landscape as a whole through 
the carrying capacity of the combined populations. Predation is not explicit because its outcome 
cannot be qualitatively distinguished from other interactions, i.e., an individual can lose energy by 
encountering a competitor or a predator and gain energy when it encounters a mutualist (or abundant 
resource on a landscape patch). Crucially, our choices reflect a degree of indeterminacy afflicting 
interaction outcomes in multi-species matrices [13]. It is reasonable to assume that meta-habitat 
settings compound this indeterminacy. 

2.1.4. Dispersal 

When they have enough energy, individuals of any species can move/disperse or reproduce once 
in each step of the model run. The choice to move or reproduce is random. They move one habitat 
patch at a time. If they land on a patch that is not suitable, they lose energy. They die when their 
energy is limited, so they can neither move nor reproduce. This happens when the patch is unsuitable, 
or other species depleted its energy. The direction of movement is random. However, due to 
landscape connectivity differing among separate runs of the model, the dispersal network 
heterogeneity would also differ and may have contributed to the species richness variance as 
postulated by Savary et al., [14]. We used a proxy measure of mean patch connectivity to keep track 
of this contribution. We scored the latter by counting connected patches in each new landscape 
configuration and obtaining the ratio of those patches to all the patches (the connectivity index). In 
preliminary analyses, we confirmed that the mean connectivity did not differ among the three 
landscape types. 

2.2. Data Collection and Analysis 

We ran the model for 500 generations and concurrent dispersal steps (an agent can reproduce or 
move in each step. We analyzed the steady-state landscape richness represented by the terminal state 
of the virtual metacommunity model and thus skirted the issue of successional change [15]. Each 
landscape patch size treatment had ten replicated runs, with all the data used in the analyses. The 
degree of connectivity generated in a landscape involved assessing the fraction of patches that were 
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immediate neighbors to at least one patch of the same suitability. This is a simplified analog of 
‘clustering’ used by [16] and a coarse indicator of the dispersal network heterogeneity [14].  When 
the metric attains the value of 1, then no patch is alone. This, however, does not imply complete 
landscape connectivity because various configurations of connected patches still present differential 
dispersal impediments that we did not quantify. This residual isolation of patch clusters does 
contribute to connectivity variance. We used the General Linear Model analyses (Statistica, ver 13.5 
(2022) from TBCO) to examine the main treatment effect and their interactions among treatments.  

A recent study concerned with the effects of habitat fragmentation and habitat patch size [9], 
also uses a metacommunity model, although it differs in various aspects. Our model differs from 
Zhang et al. [9] in several aspects:  
• Dispersal from patches is a function of the patch state (i.e., the number of individuals, 

instantaneous positive and negative interactions arising from attributes of specific species 
present at the time, resources available to individuals – a function of combined N of all 
species). 

• Interactions range from negative to positive. 
• All simulated landscapes had the same level of inter-habitat differences, i.e., each patch has the 

same probability of being in contact with four other patches with one of the five suitability 
classes. 

• Landscape connectivity was a function of the proximity of suitable patches. Specifically, a 
patch of similar suitability class did not tax the disperser’s condition (available energy) when 
an individual immigrated to it, but unsuitable patches did. Locations of patches of different 
suitability in each landscape were random. Overall, higher patch connectivity implies an easier 
dispersal for a given configuration of patches, as suggested by Savary et al. [14].  

• Patch suitability was random and carried costs to species, which depended on the mismatch 
between species specialization and habitat suitability.  

3. Results 

We found that landscapes with many small patches maintained twice as many species as 
landscapes with patches about twice as large in area (Figure 1). The question arises regarding the 
mechanisms supporting higher richness in smaller patches. Riva and Fahrig  [4] reported a 
bewildering range of responses along the patch size axis. Interpreting the relationship between 
species richness and habitat size is likely to interact with other ecological factors. Some such factors 
may include habitat connectivity, depth of inter-habitat differences, and species specialization to 
habitat types.  

First, we notice that when the combined population of all species increases, the species richness 
declines (Figure 2). As the total landscape population increases with the patch size, a new question 
arises about the causes. Do larger patches allow for greater total populations, a factor that could leave 
a few more successful species to dominate the landscape? Alternatively, does increasing 
fragmentation (and an ensuing patch size reduction) promote a tradeoff between colonization and 
extinction, cf. [17], such that no species can monopolize most patches? The latter process might also 
interact with inter-habitat differences, where habitat specialists might succeed in only some locations. 

The responses (Figure 2) suggest that the most likely culprits are local patch processes rather 
than the landscape population size of combined species. Here, whether the population is low or high, 
species richness remains similar. Small patch landscapes offer more spatial patch diversity and 
support more specialists (Figure 2A; the majority of species seeded in the model), while large patch 
landscapes appear to represent functional homogenization [18], with few generalists dominating 
(Figure 2C). 
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Figure 1. Mean richness in landscapes containing large, medium, and small patches. Error bars are 
standard deviations. 

 
Figure 2. A partial visual summary of results (distance weighted least squares fit): Richness patterns 
as a function of patch size, habitat suitability, and mean combined population of all species per patch 
suitability class surviving in the landscape at the end of a simulation run. Each suitability class 
comprised, on average, 5, ~13, and ~24 patches in Small (A), Medium (B), and Large-patch landscapes 
(C), respectively. All charts are scaled to a richness of 16, but use separate scales for population density 
per suitability class (five classes) due to substantial differences emerging among the three landscape 
types. 

The relationship between habitat connectivity, a proxy metric for higher effective dispersal, and 
richness reveals no response in large-patch landscapes (Figure 2C), 12% of variance explained in 
medium-patch landscapes (Figure 2B), and 5% in small-patch landscapes. This is not to say that 
connectivity does not play a role. More likely, there is a shift in importance from small-patch 
landscapes (limited resources, increased variability in dispersal success) (Figs. 2A, 3) to large patch 
size (Figure 2C) where generalist species appear to flood the landscape.  

While the patterns associated with connectivity are weak, they are statistically significant (Figure 
3, Table 1) and likely relevant in nature.   

Table 1. Details for the effect of habitat size and its connectivity on richness (ANOVA). Univariate 
tests of significance, standard error of estimate: 1.74. 

> 14 
< 12 
< 8 
< 4 
< 0 
< -4 

Small patches Medium patches Large patches
> 8 
< 8 
< 6 
< 4 
< 2 

> 6 
< 6 
< 5 
< 4 
< 3 
< 2 

A B C 
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Effect SS 
 

Degr. of 
Freedom 

 

MS 
 

      F 
 

p
 

Intercept 214.63 1 214.63 70.63 0.0000* 
Connectivity 13.84 1 13.84 4.55 0.0345* 

Patch size 268.26 2 134.13 44.14 0.0000* 
Error 443.68 146    

As we suspected, the ability to disperse appears to have contributed to higher landscape richness 
in small and medium patch landscapes. In large patch landscapes, dispersal may play a lesser role as 
movement among patches is less important for obtaining resources and reducing dispersal costs. This 
change in the playing field may allow habitat generalists to dominate numerically; see also [19] for 
compatible results. 

 

Figure 3. Effect of connectivity (measured as mean patch adjacency), for small (blue open circles), 
medium (red), and large (green) patch landscapes (details in Table 2). Regression slopes are 0.230 (not 
significant), 0.352*, and 0.136 (not significant), respectively. 

Connectivity did not contribute to the explanation of richness differences among landscapes, 
although it should not be dismissed (Table 2). Low connectivity negatively impacted richness, 
particularly in small-patch landscapes where no species survived below the 0.5 value of the 
connectivity metric. Meta-analyses of empirical patterns likely include both situations, and 
depending on their mix, we should expect to see either type of effect. 

Table 2. Effects of all tracked variables on species richness, GLM. Note that patch size, population 
size, and habitat suitability have the strongest explanatory value, respectively, while connectivity has 
a low predictive value. Standard error of estimate: 1.66. Significant relationships are denoted by an 
asterisk in the probability, P, column. 

Effect SS 
 

Degr. of 
Freedom 

 

MS 
 

F 
 

P 

Intercept 
 

190.04 1 190.04 69.42 0.0000* 
Connectivity 

 

4.7005 1 4.70 1.72 0.1922 
Population 

 

13.39 1 13.39 4.89 0.0286* 
Patch size 

 

215.33 2 107.67 39.33 0.0000* 

R² = 0.0527

R² = 0.1242
R² = 0.0185

0
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ss
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Suitability 
 

50.21 4 12.55 4.59 0.0016* 
Error 

 

385.98 141 2.74   

A plausible interpretation is that a meta-habitat comprising many small and different patches 
(high heterogeneity) is conducive to the coexistence of many different species, e.g., [20], but see also 
[21]. Here, higher patch connectivity supports significantly higher richness by either protecting small 
populations from local extinction or successfully restoring locally extinct species such that in the long 
run (of the model) species seeded at the beginning of the simulations survived in the landscape. The 
effect of connectivity among large patches on richness is statistically insignificant. This dual effect of 
patch size and connectivity may create a stage for high richness and dispersal by more specialized 
species. While connectivity effects differ among landscapes of different patch sizes, they become 
marginally significant when evaluated in the combined context of more important factors such as 
patch size, suitability, and aggregated population of all species (Table 2). 

Maintaining a sufficient population size to track suitable habitats, especially when a species is a 
habitat specialist, can also provide insights into richness-promoting factors (Figure 4). The suitability 
effect is unimodal-like and prominent when the patches are small. The effect disappears in medium 
and large patches. The low species richness in low-suitability habitats concurs with the low density 
of the aggregate population.  

 
Figure 4. Habitat suitability has a non-linear effect on richness only in small but not in medium and 
large patch landscapes. Lines show species richness in respective patch-size landscapes (details in 
Table 3). 

Table 3. Factorial ANOVA results for the effects of habitat suitability, landscape patch size, and their 
interaction. 

Effect SS 
 

Degr. Of 
Freedom 

 

MS F           
P 

Intercept 5642.67 1 5642.67 2606.98 0.0000* 
Suitability 44.20 4 11.05 5.11 0.0007* 
Patch size 277.81 2 138.91 64.18 0.0000* 

Suitability*Patch 
size 121.12 8 15.14 7.00 0.0000* 

Error 292.20 135 2.16   

Suitability
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While differences among the three landscape types are clear (p<0.0000), the aggregate 
population size is unrelated to habitat suitability (ANCOVA, p=0.764). However, within treatments, 
the population size positively correlates with richness in medium and small-patch landscapes but 
shows no correlation in large-patch landscapes (Figure 5). As high total population correlates 
negatively with richness in large-patch landscapes, a plausible explanation might be that in such 
landscapes, a decline of in spatial habitat turnover per unit distance reduces dispersal costs for a 
limited number of species at the expense of other, less competitive species. Another related 
interpretation might involve dispersal network heterogeneity if it varied as a function of the patch 
size. We cannot determine this directly at this stage, but we saw neither effect of patch size on mean 
connectivity among the landscape type (One-way ANOVA F(2, 147) =.60637, p = 0.547) nor any 
interaction effect of habitat suitability category and the patch size. 

 
Figure 5. Richness increases significantly with the mean population density per habitat suitability 
class in small and medium-patch landscapes and does not change in large-patch landscapes. 
Population density is a mean combined species populations within a habitat suitability class. 
Regression slopes are 0.379 (significant at p=0.05), 0.536 (significant at p=0.05), and 0.158 (not 
significant), respectively. The regression line slopes visually mismatch the slope values because they 
scale differently with N. 

Nevertheless, the above result challenges a straightforward interpretation in ecological terms. 
This is because simulated data and natural systems allow additional factors to modulate the effects 
of the factors of interest. These range from static spatial configurations to dynamic biological 
interactions to generate many reasonable expectations. In our model, habitat suitability sheds some 
light on the unfolding relationships.   

Habitat suitability strongly promotes species richness in the small-patch landscapes, although 
only in the middle of the suitability range. Its effect in other landscapes declines sharply, although it 
may have some influence in medium-sized patch landscapes when the population is relatively high 
(Figure 5, Table 2).  

The pattern of declining effect of habitat suitability and population size is consistent with the 
idea that habitat fragmentation and diversity of habitat conditions form a combination of conditions 
that imposes sufficient limitations on the success of habitat generalists. This limitation may allow 
local yet highly uneven persistence of habitat specialists in small-patch landscapes. As the species 
number declines on a gradient from small to large patches, the ratio of specialists to generalists 
shrinks from 2.9, 1.3, and 1.1, respectively. The pattern supports expectations that generalists do 
better where the spectrum of different and isolated conditions does not protect specialists from 
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negative interactions. Also, a much higher landscape population density may exacerbate the negative 
interactions through resource competition.  

4. Discussion  

The most significant finding is a confirmation that, in an unbiased model, small-patch 
landscapes can support higher species richness than other landscapes (in the model, this support is 
expressed as the most modest species losses over 500 generations in the simulated community). This 
support correlates with the lowest combined density of all species over the landscape. Empirical 
research shows that among many different factors, uneven dispersal of species (uneven spatial 
isolation, heterogeneity) may significantly influence species richness due to differential species 
abilities and uneven accessibility of patches [22]. Our simulations allow for such effects implicitly, 
but we do not know how the habitat size affects them because the overall connectivity and habitat 
suitability distributions did not differ between the landscape types (Results). 

The patterns exhibited by generalist species appear in line with the observations in nature, 
underscoring the generalists as being more abundant, less variable, and present in a broader range 
of habitat types (here defined by differences in suitability). However, the generalists’ contribution 
does not support the hypothesis suggesting they boost increasing biodiversity in small-patch 
landscapes, cf. [4]. This result could arise from the model choice of allowing only 10% of species to 
have the broadest ranges of habitat use. The generalists' impact may, however, materialize 
differently. Specifically, the species diversity exhibits an unimodal relationship with habitat 
suitability in the small-patch landscapes. The unimodal response may suggest that the highest habitat 
suitability (in nature, it could be an abundance of resources) may increase extinction risks for 
unknown reasons, possibly translating into the high density of a few successful generalist species.  

Our results support the recent empirical findings [4] that local reduction of biodiversity in small 
habitats may allow an opposite trend for higher biodiversity at the landscape level. Recent models, 
e.g., [9], support some features of our simulation, but others, e.g., [23] show contradictory results. 
These similarities and differences may reflect variation based on observed data from natural systems. 
In contrast, different conclusions among simulated metacommunities are more likely due to specific 
assumptions and the choice of variables in the models. For example, Guo et al. [23] examined food 
webs with competition-colonization tradeoffs among basal species, omnivores, and other secondary 
consumers and found a broad range of outcomes. Importantly, they show habitat loss would lead to 
topology oscillations and changes in species number dependent on the spread of omnivory, habitat 
loss, and basal species colonization success. By being more general in treating species interactions, 
our model may be missing some of the more specific processes they identified, e.g., the role of basal 
species. The differences among conclusions and underlying model premises strongly suggest a need 
for a general framework that is simple, integrated, and comprehensive. Without such a framework, 
the diversity of findings may end up more confusing than illuminating. 

Our approach and data differ in some respects from those presented in the recent study of 
natural datasets [4]. Some disparity is not surprising given the differing research questions in each 
study. Our model simulation focused on contrasts arising solely from habitat patch size. Also, all 
patches in a landscape had the same size and shape, and all the remaining landscape/patches/species 
settings were the same across landscape size types, which is not the case in natural systems.  

Although the initial settings other than patch size were identical, this does not mean our 
simulated landscapes are identical. Differences emerge from random variation and may have some 
effect on landscape patch structure (connectivity), local and global species species composition, 
interactions, specialization, and dispersal. The Riva and Fahrig study [4] included a variable mix of 
small and large patches. We examined the performance of identically constructed species sets across 
those three landscape times, while the empirical study [4] compared one species set on small and one 
on large patches in many different landscapes where species specialization, interaction intensity, and 
dispersal rates were largely unknown.  

The trends observed in individual data sets examined by Riva and Fahrig  contribute to noise 
that may add to a significant scatter of correlations and mask the relationship between the species 
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richness and patch size. This inevitable feature of the inductive approach generates uncertainty and 
vague answers because of many possible causes. One possibility stands out. Unless the patches 
analyzed by Riva and Fahrig [4] had the same size structure distribution across the data sets, which 
they certainly could not, the patterns they found might be artefactual to some degree, i.e., biased by 
mechanisms prevailing in large or small patches in a particular landscape. Furthermore, the 
individual data sets may have had different species-habitat relationships, contingent on the species 
habitat specialization relative to habitat mosaic attributes, including the suitability of individual 
patches. In this context, a lack of support for the habitat amount hypothesis (cf., [24]) in our results is 
relevant to establishing null expectations and providing a universal reference for past and future 
comparisons.   

In our simulations, all patches were of the same size within the landscape type. While this is a 
software limitation, size homogeneity offers some advantages because size differences may 
exaggerate differences in species performance and mask the size effects. We will keep this potentially 
influential difference in mind when highlighting putative lessons from our analyses. 

Earlier empirical studies also occasionally found that smaller patches, when representing more 
heterogeneity (habitat type diversity), can support more species than other patches [25]. While our 
model had the same settings of habitat suitability for all three landscape types, the landscape with 
the smallest patches may exhibit the most significant heterogeneity for at least one reason. Smaller 
patches show a higher temporal variability of local richness and species identity, enhancing the 
heterogeneity of resources and unpredictability of interactions on individual patches of the same 
suitability level. An experimental study associated this variability with the variability of species 
interactions in fragmented landscapes [26].  Another coexistence mechanism may possibly involve 
a local competitive advantage of good dispersers [27].  

Implications. If our findings reflect null trends adequately, habitat suitability models aiming at 
biodiversity conservation should consider a specific species class – one including species particularly 
adept at using small habitats. This implication should not be surprising because habitat suitability 
models successfully couple the distribution of suitable patches and species requirements [28], while 
recognizing various sources of species/habitat mismatch and its consequences  [27,29]. Other studies 
appear to emphasize the link and note that habitat quality may override the effect of habitat 
fragmentation (e.g., [30,31]). Both possibilities are relevant to biodiversity management and offer 
promising research pursuits. 
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