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Abstract

1. The replacement of natural areas due to urbanisation represents a major threat to

wildlife. Wild species may be classified according to their response towards urban

areas. Such responses lead to persistence (exploiters and tolerant) or local extinction

(avoiders) of species within cities, which in turn contributes to shaping the assemblages

found therein, usually according to specific sets of ecological and morphological traits.

2. Here, we focus on Orthoptera as a model group to test hypotheses on the relation-

ships between species’ traits and persistence in urban environments, using the city of

Rome, Italy, as study area. By compiling and comparing species checklists for two dis-

tinct time frames, we assessed assemblage variation across the last three decades

and revealed that local extinction of Orthoptera in urban areas is trait-biased.

3. Species with low mobility and fertility, and narrower—more specialised—climatic

niches showed higher probability of local extinction.

4. Our results point at both climate and land use changes as potentially major drivers

of orthopterans’ local extinction in urban areas, suggesting that strategies to

increase natural habitat preservation and connectivity, and mitigate climate-change

induced events, may both prove effective in sustaining richer insect communities

within urban areas.
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INTRODUCTION

Urban areas are expanding at alarming rates all over the world

(Yang et al., 2018), with well-recognised adverse effects on biodiver-

sity due to habitat deterioration and direct replacement with deeply

modified cover, for example, the impervious surfaces of buildings and

infrastructures (Piano et al., 2020). Such replacement has profound

impacts on wildlife, which may be classified according to their

response by urban ecologists as either exploiters/tolerant or avoiders

of urban areas (Callaghan et al., 2021; Fischer et al., 2015; Santini

et al., 2019; Tryjanowski et al., 2020). Such responses in turn lead to

persistence or local extinction of species within cities, a process that—

together with colonisation and introduction events—determines the

structure of urban wildlife assemblages (Aronson et al., 2016).

Despite that urbanisation per se mostly implies the disappearance

of natural habitats, many cities around the world are characterised by

a set of green spaces derived by different processes, for example, spe-

cific urban development planning or unintentional abandonment

(Gandy, 2016). Cities may thus still feature relatively species-rich wild-

life assemblages, particularly in the case of highly mobile taxa such as

birds and butterflies (Hall et al., 2017; MacGregor-Fors et al., 2016).

Yet, the high unpredictability of urban areas due to, for example, reno-

vation and development, jointly with the implicit higher risk of sto-

chastic events of small areas and populations living therein, poses a

serious challenge to wildlife, with high rates of local extinction being

recorded, in comparison to more natural areas (Aronson et al., 2017;

Grimm et al., 2008). The urban environment is known to selectively

filter species from the surrounding natural habitats according to
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specific traits—or sets of traits—that play major roles in allowing spe-

cies to persist in such highly modified areas (Aronson et al., 2016;

Grilo et al., 2022; Planchuelo et al., 2020). Specific key traits are well

known and relatively conserved among vertebrates, with species char-

acterised by high behavioural plasticity, reproductive outputs and

dispersal capabilities being more likely to adapt and persist to life in

the city. Conversely, very little is known on comparable traits among

invertebrates (Diamond et al., 2023; but see: Piano et al., 2017).

Within the scientific literature on urban wildlife, insects have

been in fact mostly neglected as targets, with higher attention being

posed to vertebrates (Di Pietro et al., 2021). Nonetheless, insects rep-

resent a significant portion of wild species occurring within cities

worldwide, beside playing key roles in trophic and pollination

networks, that is, sustaining functioning ecosystems and their associ-

ated services (Losey & Vaughan, 2006; Steffan-Dewenter &

Westphal, 2008). Moreover, the peculiar conditions found in many

artificial (recreational) urban green spaces, such as the occurrence of

large or senescent trees in historical parks and villas, may also provide

unexpected profitable habitats even to highly specialised insects, as in

the case of saproxylic beetles (Fattorini & Galassi, 2016; Horák, 2018).

Conversely, species more strongly associated with habitat types that

are rarely featured within anthropogenic green spaces, for example,

natural or semi-natural grasslands and wetlands, may be at higher risk

to become locally extinct following urbanisation (New, 2015).

Here we focus on Orthoptera, that is, crickets, grasshoppers and

bush crickets, as a model group to test hypotheses on the relationship

between species’ traits and adaptability to urban environments, using

the city of Rome, in Italy, as study area. European orthopterans are

excellent models to study the long-term effects of land use changes,

since they feature subtle and usually highly specific relationships

with vegetation structure (Labadessa et al., 2015; Whiles &

Charlton, 2006), are sensitive to anthropogenic modifications at sev-

eral scales (Báldi & Kisbenedek, 1997; Labadessa & Ancillotto, 2022;

Rácz et al., 2013) and their diversity includes species with diverging

ecological needs and functional traits, for example, in terms of size,

mobility, diet and habitat preferences (Moretti et al., 2013). Here we

compare two Orthoptera faunal checklists from the urban area of

Rome in the last decades, and predict that urban orthopterans’ proba-

bility of persistence within urban areas will be biased according to

specific sets of physiological, morphological and life-history traits.

More specifically, and based on studies on other taxa—such as butter-

flies, birds and mammals (Callaghan et al., 2021; Fraissinet et al. 2023,

Santini et al., 2019)—we predict that higher values of traits related to

reproductive output and dispersal abilities may foster species’ persis-

tence in urban areas through time, while we conversely expect a neg-

ative effect of specialisation degree.

MATERIALS AND METHODS

Study area

We conducted our study in the metropolitan area of Rome, central

Italy, the largest Italian city and one of the most ancient urban areas in

Europe, covering approximately 36,000 ha and hosting ca. 6 million

inhabitants. The area is strongly dominated by built-up surfaces com-

prising sparse to high-density districts, yet is also densely interspersed

by a network of green spaces (numbering 1798 public green areas,

cumulatively covering 17,300 ha), including natural, semi-natural, rec-

reational and agricultural areas. Climate is typically Mediterranean,

with annual mean temperatures ranging from 18.9 to 31.7�C in

summer to 2.8–11.7�C in winter, and precipitation is concentrated in

autumn. Rome covered only 1400 ha and counted 200,000 inhabi-

tants up to 1870s, yet most of its urban development occurred after

World War II, as for many other Italian cities, so that most of the land

use changes occurred between 1940 and 1960, and mainly consisted in

the replacement of natural grasslands and shrublands with croplands

and built-up areas. Subsequently, a more recent urban expansion

occurred in the 1980–1990 decade, consisting in mostly unauthorised

development (reviewed in: Zapparoli, 1997a, Zapparoli, 1997b). For this

study, we considered the territory encompassed by the great ring road

(‘Grande Raccordo Anulare’) as the focal study area, as in other studies

targeting Rome’s wildlife and urban landscape (Ancillotto et al., 2019; Di

Pietro et al., 2021; Fattorini & Galassi, 2016).

Orthoptera checklists

We compiled two comprehensive checklists of Orthoptera species

occurring within the study area, namely one including data published

in the 1990s and including records from the literature and from pri-

vate and public collections, and one with exclusively recent records

(2010–2022). The former was listed after the most updated checklist

of insects available for Rome (Zapparoli, 1997b), integrated with data

from the CKmap project (‘Checklist and distribution of the Italian

fauna’; Latella et al., 2007) and additional published records, excluding

data dating back to before 1945. As such, this list mainly derives from

non-systematic field sampling on all insect taxa, which took place in

the 1950s and 1990s at specific locations within the study area and

whose sampling effort is unknown. Within this checklist, 14 sites

include data on orthopterans. The latter—more recent—checklist was

instead compiled by conducting ad hoc repeated surveys in selected

green areas (n = 22) conducted in 2022 by adopting a mix of visual-

acoustic and net-sweeping methods (Sperber et al., 2021), as well as

opportunistically collected records by the authors and citizen scien-

tists from the ‘Rome’s Orthoptera’ project on the iNaturalist platform

(https://www.inaturalist.org/projects/ortotteri-di-roma-rome-s-

orthoptera, including records from 2010 to 2022). Specifically,

we sampled at all localities for which at least one species was

recorded in the first checklist, plus additional sites highly repre-

sentative of Rome’s urban biodiversity (N sites = 8); all sites

were surveyed 2–6 times between May and October 2022, in

order to decrease the possibility of false absences in the recent

list. We refrained from conducting quantitative assessments of

changes in the relative abundances of species present in the

study area due to the lack of knowledge on the sampling effort

and techniques adopted to compile the 1997 checklist. None-

theless, we controlled for potential biases in Orthoptera species
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detectability by specifically conducting field sampling in 2022 at

the same sites mentioned in the checklist from 1997. Besides, in

order to visualise the 2022 checklist completeness in terms of

species recorded, we also checked the species accumulation

curve by using the specaccum function in the vegan package for

R (Oksanen et al., 2013), that is, assessing whether the number

of species detected in the study area reached a plateau along

the sampling sessions (n = 62).

Orthoptera traits

For each species featured within either of the compiled checklists,

we retrieved a set of ecomorphological traits (Table S1 in Supple-

mentary materials) that are known to potentially affect species’

success in changing environments (e.g., Banaszak-Cibicka &
_Zmihorski, 2012). Specifically, we collected traits related to physiol-

ogy (reproductive output, assessed as the numbers of eggs pro-

duced, Gossner et al., 2015), and morphology/movement abilities

(flight dispersal potential, assessed as the ratio between forewing

and body lengths; terrestrial mobility index, calculated as the ratio

between hind femur and body lengths). All measurements were

taken from Iorio et al. (2019) and represent maximum recorded

values from individuals sampled in Italy. We also classified species

according to their life form, by following Rácz et al. (2013), that is,

as either chortobionta (grass dwelling), thamnobionta (shrub/herba-

ceous canopy-dwelling), geobionta (ground-dwelling) or geo-

chortobionta (ground- and grass-dwelling), as well as according

to their habitat preferences, extracted by species’ habitat

descriptions by Iorio et al. (2019), and reclassified into dry grass-

lands, wetlands (including wet grasslands), forest and generalist

species. Additionally, we also assessed climatic niche specialisation

by following an Environmental Niche Factorial Analysis (ENFA). For

each species, we first extracted climate data at occurrence points as

downloaded from the Global Biodiversity Information Facility (www.

gbif.org), using a set of six a priori variables downloaded from

Worldclim2 (Fick & Hijmans, 2017), with a 1-km (30 arc seconds)

resolution, while climatic environment background was extracted by

5000 random points. For this testing, we used Italy as study area.

Variables were those retained as most relevant in previous works

on European orthopterans (Feldmeier et al., 2018; Labadessa &

Ancillotto, 2022), that is, annual mean temperature (Bio01), iso-

thermality (Bio03), mean temperature of driest quarter (Bio09), mean

precipitation of driest month (Bio14), precipitation seasonality

(Bio15) and precipitation of coldest quarter (Bio19).

Ecological Niche Factor Analysis (ENFA) was then conducted

using the CENFA package in R (Rinnan & Lawler, 2019), using all

occurrences retrieved. ENFA is a multivariate technique that summa-

rises the environmental volume along two axes, namely marginality

(M) and specialisation (S). Conventionally, S values >1 indicate a spe-

cialised niche (Labadessa & Ancillotto, 2022). For our purposes, we

extracted the latter as an indicator of climatic niche breadth for our

set of species.

Statistical analyses

We assessed both direct and indirect effects of ecomorphological

traits upon species’ persistence in the study area by following a struc-

tural equation modeling (SEM) approach, namely using path analysis

as implemented by the lavaan package (Rosseel, 2012). For this analy-

sis, we only retained species for which our sampling ensured an

acceptable degree of certainty of species’ occurrence, that is, we

excluded taxa inhabiting underground sites, woodland leaf litters or

that are myrmecophile, thus including only families Acrididae, Tetti-

goniidae and Tetrigidae (N = 63). Path analysis is a technique that

allows to test a priori hypotheses about causal relationships among

selected variables (Wootton, 1994) by performing multiple regres-

sion tests to a set of pre-defined relationships. This approach thus

allows to decompose and estimate the relative strengths of direct

and indirect effects of variables upon a specific response of interest.

The designed path in our case study included the effects of traits

upon species’ fate between the two checklists, coded as 1 (local

extinction) or 0 (persistence) in the study area. Namely, to determine

whether a species went locally extinct or not within the considered

time interval, we assumed that (i) species found in 1997 and not in

2022 were genuinely extinct (an assumption justified by the direct

search for species in their known locations as well as by following a

more systematic approach than that from 1997), and (ii) species

found in 2022 and not in 1997 represented false absences in the

first checklist, that is, they are assumed to have already been

present—but undetected—in the area. Consequently, we excluded

any colonisation dynamics, thus not considering for this analysis the

only species that has been expanding its range across Europe

(including Italy) in recent years, that is, Eyprepocnemis plorans

(Labadessa et al., 2018).

Relationships among the explaining variables were also tested,

together with the indirect effects on species’ probability of extinction,

based on both published evidence and potential effects that may be

expected (Figure 1). Overall model fit was assessed with a Chi-square

(χ2) goodness-of-fit test, with the root-mean-square error of

F I G U R E 1 Hypothesised relationships (black arrows) between
ecomorphological traits of Orthoptera and species’ probability of local
extinction.
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approximation index (RMSEA), and the comparative fit index (CFI). For

all the tested relationships, we evaluated standardised coefficients and

associated p-values, considering as significant those with values >j0.1j
and <0.05, respectively.

RESULTS

We retrieved evidence of occurrence for 85 Orthoptera species in

Rome; from these, we excluded seven species whose geographical

attribution is likely erroneous or doubtful (n = 3), have probably been

misidentified (n = 2), are introduced (n = 1) or whose taxonomic sta-

tus is unclear (n = 1), leading to a total of 78 species from 10 families

(Acrididae: n = 31; Tettigoniidae: n = 28; Gryllidae: n = 7; Tetrigidae:

n = 5; Oecanthidae: n = 2; Gryllotalpidae: n = 1; Mogoplistidae:

n = 1; Myrmecophilidae: n = 1; Raphidophoridae: n = 1; Trigoniidi-

dae: n = 1; see Table S2 in Supplementary materials for the full list of

species within each checklist). A slight net decrease in richness was

evident between the two checklists (from 68 species in 1997 to 54 in

2022); only 44 species were actually shared between the two lists,

since 10 were newly detected in 2022, while 24 species went locally

extinct in the time interval between the two checklists. The 2022

checklist proved to be satisfactorily complete in terms of numbers of

detected species, since the species accumulation curve clearly

reached a plateau well before our last sampling occasion, that is, we

are confident that the 2022 checklist provides a genuine picture of

the species present at the sampled locations (Figure S1 in Supplemen-

tary materials). Moreover, the retrieved 419 records from citizen sci-

entists accounted for 48 species, only one of which was not detected

by our field sampling (namely: the fossorial Myrmecophilus myrmeco-

philus), corresponding to <2.5% of the overall species richness from

the 2022 checklist, further supporting the exhaustiveness of our

sampling.

Overall, our SEM—built on a subset of species (N = 63)—fits well

to data (χ2 = 0.10, p = 0.06; RMSEA<0.1, CFI = 0.85), highlighting

that the probability of extinction of Orthoptera is significantly affected

by a set of functional traits that characterise the species found in the

study area (Figure 2). Fertility and mobility both showed negative

effects on the probability of extinction, with species that produce more

eggs and are more mobile being less likely to disappear from the study

area in the considered time interval (Figure 3a,b). Climatic niche speciali-

sation showed the strongest—positive—effect on species’ probability of

extinction, featuring a regression coefficient > three times those of

other significant predictors, and indicating that taxa that are more spe-

cialised were more likely to go locally extinct (Figure 3c). From a habitat

perspective, species associated with wetlands (among Acrididae) and

dry grasslands (among Acrididae and Tettigoniidae) were disproportion-

ately likely to go extinct, if compared to those associated with forests

or to generalist taxa (Figure 3d). Indirect effects that modulated some

of these relationships also emerged, since we detected a significant pos-

itive effect of flight dispersal potential on fertility, indicating that more

dispersive species also tend to produce more eggs. Moreover, species’

life form also correlated with mobility, that is, thamnobionta showed

higher potential mobility values than all other forms.

DISCUSSION

The study of urban assemblages and their variation in the last three

decades revealed that local extinction of Orthoptera in urban areas

is trait-biased, with significantly higher rates for species with low

mobility and fertility, and narrower—more specialised—climatic niches.

The urban area of Rome is home to a rich community of orthop-

terans (numbering 68 and 54 species in 1997 and 2023, respectively),

if compared to those recorded in the few urban areas systematically

investigated in Europe so far (e.g., 21 species in Wien: Huchler

et al., 2022; 25 species in Basel: Melliger et al., 2017). Such high biodi-

versity is not unusual for Rome, due to the high variety of green

spaces still present within the urban matrix, all providing excellent

opportunities to a high diversity of orthopterans, similarly to what is

observed among other taxa (Ancillotto et al., 2019; Di Pietro

et al., 2021; Fattorini & Galassi, 2016). Our temporal analysis though

reveals that such high diversity of urban orthopterans is paired to rela-

tively high levels of species erosion in the last decades, due to several

apparent extinctions and, possibly, very few genuine faunal acquisi-

tions. This result is also in agreement with those by Piano et al.

(2020), who found poorer and more homogenised orthopteran com-

munities at increasing degrees of built-up cover. Moreover, we high-

light that most records from the first checklist we adopted as baseline,

dating back to 1997, partially overlap with both development waves

that occurred in Rome in the 20th century. As such, it is also possible

that our first checklist was already deprived of more sensitive species

that may have already gone extinct or decreased to low population

sizes, as an immediate response to urbanisation. Since we cannot

exclude this scenario, we disclose that our results may possibly indi-

cate only mid-to-long-term responses of orthopterans to urbanisation.

The approach we adopted does not allow for quantitatively

assessing assemblage changes in time, since methods used to com-

pile the first checklist are not available and repeatable. Nonethe-

less, we are confident to have minimised the risk of recording false

F I GU R E 2 Path analysis explaining the probability of local
extinction of Orthoptera (n species = 63) in the urban area of Rome
(Italy) between 1997 and 2022, based on comparison of faunal
checklists. Reported values for each relationship are standardised
regression coefficients. Only coefficients with p < 0.05 are shown.
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absences and interpret them as local extinctions by, for example,

exhaustively sampling orthopterans in 2022. As such, the observed

patterns may genuinely reflect actual ecological responses, rather

than potential trait- or method-based biases in species’ detectabil-

ity. Even so, we still recommend caution in interpreting species’

absences as genuine extinctions, since detecting populations occur-

ring at very low densities may be challenging over such a large

study area as ours (Watts et al., 2008), and should thus be consid-

ered as apparent extinctions only.

Species loss in Rome in the last decades was non-random among

orthopterans, since probability of apparent extinction was influenced

by a few key traits. Namely, climate niche specialisation played a

major role in affecting whether species persisted or not in the study

area. A key process in urban ecology is the so-called urban-heat-island

(UHI) effect, that is, a set of environmental and structural conditions

typical of cities, that leads to overall higher temperatures throughout

the year, in comparison to similarly located natural environments

(Arnfield, 2003). As a consequence of the UHI effect, temperature

extremes during heatwaves, usually associated to droughts, are more

frequent and intense in large urban areas than in the surrounding

landscapes, potentially resulting as a major threat to urban popula-

tions, particularly in the case of species adapted to narrow environ-

mental or climatic conditions (Maxwell et al., 2019; Ummenhofer &

Meehl, 2017). Our approach did not allow us to identify the direct

causes of decline and extinction of species from our study area, so we

cannot comment on whether the climatic niche measure we adopted

actually captured a genuine climate-related response. Nonetheless,

temperature patterns in Rome showed a significant trend in the last

20 years, with an estimated yearly increase of 0.1�C for both average

and maximum temperatures, a value significantly higher than those

measured in extra-urban areas nearby (Di Bernardino et al., 2022).

Besides, Rome has also been classified among the top-ranking

European cities at higher risk of heatwaves (Smid et al., 2019). Ther-

mal stress may both directly and indirectly affect orthopterans, for

example, by inducing vegetation changes (Welti et al., 2020), and sig-

nificant distributional and compositional changes have been docu-

mented in floral assemblages in the study area (Fratarcangeli

et al., 2022). Thus, we are confident that the decrease in narrow

climatic-niche species from our study area in the last decades may

represent a genuine response of orthopterans to the disproportion-

ately pressing effects of climate change in urban areas. Noticeably, a

decrease in specialisation degree at community level in response to

urbanisation has also been documented in France (Penone

et al., 2013), suggesting that the loss of specialised species is a consis-

tent response to urbanisation by orthopteran assemblages. Moreover,

climate niche—in terms of mean temperature within range—also

proved as a key trait in classifying butterflies as either urban

exploiters, tolerant or avoiders (Callaghan et al., 2021), suggesting a
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F I GU R E 3 Relationships between probability of extinction and ecomorphological traits of Orthoptera (n species = 63) in the urban area of
Rome (Italy), between 1997 and 2022. Probability of extinction is calculated by generalised linear models with binomial error distribution, run on
the comparison of checklists from 1997 and 2022; (a) fertility, approximated by the numbers of eggs produced per reproductive event;
(b) mobility, as the ratio between hind femur length and total body length; (c) climate niche specialisation, assessed by Environmental Niche
Factorial Analysis; (d) favoured habitat: Dr, dry grasslands; Fo, forests; Ge, generalist; We, wetlands and wet grasslands.
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consistently major role of temperature tolerance in shaping insect

responses to urbanisation.

Reproductive output and mobility are also relevant traits that

shape urban wildlife assemblages (Fenoglio et al., 2021), including

orthopterans in our case study. Specifically, a visual inspection of the

relationship between these traits and extinction reveals an increase in

the probability of local disappearance for species laying <30 eggs per

reproductive event, as well as featuring a mobility index <0.5, indicat-

ing that K-selected species and those with lower femur/body ratios

(i.e., species assumed to be less mobile) are significantly at higher risk

of extinction in urban areas. Both traits may be directly related to the

maintenance of functional meta-population dynamics, particularly in

highly unpredictable and fragmented environments such as cities, as

also demonstrated for several mammalian orders (Santini et al., 2019),

birds (Fraissinet et al., 2023) and insects (Fenoglio et al., 2021). These

results also agree with other studies (Merckx et al., 2018; Piano

et al., 2020) that highlighted the role of urbanisation in increasing

community-weighted body size of orthopterans in comparison to

non-urban assemblages. Urban areas are strongly characterised by the

fragmentation of natural and semi-natural environments, yet also by

highest rates of land use changes, due to renovation, abandonment

and development. While many orthopterans may be well-suited to

deal with land use changes in more natural contexts, for example,

being able to colonise newly available habitats relatively quickly

(e.g., Alignan et al., 2018), such ability may be significantly impaired in

urban areas, particularly in the case of brachypterous and apterous

species. As an example, the Italian endemic and flightless Ephippiger

zelleri was considered as very common in the past decades in central

Italy, also being recorded within several urban parks of Rome since

the late 1990s (Zapparoli, 1997a; Zapparoli, 1997b), while it is now

apparently absent from the study area and considered as Endangered

within the European Red List of Orthoptera by IUCN (Hochkirch

et al., 2016). Interestingly, mobility and fertility were also identified as

key traits in shaping Orthoptera strategies to deal with environmental

unpredictability in floodplain habitats (Dziock et al., 2011), suggesting

that reproductive outputs and dispersal abilities are consistently

important for orthopterans in rapidly changing environments.

Beside species’ mobility and fertility, association with different

habitat types also influenced the probability of local extinction.

Namely, orthopterans associated with wetlands and dry grasslands

tended to disappear from the study area. Such an overall pattern

across taxonomic groups was though most probably driven only by

Acrididae and Tetrigidae in the case of wetlands, since none of the

Tettigoniidae occurring in this habitat type went extinct in the consid-

ered time window. Both dry grasslands and wetlands are habitats at

high risk of replacement in urban areas, due to their association with

geomorphological and edaphic conditions that are also favourable for

agricultural/pastoral reclamation and urban development (Labadessa

& Ancillotto, 2023). Both these habitats are mostly disappearing at

faster rates than others, such as forests, in cities worldwide (Kingsford

et al., 2016), and are highly affected by small-scale management prac-

tices (e.g., mowing) that deeply affect the orthopteran assemblages

they host (Huchler et al., 2022). In our specific case, the most recent

development in Rome included both urban development/expansion at

the expense of formerly agricultural areas and reclamation of aban-

doned sites (Filibeck et al., 2016), the latter resulting in deeply modi-

fied floral assemblages that show lower suitability to orthopterans

associated with dry grasslands. This is also evident in our study area,

where at least one site featuring a large semi-natural grassland area in

the 1990s was subsequently replaced by intensive cropland in the

time interval between the two checklists, resulting in the current

absence of suitable habitats to several species previously recorded

(L. Ancillotto, pers. comm.). Namely, the low aesthetic appreciation by

urbanites of spontaneous vegetation that characterises natural and

semi-natural grasslands facilitates the replacement of such habitats

with recreational green spaces (e.g., mowed and irrigated lawns) by

land managers. Nonetheless, increasing awareness of biodiversity

values among urbanites has been recently recorded across Europe,

suggesting the potential for a change of paradigm in the management

of urban green spaces (Fischer & Kowarik, 2020; Lampinen

et al., 2021).

Ultimately, our results shed light on the relationship between

insect diversity and urban environments, highlighting that local

extinction risk of orthopterans in deeply modified environments,

such as the large city where we conducted our study, is also

shaped by species’ characteristics. As such, specific functional traits

should be taken into consideration when evaluating species’ vulner-

ability to urbanisation. Our exercise represents an asset to future

conservation assessments of orthopterans, as well as a useful—and

easily repeatable—workflow for a better-informed planning and

management of urban green spaces of wildlife-inclusive future cit-

ies. More specifically, our work highlights the potential value of

local checklists and of resampling campaigns in disclosing ecological

processes, evidencing which characteristics shape species’

responses and, in turn, fostering prioritisation exercises for

conservation.
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