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Short-term responses of ground-
dwelling arthropod communities 
to habitat loss and fragmentation 
in experimental mesoscale 
landscapes
Cécile H. Albert 1,4, Olivier Blight 2,4, Benoît Geslin 1,3,4, Natan Huberson1,4, 
Lenka Brousset1, Hélène de Méringo1, Victorine Demiralp1 & Matthieu Jurado1

Habitat loss and fragmentation are main drivers of biodiversity decline. However, disentangling their 
respective effects remains tricky and contrasting results have emerged in previous studies leading 
to a call for finely designed landscape-scale experiments that compare different levels of habitat 
fragmentation at fixed habitat loss, and that for different levels of habitat loss. Here we present 
early-stage results from MESOLAND, a new landscape-scale experiment designed to monitor the 
response of ground-dwelling arthropod communities to habitat loss and fragmentation, focusing on 
their short-term responses. Our experiment took place in a dry grassland in France, with natural stone 
cover representing the habitat and bare soil with stone cover manually removed being the matrix. 
We thus created experimental landscapes with nine levels of habitat loss (from 0 to 99%) combined 
with three levels of fragmentation (low, medium, high). Ground-dwelling arthropod communities 
were monitored using dry pitfall traps during six non-lethal capture sessions. In the months following 
habitat removal, we observed a drop in the number of captured arthropods with increasing habitat 
loss. Humidity-dependant groups such as woodlice and silverfish were affected. We observed no effect 
of habitat fragmentation at any level of habitat loss and no interactive effect with habitat amount. 
Early-stage results following the implementation of the MESOLAND experiment indicate that habitat 
loss has a greater effect than habitat fragmentation on ground-dwelling arthropods communities. 
We expect detecting further effects in the years to come, as most species will have completed several 
life cycles. The results of this experiment will contribute to the ongoing debate on habitat loss versus 
fragmentation, providing essential knowledge for applied spatial conservation.
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Experimental landscapes

Habitat loss and fragmentation are currently considered to be one of the main causes of terrestrial biodiversity 
decline. There is however a strong debate in the literature regarding the relative effects of habitat loss and 
fragmentation on this decline1,2. On the one hand, there is a consensus that habitat loss at the landscape scale has 
a strong impact on natural communities3. On the other hand, the effect of the spatial arrangement of habitats, 
and therefore their fragmentation, on biodiversity is still debated1,2,4,5. As habitat loss and fragmentation are 
not independent in a landscape - habitat fragmentation increases as the quantity of habitat decreases6 - it is not 
straightforward to assess the effects of habitat fragmentation independently of habitat loss, i.e. fragmentation 
per se7. This long-lasting scientific debate prevents coherent contributions between science and conservation 
applied to land planning8.

While many authors have found habitat fragmentation to be detrimental to biodiversity2,5,9 others have 
observed neutral10,11 or even positive effects12,13. These contrasting signals may be the result of limitations 
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inherent to the methodology, three of which are highlighted below: (1) spatial scale of observation (e.g., habitat 
patch vs. landscape-scale), (2) study design, in particular the ranges of habitat loss and fragmentation level and 
how these are combined, and (3) study duration and how temporality is accounted for.

First, most fragmentation studies come from two different conceptual schools, which can lead to discrepancies 
in their results. On the one hand, studies relying on metapopulation theory focus on habitat patches and relate 
the biodiversity in the patch to its size, quality, and isolation14. On the other hand, studies relying on landscape 
ecology theory focus on landscape as a whole and relate biodiversity in the landscape with the amount and 
connectivity of habitats15,16. However, extrapolation from patch-scale to landscape-scale is not straightforward 
because a landscape is composed of many patches that differ in size and isolation15,17. Other mechanisms can 
also operate at landscape-scale (e.g. increased habitat diversity, landscape complementation) in addition to those 
operating at patch-scale (e.g. patch size, isolation)1 and processes and patterns are not necessarily consistent 
across spatial extents, meaning that multi-scale designs are necessary18,19. Developing a more comprehensive 
understanding of fragmentation effects on biodiversity thus requires further experiments at the landscape-scale1.

Second, landscape-scale experiments should be designed to discriminate the effects of both habitat 
quantity and fragmentation per se15. This can only be achieved by controlling for the amount of habitat, i.e. by 
investigating different levels of fragmentation at fixed habitat amount1. Even if previously conducted landscape-
scale experiments have dealt with a variety of systems and biological models, such as terrestrial2,20 and marine 
arthropods21 or micro-mammals12 this type of experiment remains scarce16. So far, most of these studies have 
also used limited ranges of habitat quantity and fragmentation levels22. Few studies have explored the effects 
of more than two levels of fragmentation for a given habitat quantity12,23. These studies showed a strong trade-
off between the range of habitat quantity and the levels of fragmentation investigated, limiting our in-depth 
understanding of their interactive and potentially non-linear effects6,24.

The third limitation relates to the lack of consideration of temporal aspects in landscape-scale experiments. 
After the loss and fragmentation of habitat, different facets of biodiversity (e.g., abundance, richness, composition) 
and different taxa (e.g., generalists vs. specialists, predator vs. prey) will respond differently through time. For 
instance, habitat specialists are expected to decline more quickly than generalists25. Transient effects can take 
place quickly after habitat loss, for instance animals can flee the degraded areas and colonize surrounding 
patches, temporarily increasing population densities in remnant habitat patches23. The response of organisms 
may also be delayed in time and therefore only observable in the long term, a phenomenon known as ‘extinction 
debt’26,27. The timing of observations will therefore largely influence conclusions on the effects of habitat loss 
and fragmentation.

To distinguish between the effects of habitat loss and fragmentation per se, we designed an innovative 
landscape-scale experiment in which a wide range of habitat amount (9 levels from 0 to 99% loss) was combined 
with three levels of fragmentation. Our experiment, called MESOLAND, is set up in a formerly cultivated dry 
grassland in La Crau plain (southern France). This ecosystem is characterized by a high stone cover, that provides 
suitable micro-climatic conditions for ground-dwelling arthropods to thrive in a particularly sunny, windy, 
and dry area28,29. We have implemented our habitat loss and fragmentation design by experimentally creating 
contrasting habitat patches (intact stone cover) with a landscape matrix (bare soil obtained by removing stones). 
Here, we monitored the short-term response of ground-dwelling arthropod communities to habitat removal 
in the months following the experimental manipulation, using a multi-facet approach to measure biodiversity. 
Because of the idiosyncratic responses of taxa to habitat loss and fragmentation30 we used a multi-taxa approach, 
with a focus on the responses of the most frequently captured groups. Indeed, some taxa such as woodlice and 
silverfish may be more sensitive to desiccation and less mobile than others (e.g. spiders), and are therefore more 
vulnerable to habitat loss and fragmentation31,32.

We therefore sought to answer the following questions:

	– How do habitat loss and fragmentation, separately or in interaction, affect the number of captures (i.e., the 
activity-density), taxonomic richness, diversity, and evenness of arthropod communities in the short-term?

	– Are different taxa differently affected by habitat loss and fragmentation in the short-term and how?

Methods
Study area
The dry plain of La Crau (600 km2), in southern France, is the former delta of the Durance river and is covered 
with grasslands33. This region is characterised by a Mediterranean climate with high inter-annual variability, low 
rainfall (400–500 mm per year) mainly in spring and autumn, long and hot summers and mild winters (average 
annual temperature: 14 °C). The sun shines for an average of 3,000 h per year and the very strong prevailing 
wind (‘’mistral’’) blows from the northwest 334 days per year, increasing evapotranspiration34. More than 40% 
of the soil surface is covered with stones that were transported by the Durance river more than 30,000 years 
ago34. The harsh climate, the sheep grazing for millennia and the limited access to underground water (due to a 
layer of impermeable conglomerate bedrock) have led to a short and thick vegetation dominated by perennial 
stress-tolerant species, such as Brachypodium retusum (Pers.) P.Beauv., 1812 and Thymus vulgaris, L. 1753 33. The 
original steppe was degraded during the twentieth century by intensive cultivation of cereals and melons and the 
installation of industries, decreasing its area by more than 80% 33.

Design of the MESOLAND experiment
Between October 2021 and February 2022, we installed 21 mesocosms of 10 × 10 m in a part of La Crau plain 
(Fig. 1). These experimental landscapes formed a double gradient of habitat loss and fragmentation. Habitat was 
defined as areas with a non-manipulated stone cover. The habitat loss was achieved through the experimental 
removal of large stones by hand (approx. 60 tons). Ground surface was then raked from January to February 
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2022 to remove the remaining stones with a diameter of at least 3 cm, creating a matrix of bare soil (Fig. 1). 
Changes in stone cover is known to alter the composition of beetle communities in this study system29. We 
previously showed that apterous beetles from this study system mostly remained within 1–1.5 m from their 
release point over a 48 h period35. Therefore, our 10 × 10 m mesocosms, though of moderate size, are considered 
as experimental landscapes, with the remaining habitat areas within them referred to as habitat patches (falling 
within the range of extent for experimental landscapes14). The matrix can be seen more as a highly degraded 
habitat than as a strictly inhospitable one36.

We created nine levels of habitat loss: 0, 36, 51, 64, 75, 84, 91, 96 and 99%. These discrete levels were selected 
to cover the full range of potential loss, from 0 to 99%, with more levels representing intermediate to high losses, 
as these are the levels where the debate typically occurs37 (Fig. 1).

Fig. 1.  Study design. (A) Aerial photo of the experimental site and landscapes (10 × 10 m each). (B) 
Experimental design forms a double gradient of habitat loss and fragmentation across all possibilities (grey 
surface). Selected levels are displayed as red and blue dots. ECA, the equivalent connected area is a measure 
of habitat reachability and is here calculated for a mean movement distance of 1 m. (C) Example of an 
experimental landscape with 75% habitat loss where patches and matrix can be seen, corresponds to blue dot 
in B.
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For each level of habitat loss, we designed alternative spatial configurations of the remaining habitat 
corresponding to three levels of habitat connectivity. To guide our selection, we used the equivalent connected 
area (hereafter ECA, Saura et al. 2011) as a connectivity index39,40. Here, the ECA was calculated based on the 
probability of reaching a habitat patch from another patch, following a negative exponential function of the 
distance among patches, with a decay parameter alpha = 1  m. This value was chosen because it corresponds 
to the distance that La Crau apterous beetles can cover in 48 h35. We then searched for habitat configurations 
(number of patches and inter-patch distances) that resulted in the highest, lowest and intermediate ECA values 
for each level of habitat loss, using a response surface sampling approach41. This ensures that our selection covers 
the entire field of possibilities and that the landscape-scale variables (loss and fragmentation) are as minimally 
correlated as possible42 (Fig.  1B). Hence, highly connected experimental landscapes contain a single habitat 
patch and for these, ECA is equal to habitat amount, i.e., it is maximal (for habitat loss levels: 0, 36, 51, 64, 
75, 84, 91, 96 and 99%, Fig. 1B). In poorly connected experimental landscapes, ECA is minimal for a given 
habitat loss (for habitat loss levels: 36, 51, 64, 75, 84, 91 and 96%). ECA was intermediate in the other cases 
(for habitat loss levels: 36, 51, 64, 75 and 84%). Obviously, experimental landscapes with 0 and 99% loss could 
lead only to one configuration (minimal fragmentation), and high loss levels (96 and 91%) resulted in little 
variation in experimental landscape structures since habitat loss and fragmentation are known to be correlated6. 
Therefore, only two levels of fragmentation were chosen for these (maximal and minimal fragmentation, Fig. 1). 
Fragmentation was further considered as a three-level factor: minimal, intermediate, maximal, leading to two 
uncorrelated variables (Kruskal-Wallis chi-squared = 0.598, df = 2, p-value = 0.742).

Our experimental landscapes were enclosed by 14-cm high, semi-buried steel garden fences (solid and slick 
material, as difficult to climb for our study taxa as pitfall traps, Pers. Obs.), to prevent the entry or exit of species 
under investigation. To ensure that they all corresponded to the same species pool, experimental landscapes 
were located close to each other (min: 2 m, max: 65 m). Habitat loss and fragmentation levels have been spatially 
distributed so that two experimental landscapes with similar modalities are not systematically close in space.

Sampling methodology and data collection
In each experimental landscape, we set up 13 pitfall traps in a tessellation-like regular pattern that covers at best 
the area and minimizes the distance between traps (2 m max., Supplementary 1). We chose to apply the same trap 
grid for all experimental landscapes because the main goal here was to understand how arthropod communities 
differ between experimental landscapes with varying habitat amount and fragmentation, irrespective of habitat 
vs. matrix36. The only adaptation we did was to ensure that each trap is located either frankly in the habitat or 
in the matrix and not straddling the two (traps are located at least at one metre from the habitat edge). We used 
plastic circular pots with a diameter of 84 mm and a depth of 100 mm.

We carried out six sampling sessions: five in spring (ca. every three week) during the arthropod activity 
season (16–17 March, 5–8 April, 3–6 May, 31 May-1 June, 22–23 June), and one in early autumn (6–7 October), 
after the dry season. The pitfall traps remained active for 48 h at each session, with the exception of April and 
May - peak arthropod activity months - when we kept them active for 96 h. Pitfall traps were kept dry and were 
visited every day. Individuals were released immediately after determination. Data from all pitfall traps within 
an experimental landscape were then pooled to describe variations in communities and taxa (16 days x 13 traps) 
at the scale of the experimental landscapes.

We counted and identified all non-flying arthropods larger than 2 mm that could not leave our experimental 
landscapes. Alive animals were identified to the lowest possible taxonomic level (family, genus or species) in the 
field. Individuals identified at the species levels were those species that are unique within their genus at our study 
site (e.g., the beetles Asida sericea or Poecilus sericeus). Individuals that could not be identified in the field were 
photographed for later identification.

Data analysis
All analyses were performed with R version 4.1.1 43.

On the one hand, we calculated four complementary metrics to describe the arthropod communities in 
experimental landscapes : (i) the total number of captures which reflects the total activity-density, (ii) the 
taxonomic richness, (iii) the Shannon diversity, and (iv) the PIE evenness which is readily interpretable as the 
probability that two individuals drawn from an assemblage in our study are from different taxonomic groups, 
and is largely independent of the number of organisms in the sample44. The last three measures were calculated 
at the family level, the lowest common taxonomic level for all groups. On the other hand, we investigated the 
number of captures for the five most common taxonomic groups: Araneae (spiders), Isopoda (woodlice), 
Opiliones (harvestmen), Coleoptera (beetles), and Zygentoma (silverfish, Table 1). For Araneae and Coleoptera, 
we also calculated the taxonomic richness, Shannon diversity and the PIE evenness at the family and genus levels 
respectively.

To test the effect of habitat loss and fragmentation on the response variables, we used generalized linear 
models. We systematically checked for normality and homoscedasticity of the residuals and used Gaussian 
family models (see Supplementary 5 for details on models). We ran a model selection by comparing models with 
all combinations of landscape variables (habitat loss, fragmentation level and their interaction) and a null model 
with the Bayesian information criterion (BIC). Models were fitted with linear and quadratic terms for habitat 
loss. Only models with the lowest BIC and ΔBIC > 2 were reported.

To test the effect of the range of habitat loss on our results, and assess their robustness regarding the design 
(i.e., different numbers or fragmentation levels per habitat loss level), we also compared the full data set (all 
experimental landscapes, N = 21) to two data subsets: subset A = excluding the two extreme experimental 
landscapes (0 and 99% loss, N = 19), i.e. keeping habitat loss levels with 2 and 3 fragmentation levels, subset 
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B = only experimental landscapes with three levels of fragmentation (i.e. experimental landscapes where habitat 
loss varies from 36 to 84%, N = 15).

To test the effect of landscape-scale variables on the composition of arthropod communities, we performed 
a redundancy analysis45 and a Permutational multivariate analysis of variance46. Prior, we tested the distribution 
(linear or unimodal) of captures along the gradient of habitat loss, we standardized environmental variables and 
applied a Hellinger transformation of raw data to consider the presence of multiple 0 47.

Results
Community-level responses to habitat loss and fragmentation
Over the 16 days of surveys carried out in 2022 with 273 dry pitfall traps, we captured 2 862 individuals 
belonging to 27 families (2 713 individuals that could be identified to the family level, Supplementary 4). Spiders 
represented 51% of the captures, woodlice 19%, harvestmen 13%, beetles 7% and silverfish 6% (Table 1). For 
spiders, the dominant families where Lycosidae, Titanoecidae, and Gnaphosidae (Supplementary 3). For beetles, 
captures were dominated by Asida sericea (Olivier), Poecilus sericeus (Fischer von Walheim), and Amara sp. 
(Supplementary 3).

Some of the best models included habitat loss, but none included habitat fragmentation (Supplementary 5). 
Hereafter, estimates are provided for habitat loss in the best models. The number of captures in each landscape 
significantly decreased with increasing habitat loss (estimates = −0.32 ± 0.12, t-value = −2.75, p-value = 0.01, 
R2

adj = 0.2, Fig.  2, Supplementary 5); both linear and quadratic relationships were found to be equivalent 
(ΔBIC < 2). This relationship remained significant when the two most extreme experimental landscapes (subset 
A) were removed from the analyses (estimates = −0.44 ± 0.15, t-value = −2.89, p-value = 0.01, R2

adj = 0.25), but 
not when restricting the data to the intermediate levels of habitat loss (subset B, Supplementary 5). Habitat 
fragmentation levels had no effect on the total number of captures. Habitat loss also led to a significant increase in 
the number of encountered families (richness, estimates = 0.03 ± 0.01, t-value = 2.47, p-value = 0.02, R2

adj = 0.16). 
This effect did not hold when the 0 and 99% loss experimental landscapes were removed (subset A), or when 
restricting the data to the intermediate levels of habitat loss (subset B). We found no other significant effects 
of habitat loss, fragmentation, or their interaction on the diversity, evenness, and composition of arthropod 
communities (Supplementary 5).

Discrepancies among taxa
We found a significant linear decrease in the number of woodlice (estimate = −0.25 ± 0.07, t-value = −3.61, 
p-value = 0.002, R2

adj = 0.34) and silverfish (est. = −0.06 ± 0.02, t-value = −3.04, p-value = 0.007, R2
adj = 0.25) 

caught with increasing habitat loss (dropped by more than 50%), but no effect of habitat fragmentation (Fig. 3). 
The decrease in the number of woodlice captured with habitat loss remained significant, but weaker, when 
removing the two most extreme experimental landscapes from the dataset (subset A – woodlice: estimate = 
−0.28 ± 0.12, t-value = −2.24, p-value = 0.04, R2

adj = 0.17) and when focusing on experimental landscapes with 
intermediate loss (subset B – woodlice: estimate = −0.24 ± 0.09, t-value = −2.48, p-value = 0.024, R2

adj = 0.16). The 
relationship was lost for silverfish.

The number of spiders, harvestmen and beetles caught in each experimental landscape was not influenced 
by our treatments. However, the number of spiders caught followed a significant quadratic relationship with 
habitat loss when focusing on experimental landscapes with intermediate loss (subset B: t-values = 2.8 & −2.8, 
p-values < 0.05, R2

adj = 0.23). No other effect was found on the taxonomic richness, the diversity or the evenness 
calculated at the family or genus level for spiders and beetles (Supplementary 5).

Discussion
The objective of this study was to investigate the short-term effects of habitat loss and fragmentation per se on 
arthropod communities in the new landscape-scale experiment MESOLAND. Here, we observed (1) a rapid 

Order Nb. of captures % of captures

Araneae 1448 0.506

Isopoda 542 0.189

Opiliones 378 0.132

Coleoptera 213 0.074

Zygentoma 172 0.060

Scolopendromorpha 41 0.014

Chilopoda 22 0.008

Julida 14 0.005

Hymenoptera 13 0.005

Embioptera 11 0.004

Neuroptera 5 0.002

Dermaptera 3 0.001

Total 2862 1

Table 1.  Repartition of the captures among the most common families.
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Fig. 2.  Effect of habitat loss on the number of captures (A) and the taxonomic richness (number of arthropod 
families, (B) at the community level. Relations are given for full dataset (black) and subset A (red). R2 display 
the adjusted R2 of all models, negative values corresponding to poor fit. Grey surfaces display the confidence 
intervals around models (Gaussian, 95%). Fragmentation levels are displayed as follows: circles = high 
fragmentation, triangles = intermediate fragmentation, squares = low fragmentation. * indicates models that are 
different from the null models.
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decline in the number of captures in response to habitat loss, driven by a decrease in the number of individuals 
captured for specialist arthropods (silverfish and woodlice), (2) an absence of short-term effects of habitat 
fragmentation on arthropod communities, and (3) a strong effect of the experimental design on the results, as 
we obtained contrasting responses to habitat loss when all the experimental landscapes were considered or when 
only a subset with intermediate habitat loss was selected.

Rapid decline of specialists in response to habitat loss
In the short-term, habitat loss had a negative impact on the total number of arthropods captured. The reduction 
in the number of captures with increasing habitat loss can be explained by two non-exclusive hypotheses. Firstly, 
several individuals may have died when their habitat was destroyed during the creation of the experimental 
landscapes. To generate a loss of habitat, we removed large stones by hand, then raked the surface of the ground 
to remove smaller stones. In doing so, we produced a major disturbance that probably directly caused the death 
of some individuals. Secondly, this loss was particularly driven by a decline in the number of habitat specialists 
(silverfish and woodlice) that may have died quickly after the disturbance, due to the loss of their habitat. In 
general, habitat specialists are more sensitive to changes in the area and quality of their habitat than generalist 
species, which can establish and persist in a wide range of habitats48. Silverfish31 and woodlice32 are known 
to be dependent on high humidity levels for their development and survival. Stone cover offers moister and 
cooler microclimatic conditions that are thus favourable to these taxa49. Contrary to these habitat specialists, 
spiders, harvestmen and beetles did not respond to habitat loss. For beetles, this lack of response contrasts with 
previous studies that observed more diverse beetle communities under the original stone cover29. For spiders, 

Fig. 3.  Effects of habitat loss on the number of captures of silverfish (top left), woodlice (top right), spiders 
(bottom left) and beetles (bottom right). In black, the relationships obtained with the full extent of habitat 
loss; in red, the relationships when removing extreme loss values, i.e. subset A. R2 display the adjusted 
R2 of all models, negative values corresponding to poor fit. Grey surfaces display the confidence intervals 
around models (Gaussian, 95%).  Fragmentation levels are displayed as follows: circles = high fragmentation, 
triangles = intermediate fragmentation, squares = low fragmentation. * indicates models that are different from 
the null models.
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more abundant and diverse assemblages have also been observed in the presence of stones, but for them, stones 
may serve more as shelters especially for immature spiders or as food reservoirs50. They can also use the micro-
topography offered by stones to build their web51 leading to different responses. It has also been suggested 
that short-term response of different taxa is dependent on their dispersal ability and mode52; and while our 
experimental landscapes are enclosed, some groups of spiders may also easily repopulate through ballooning 
(e.g. Gnaphosidae, Thomisidae, Salticidae are families in which ballooning has been observed53).

Importance of time since disturbance
Overall, the effects of habitat loss and fragmentation on arthropod communities were moderate to absent in the 
short-term. In particular, we observed no effects of habitat fragmentation at either community or group level. 
Unlike for habitat loss, even habitat specialists did not respond to fragmentation. These results are consistent with 
previous experimental studies in which the degree of fragmentation appears to have no effect on the number 
of captured arthropods in the first few months following habitat destruction10. This could mean that there is 
either no effect of habitat loss – on habitat generalists – and fragmentation – on all groups – in our experimental 
system, or that effects act mainly at the scale of a life cycle, meaning responses are delayed. Regarding the first 
hypothesis, this could be linked with the matrix we created which might still be largely permeable for the 
majority of arthropods54.

Regarding the second hypothesis, the short time that elapsed between the creation of the experimental 
landscapes and the arthropod survey may explain the limited responses we recorded. Abundance of organisms is 
ephemeral, especially after a disturbance, and may lead ultimately to species extinction54,55 a phenomenon known 
as extinction debt26. This concept refers to the number or proportion of focal habitat specialist species that are 
expected to eventually become extinct when the community reaches a new equilibrium after an environmental 
disturbance such as habitat loss56. Time to extinction may vary among species or groups according to three 
main factors: (1) Spatial extent and severity of environmental disturbance57. (2) Species life history and mobility 
traits58,59. (3) Availability of sufficiently large patches60. Monitoring our experimental communities over years 
will enable us to distinguish between no effects of fragmentation or simply delayed responses at the community 
level, in particular following a potential change that will occur in the vegetation cover and type61. We expect 
an extinction debt to be revealed in the coming years in our experimental set up because arthropods are short-
lived58 and because our experimental landscapes are enclosed (limited colonisation of new individuals or 
species). In a previous (non-enclosed) stone removal experiment conducted in our study area a reduction in 
beetle species richness was recorded four years after habitat destruction29. In our experiment, we also expect 
quicker extinctions in the experimental landscapes with stronger habitat loss but strong discrepancies among 
taxonomic groups.

A third hypothesis may also relate to spatial scale. Previous studies have shown that fragmentation impacts are 
often observed at larger spatial scales compared to the impacts of habitat loss62–64. We designed the experimental 
landscapes on the basis of observations of the movements of three species of apterous beetles present in the 
experimental area (La Crau), which showed an average movement distance of 1–1.5  m in 48  h35. For these 
species, patches separated by a distance of up to 2 m should appear to be physically separate. However, this is 
probably not the case for more mobile species such as spiders. These, especially active hunters, are indeed known 
to be capable of covering large distances, meaning habitat patches in our experimental set-up do not appear 
isolated from their perspective65. This is confirmed by the observations of spiders and harvestmen moving quite 
easily between patches in the experimental landscapes. As mobility greatly varies among taxa, and each taxon 
may also use different modes of mobility (e.g., movements related to feeding, mate searching, or dispersal) 
designing experimental landscapes at the community-level remain a challenge because experimental landscapes 
will always be too small for some groups and too large for others to detect response patterns.

Importance of experimental design and observation methods
Several previous papers warned that incomplete experimental designs may lead to misleading interpretations 
regarding the relative effects of habitat loss and fragmentation1,16,22. The design of our experiment was meant 
to be particularly extensive in exploring the full range of habitat loss and fragmentation and their interaction 
by following a surface response sampling scheme41. As recommended by Fahrig et al. [2], we used replicated 
experimental landscapes with the same levels of habitat loss but varying levels of fragmentation. Our 
results confirm the necessity of using such an exhaustive design to disentangle the effects of habitat loss and 
fragmentation. Indeed, we observed different relationships between community-level variables and habitat 
loss when considering all our experimental landscapes or only a subset with intermediate habitat loss, or when 
removing both extreme loss levels (0% and 99%). For instance, the total number of captures did not respond to 
habitat loss when focusing only on 36–84% loss range. However, the relationship was maintained when removing 
only the two extremes (0 and 99% habitat loss).

An exhaustive design means there are fewer experimental landscapes representing the extreme conditions 
because the options to create experimental landscapes with similar loss and different fragmentation were restraint 
(2 levels of fragmentation for 96 and 91% loss and 1 level for 0 and 99% loss). This quest of exhaustiveness 
had also to be balanced by a lack of true replicates for each experimental landscape which was not logistically 
feasible66. Such an approach could indeed hinder other effects related to initial heterogeneity. In our case, 
local heterogeneity in stone cover or arthropod distribution could have been reinforced by past uses such as 
agriculture and pastoralism67. This could explain the counterintuitive increase in family richness we observed 
with increasing habitat loss. However, this effect disappeared when both extremes of the gradient (0 and 99% 
habitat loss) were removed and when focusing on intermediate levels of habitat loss (16 to 64%).

In conclusion, arthropod communities in our experimental landscapes showed little or no response to 
habitat loss and fragmentation during the first months following habitat destruction, i.e. in the very short-term. 
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Consistent with theoretical concepts and empirical data, habitat specialists are the first to be affected, and only 
by habitat loss, suggesting that this is the main driver of community change in the short-term and at small spatial 
scales1,68. In the coming years, the MESOLAND experiment will enable us to closely monitor the response 
dynamics of arthropod communities over the medium and long term, which will provide essential data for 
distinguishing the effects of habitat loss and fragmentation.

Data availability
Data are provided in the supplementary materials.
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