
Journal of Orthoptera Research 2025, 34(1) 

Journal of Orthoptera Research 2025, 34(1): 69–75

Abstract

Mitigating the biodiversity crisis will require an understanding of how 

species cope with various human disturbances of habitats ranging from 

fully natural environments to areas with higher anthropization levels. In 

this study, we investigated how the local demographics of Clonistria guade-

loupensis (Redtenbacher) relate to human disturbances such as agricultural 

fields, roads, and urbanization in Guadeloupe. We sampled the species 

in diverse environmental situations in the wild, both on and around fo-

cal food plants, and recorded the habitat characteristics. We subsequently 

analyzed the demography of the juvenile, subadult, and adult stages. We 

found minimal impact of anthropization factors, with a tendency of the 

species to be associated with habitats with greater anthropization levels, 

possibly because such habitats are generally more open. We also found 

variation in local aggregation levels of the developmental stages, which 

may reflect bias in dispersal during the adult stage in which males are high-

ly motile. Overall, the species shows ecological preferences appropriate for 

coexistence within areas of human disturbance.
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Introduction

The ongoing biodiversity crisis is among the most important 

challenges of this century (Cardinale et al. 2012, O’Connor et al. 

2020). Indeed, human activities have considerably reduced the 

amount of space available for wildlife, and the current rate of spe-

cies extinction has raised concerns about protecting nature and 

preventing further losses in species diversity (Tilman et al. 2017). 

However, the impact of human activity is often asymmetrical, as 

some species are adapting to new ecological niches created by 

human expansion, including urbanized habitats (McDonnell and 

Hahs 2015, Vrbanec et al. 2021). Recent scientific debates have 

arisen over which approach to the biodiversity crisis would lead to 

greater conservation benefits, such as whether agriculture should 

be intensified so as to decrease cultivated surface and thus free 

space devoted to wildlife, or made more extensive so as to cre-

ate natural–anthropized continuums where both human activity 

and wildlife can coexist (Whittaker et al. 2005, Baudron and Giller 

2014, Loconto et al. 2020). Thus, the study of species distribu-

tion in both untouched primal areas and anthropized habitats is 

relevant to the issues of diversity and conservation (Elphick 2000, 

Brand and Snodgrass 2010).

Some conservation studies have shown bias toward species 

that humans most closely identify with, a process known as ‘verte-

brate bias’ (Titley et al. 2017, Davies et al. 2018, Raja et al. 2022). 

This bias is present in both choices for natural reserves and in the 

study of anthropized habitats (Dearborn and Kark 2010), with less 

research being done on animals such as insects despite recent re-

newed interest in pollinators and the service they provide (Hall et 

al. 2017, Wenzel et al. 2020, Ayers and Rehan 2021). It is impor-

tant to reduce this gap in the knowledge to better assess the impact 

of anthropization gradients, especially regarding insect diversity 

(Diamond et al. 2022).

The anthropization levels of degraded environments are 

known to impact insects, usually negatively (Fenoglio et al. 2020, 

Collins et al. 2024), depending on ecological specialization of 

species (Rocha and Fellowes 2020, Perez et al. 2022), the impact 

of nature-management in urban areas (Sanetra et al. 2024), and 

the insect order itself (Sempe et al. 2024). This implies a need 

to understand how increased human disturbances in already-an-

thropized areas affect insect populations as they adapt to the new 

environments (Diamond et al. 2022, 2023).
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Increasing urbanization has a triple impact on biodiversity. 

First, it may be beneficial by creating habitats ready for coloni-

zation by wild species in places that were previously different in 

nature or unsuitable (Fattorini 2016, Fenoglio et al. 2021), al-

though this usually favors more cosmopolitan species (Adams 

et al. 2020) and the dynamics will depend on the local carrying 

capacity of the urban niches. Second, increasing urbanization can 

disrupt dispersal paths and increase population isolation (Barr 

et al. 2021), sometimes leading to strict delineation of habitats 

and lower diversity among low dispersers (Muñoz et al. 2015). 

The same pattern is seen with roads, which can both mediate dis-

persal (Andersson et al. 2017) or reduce population size (Martin 

et al. 2018, Bhardwaj et al. 2019), with intensity depending on 

local road management (e.g., New et al. 2021). Third, intensive 

agriculture, as part of increased urbanization, is a major driver of 

insect loss worldwide (Raven and Wagner 2021, Uhler et al. 2021, 

Powell et al. 2024), mostly due to the chemical control of crop 

pests. These three disturbances can impact local fauna at various 

levels (González-Césped et al. 2021), especially in the Caribbean 

islands where the constraint of insularity makes the anthropiza-

tion continuum somewhat abrupt in terms of gradation.

In this study, we focused on a nocturnal and locally com-

mon species of stick insect, Clonistria guadeloupensis Redtenbacher, 

1908, to investigate the impact of environmental anthropization 

on demographics and dispersal. We delineated the effects of agri-

cultural activity (distance from sample to first fields) and human 

occupancy (distance from sample to first buildings and roads, 

respectively) and used statistical analysis to determine whether 

these disturbances impacted the number of juveniles, subadults 

and adults and the adult sex ratio. Our aim was to describe the 

effect of these disturbances on a relatively generalist species with 

moderate dispersal ability and to determine the species’ potential 

for establishment in anthropised and degraded environments.

Materials and methods

Study species.—Clonistria guadeloupensis is a slender stick insect spe-

cies found throughout Guadeloupe and its dependencies, both 

in wet, tropical forests and xeric, degraded habitats (Lelong and 

Langlois 2001). The species was initially split into two putative 

species based on ecological specialization (ecotypes): C. guade-

loupensis sensu stricto, found in hygrophilic forests, and a yet unde-

scribed Clonistria sp., found in more xeric environments. The spe-

cies (or morphs) were distinguished primarily based on size, with 

C. guadeloupensis being larger in size. Recent investigations have 

proposed a status of species complex due to inconsistencies in the 

body size delineation criterion and range, as there is significant 

overlap between the hygrophilic and mesophilic forms (Jourdan 

et al. 2023). This species complex is found in a wide array of habi-

tats in both undisturbed and anthropized areas and is known to 

feed on wild vegetation and plant species associated with human 

crops (e.g., guava, pigeon peas, etc.). Adults and subadults are eas-

ily sexed as the species is sexually dimorphic.

The genus Clonistria Stål, 1875 is widely represented in the 

Caribbean, ranging from Southern to North Antilles (Langlois 

and Lelong 2005, 2010), although current species delineations 

are unclear even at the local level and likely require taxonomic 

revision at the Caribbean scale. Indeed, larger Clonistria species 

have recently been assigned to newly created genera (Bellanger et 

al. 2023), and clarifications of smaller-sized species are pending. 

Biogeographically speaking, the Caribbean Basin is considered a 

biodiversity hotspot (Maunder et al. 2008), both because of the 

archipelago nature of the island range and, locally, because of 

volcanic mountains differentiating niches and environments with 

potential consequences for speciation (Bellanger et al. 2021) and 

species dispersal (Shapiro et al. 2022).

Sampling and data recording.—Primary study areas were randomly 

assigned throughout the Basse Terre and Grande Terre regions (hu-

mid and dry, respectively) in Guadeloupe from within the natural 

range of C. guadeloupensis (Fig. 1). Eleven study areas were subse-

quently chosen as prospective sampling spots. Paths in natural veg-

etation were walked through until a specimen was observed. The lo-

cation of the specimen was defined as a sample study spot provided 

that the previous spot was more than 20 m away (most sample spots 

were greater than 20 m away from the previous spot). Once a spot 

was defined, every specimen on the focal food plant was recorded 

and assigned its demographic category (juvenile, subadult, or adult 

for both sexes). Then, all specimens within 2 m of the initial focal 

food plant were recorded in the same way. Demographics were thus 

differentiated between the insects found on the focal sample food 

plant and those found around the focal plant. For each spot, sex 

ratio was calculated as the number of females over the number of 

adults for all sexed individuals (i.e., both adults and subadults). The 

local aggregation structure was calculated as the ratio of specimens 

within 2 m of the spot over the total number of sample specimens 

found ((ranging from zero, i.e., full aggregation, to 1, i.e., hints of 

local dispersal)) for each developmental stage (juveniles, subadults, 

and adults). Anthropization levels were estimated via three param-

eters: distance (in meters) to the first road (hereafter, ‘Road’), to 

the first building/construction (hereafter, ‘Building’) and to the first 

cultivated field (hereafter, ‘Field’). If a distance was greater than 100 

m, it was reported as 100 m (truncation threshold).

Statistical analyses.—A principal component analysis was per-

formed to investigate correlations between covariates and explore 

the potential clustering of spots with similarity in values. We log-

transformed demographic data prior to analysis to increase the 

normality of distribution. We then ran ANCOVA analyses succes-

sively using total demographics and each demographic category 

as the independent and anthropization factors (Road, Building, 

Field) as dependents to assess the anthropic impact on species 

demographics. The intention was to study the impact of each dis-

turbance on specific demographics; while we expected the distur-

bances to have a negative impact on Clonistria guadeloupensis, we 

approached our analyses with an open mind.

Our models are based on the 43 study spots, yielding an aver-

age of ca. 11 estimates per factor (4 factors per model), which is 

at the low end of sampling power for analysis of covariance; we 

decided to include Altitude as a covariate to increase precision on 

variance estimates for each of the disturbances. Subadults were the 

least common, and none of the factors were found to impact this 

developmental stage, possibly due to lower variation in individu-

als at this stage overall, so this model was not subjected to further 

analysis. The conditions of homoscedasticity and normality of re-

siduals were met in all analyses. All analyses were done using R 

software (R Core Team 2021).

Results

From January to February 2020, a total of 163 Clonistria gua-

deloupensis were sampled from 43 study spots (3.79 ± 4.04 insects 

per spot, range 1–23). Among them, 76 were juveniles (1.77 ± 3.06 

insects per spot, range 0–17), 21 were subadults (0.49 ± 0.87 insects 
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per spot, range 0–4), and 66 were adults (1.53 ± 1.3 insects per 

spot, range 0–5). Among insects that could be sexed (subadults and 

adults), 43 were male (1.00 ± 1.25 insects per spot, range 0–5), and 

25 were female (0.56 ± 0.66 insects per spot, range 0–2). The sex 

ratio among spots varied (0.35 ± 0.43, range 0–1). The individuals 

sampled within two meters from focal plant (F2m) ratios (local ag-

gregation indices) were 0.59 ± 0.49 for adults, 0.08 ± 0.24 for sub-

adults, and 0.18 ± 0.32 for juveniles; thus, juveniles were approxi-

mately three times more aggregated locally than adults on average.

Overview and clustering of data.—A principal component analysis 

demonstrated no aggregation of demographic and plot charac-

teristics but rather a general spread, suggesting that sampling oc-

curred on a continuum across anthropization gradients and that 

anthropization only had a weak effect on population structure 

(Fig. 2). Anthropization factors and altitude anticorrelated to most 

demographic stages, suggesting that the species is generally found 

at higher demographics when closer in proximity to anthropized 

habitats and that density decreases with altitude. However, the de-

mographic components of the population structure were associ-

ated with open and xeric habitats overall.

The demographics of the species overall most closely resem-

bled those of the juvenile stage, an expected pattern for a species in 

which females leave their eggs in feeding patches and usually dem-

onstrate little mobility during adulthood. Indeed, hatching will 

typically take place around feeding sites, with higher emergence 

near food plants, resulting in juveniles driving total demographics 

locally. In contrast, subadult and adult demographics were less 

correlated with total demographics, and while subadult demo-

graphics were anticorrelated to anthropization factors, the situa-

tion somewhat reversed in adults, suggesting that dispersal-based 

effects occur between these stages.

For juveniles and subadults, demographics and F2m ratios 

were highly correlated, suggesting local aggregation patterns rele-

vant to feeding behavior, while for adults, demographics and F2m 

ratio only slightly correlated, and F2m ratio strongly correlated 

to sex ratio, suggesting that aggregation level was much lower in 

adults and associated with local asymmetries in sex. Since females 

are known to have relatively low mobility as adults, these results 

suggest that the males are the higher dispersing sex in the species, 

a phenomenon suspected for Phasmatodea as males are more fre-

quently observed during local citizen science participatory initia-

tives (T. Jourdan, personal observation).

Our analysis revealed demographics for each development 

stage to be anticorrelated to altitude (Fig. 2), which should be in-

terpreted as an artifact of sampling rather than a causal process. In-

deed, altitude is associated with tropical humid rainforest in Gua-

deloupe and is thus both much less subject to anthropization and 

an environmental niche for C. guadeloupensis. As a result, individu-

als are, in general, more interspersed in natural forest than they are 

in disturbed or degraded environments. This effect was significant 

for total demographics and marginally significant for juveniles but 

not significant for adults (Table 1), suggesting that the dilution 

effect was true as a general tendency, most markedly so for young 

Fig. 1. Clonistria guadeloupensis, adult female, and geographic distribution of the study’s primary sample areas.
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insects. Overall, and for each development stage, anthropization 

factors had little impact on demographics (Table 1, Fig. 3A–D).

ANCOVA models.—Total population was significantly impacted by 

altitude (Table 1), with a decrease as altitude increased (Fig. 3A). 

It was also similarly impacted by ‘Distance to road’ (Fig. 3B), 

though at a marginally significant level (Table 1). The adult popu-

lation was significantly impacted by ‘Distance to agriculture field’ 

(Table 1), with a fairly weak increase on the number of specimens 

sampled as distance from fields increased (Fig. 3C). Juvenile num-

ber were significantly impacted by ‘Altitude’ (Table 1), with a fairly 

weak increase on the number of specimens sampled as altitude in-

creased (Fig. 3D). Despite the small size of the effects, the different 

models suggest a greater presence of C. guadeloupensis at a closer 

proximity to anthropized areas, possibly as a result of the species’ 

attraction to more open and drier areas.

Discussion

This study found that anthropization disturbance levels had no 

significant impact on the demographics of C. guadeloupensis at all de-

velopmental stages, with a pattern of increased population size asso-

ciated with greater anthropization of the environment. Aggregation 

levels were found to change based on developmental stage, decreas-

ing from juvenile to adult. Aggregation level also strongly correlated 

with sex ratio, indicating a connection between variation in sex distri-

bution and dispersal in adults, with males as the sexual dispersers (an 

observation corroborated by citizen science). These results are further 

discussed below as they relate to the consequences for the species.

Table 1. ANCOVA models of local population size for total popu-

lation, adult insects, and juveniles with three anthropization fac-

tors (distance to agriculture area, distance to first human building, 

distance to road) and altitude and sex ratio as covariates. Signifi-

cant model effects are in bold, and marginally significant effects in 

italics. Scale of significance is the following: 0 < ‘***’ < 0.001 < ‘**’ 

< 0.01 < ‘*’ < 0.05 < ‘.’ < 0.1 < ‘ ’ < 1.

Model Df
Sum of 

Squares

Mean 

Square
F value P (>F)

Total Population

Altitude 1 2.457 2.457 6.534 0.0147 *

Agriculture 1 0.022 0.0220 0.058 0.8102 

Building 1 0.183 0.1827 0.486 0.4900 

Road 1 1.244 1.2443 3.310 0.0768 .

Residuals 38 14.287 0.3760

Adults

Altitude 1 0.136 0.136 0.522 0.4744

Agriculture 1 1.503 1.5025 5.758 0.0214 *

Building 1 0.033 0.0334 0.128 0.7224 

Road 1 0.059 0.0587 0.225 0.6379

Residuals 38 9.916 0.2609

Juveniles

Altitude 1 2.733 2.733 4.840 0.034 *

Agriculture 1 0.168 0.168 0.297 0.589 

Building 1 0.004 0.004 0.007 0.936 

Road 1 1.465 1.465 2.594 0.116

Residuals 38 21.455 0.5646

Fig. 2. Principal component analysis (PCA) of the demographic structure of Clonistria guadeloupensis in anthropized habitat gradients. 

The first axis retains 30.5% of variance and the second axis retains 15.1%, meaning nearly half of the data variance is retained in both 

axes. Ecological and demographic vectors are indicated in grey.
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Overall, C. guadeloupensis has a propensity to live in xeric spaces 

with open vegetation, and open vegetation facilitates dispersal in 

insects, at least locally (Popović and Nowicki 2023). Interestingly, 

the anticorrelation between sex ratio and proximity to agriculture 

(Fig. 2) suggests that males of the species are more sensitive to this 

anthropization factor, possibly because agriculture is often associ-

ated with the presence of food plants (e.g., guava bushes growing 

at the edge of a crop field), a phenomenon already identified in 

several stick insect species in Guadeloupe (Jourdan et al. 2023).

Conversely, altitude was anticorrelated to local demographics in 

general, with fewer individuals sampled as elevation increased. In 

Guadeloupe, the environment becomes more forested at higher alti-

tudes, and the species’ demographics become spatially more contin-

uous and occurring less patchily over focal plants (sampling was also 

made more difficult, as adults may spend more time in the forest can-

opy, although the effect of altitude on adult demographics was not 

significant). Thus, populations become both sparser and distributed 

more evenly in the environment (however, forested environments 

are also quite conducive to dispersal; see Cooke 2022). This contrast 

should be the focus of further study in order to investigate whether 

genetic structure is also impacted by altitude in our situation, as has 

been demonstrated in other species (Butterworth et al. 2023).

Local aggregation was strong in juveniles, even stronger in 

subadults, and decreased in adults, suggesting that subadults were 

highly focused on feeding behavior (and thus nearly always found 

on focal food plants) and adults were oriented toward reproduc-

tive behavior involving active dispersal, as local sex ratio was 

strongly associated with aggregation ratio. Food plants availability 

is known to impact insect aggregation (Jing et al. 2022), as are 

spaces of open vegetation (Evangelista et al. 2022), possibly as 

these locations increase mating success (Montes et al. 2022). The 

strong level of aggregation in juveniles could reflect the younger 

insects’ tendency to stop exploring once settled on a food plant.

Overall, our results illustrate a pattern of increased demo-

graphics at proximity to anthropized habitats as a tendency for 

the species, possibly because of its preference for more-open 

habitats. Thus, C. guadeloupensis may be found in areas of high 

anthropization disturbances, such as roads and agricultural fields. 

It is seldom seen in urban settings (and when it is, it is usually the 

male that is sighted), likely as a result of a lack of food plant patch-

es, but other habitats in Guadeloupe suit the species, and it occurs 

throughout. The importance of open vegetation is highlighting the 

importance such places for the colonization of unoccupied patch-

es, and the species’ occurrence in proximity to anthropized places 

may result in increasing the species’ available range. Yet little is cur-

rently known about mobility and dispersal ability in stick insects in 

general beyond a pattern of greater male dispersal. Passive ecologi-

cal migration via predation by birds has been hypothesized (Suet-

sugu et al. 2018), but evidence that this drives establishment of 

populations regionally, between or within islands, is lacking. Active 

dispersal following demographic increase and local overpopula-

tion might be an interesting alternative hypothesis (i.e., individuals 

may disperse more when food availability decreases or is too low 

to sustain local demographics). Further investigation should focus 

on dispersal and migration in addition to testing the probability 

of migration success in open- vs. closed-vegetation environments.

Fig. 3. Impact of anthropization factors on different demographics in Clonistria guadeloupensis in Guadeloupe. A. Effect of Altitude on 

Total Demographics (P < 0.05, see Table 1); B. Effect of distance to first Road on Total Demographics; C. Effect of distance to first Field 

on Adult Demographics; D. Effect of Altitude on Juvenile Demographics. The effects are marginally significant (P < 0.10) for graphs B, 

C and D (see Table 1) but illustrative of a general pattern for the species.
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Conclusion

This study demonstrated a lack of strong human disturbance 

effect in niches of the stick insect Clonistria guadeloupensis, with 

a pattern of greater demographics for all stages in proximity to 

anthropized habitats, possibly associated with a greater openness 

of vegetation and easier dispersal. Describing occurrences of spe-

cies over the human disturbance continuum is an important step 

in understanding how diversity may coexist with increased hu-

man occupancy. Increasing the number of studies focusing on the 

factors involved in adaptation to disturbance throughout the an-

thropization continuum, especially regarding dispersal and colo-

nizing success, would allow finer prediction of the effect of further 

anthropization. Such research will also facilitate the determina-

tion of key factors for increasing the coexistence of humans and a 

putatively broader spectrum of species.

Data availability statement

Data are available on request from the corresponding author.

Acknowledgments

The authors wish to thank Paul-Antoine Ouvry for comments 

on earlier versions of this manuscript.

References

Adams BJ, Li E, Bahlai CA, Meineke EK, McGlynn TP, Brown BV (2020) 

Local-and landscape-scale variables shape insect diversity in an urban 

biodiversity hot spot. Ecological Applications 30: e02089. https://doi.

org/10.1002/eap.2089

Andersson P, Koffman A, Sjödin NE, Johansson V (2017) Roads may act as 

barriers to flying insects: species composition of bees and wasps dif-

fers on two sides of a large highway. Nature Conservation 18: 47–59. 

https://doi.org/10.3897/natureconservation.18.12314

Ayers AC, Rehan SM (2021) Supporting bees in cities: How bees are influ-

enced by local and landscape features. Insects 12: 128. https://doi.

org/10.3390/insects12020128

Barr AE, van Dijk LJ, Hylander K, Tack AJ (2021) Local habitat factors and 

spatial connectivity jointly shape an urban insect community. Land-

scape and Urban Planning 214: 104177. https://doi.org/10.1016/j.

landurbplan.2021.104177

Baudron F, Giller KE (2014) Agriculture and nature: trouble and strife? 

Biological Conservation 170: 232–245. https://doi.org/10.1016/j.bio-

con.2013.12.009

Bellanger Y, Jourdan T, Lelong P, Penet L (2021) Phasmatodea of Jamaica, 

part I: a new species of Diapherodes Gray, 1835 (Phasmatodea, Phas-

matidae, Cladomorphinae). Bulletin de la Société Entomologique de 

France 126: 79–91. https://doi.org/10.32475/bsef_2171

Bellanger Y, Jourdan T, Lelong P, Penet L (2023) Phasmatodea of Jamaica, 

part II: a new genus of the Diapheromerini tribe (Phasmatodea, Occi-

dophasmata, Diapheromeridae). Bulletin de la Société Entomologique 

de France 128: 23–56. https://doi.org/10.32475/bsef_2238

Bhardwaj M, Soanes K, Lahoz-Monfort JJ, Lumsden LF, van Der Ree 

R (2019) Little evidence of a road-effect zone for nocturnal, flying 

insects. Ecology and Evolution 9: 65–72. https://doi.org/10.1002/

ece3.4609

Brand AB, Snodgrass JW (2010) Value of artificial habitats for amphibian 

reproduction in altered landscapes. Conservation Biology 24: 295–

301. https://doi.org/10.1111/j.1523-1739.2009.01301.x

Butterworth NJ, Wallman JF, Johnston NP, Dawson BM, Sharp-Heward J, 

McGaughran A (2023) The blowfly Chrysomya latifrons inhabits frag-

mented rainforests, but shows no population structure. Oecologia 

201: 703–719. https://doi.org/10.1007/s00442-023-05333-w

Cardinale BJ, Duffy JE, Gonzalez A, Hooper DU, Perrings C, Venail P, Nar-

wani A, Mace GM, Tilman D, Wardle DA, others (2012) Biodiversity 

loss and its impact on humanity. Nature 486: 59–67. https://doi.

org/10.1038/nature11148

Collins CM [Tilly], Audusseau H, Hassall C, Keyghobadi N, Sinu PA, Saun-

ders ME (2024) Insect ecology and conservation in urban areas: An 

overview of knowledge and needs. Insect Conservation and Diversity 

17: 169–181. https://doi.org/10.1111/icad.12733

Cooke BJ (2022) Forest landscape effects on dispersal of spruce budworm 

Choristoneura fumiferana (Clemens, 1865) (Lepidoptera, Tortricidae) 

and Forest Tent Caterpillar Malacosoma disstria Hübner, 1820 (Lepi-

doptera, Lasiocampidae) Female Moths in Alberta, Canada. Insects 

13: 1013. https://doi.org/10.3390/insects13111013

Davies T, Cowley A, Bennie J, Leyshon C, Inger R, Carter H, Robinson B, 

Duffy J, Casalegno S, Lambert G, Gaston K (2018) Popular interest 

in vertebrates does not reflect extinction risk and is associated with 

bias in conservation investment. PLOS ONE 13: e0203694. https://

doi.org/10.1371/journal.pone.0203694

Dearborn DC, Kark S (2010) Motivations for conserving urban biodiver-

sity. Conservation Biology 24: 432–440. https://doi.org/10.1111/

j.1523-1739.2009.01328.x

Dentika P, Ozier-Lafontaine H, Penet L (2022) Dynamics of pathogenic 

fungi in field hedges: Vegetation cover is differentially impacted by 

weather. Microorganisms 10: 400. https://doi.org/10.3390/microor-

ganisms10020400

Diamond SE, Prileson EG, Martin RA (2022) Adaptation to urban envi-

ronments. Current Opinion in Insect Science 51: 100893. https://doi.

org/10.1016/j.cois.2022.100893

Diamond SE, Bellino G, Deme GG (2023) Urban insect bioarks of the 21
st
 

century. Current Opinion in Insect Science 57: 101028. https://doi.

org/10.1016/j.cois.2023.101028

Elphick CS (2000) Functional equivalency between rice fields and semi-

natural wetland habitats. Conservation Biology 14: 181–191. https://

doi.org/10.1046/j.1523-1739.2000.98314.x

Evangelista J, Oliveira CM, Frizzas MR (2022) Open vegetation forma-

tions (grasslands and savannahs) support a higher diversity of Ceto-

niidae (Insecta: Coleoptera) than forest formations in the Brazilian 

Cerrado. Biodiversity and Conservation 31: 2875–2892. https://doi.

org/10.1007/s10531-022-02467-w

Fattorini S (2016) Insects and the city: What island biogeography tells us 

about insect conservation in urban areas. Web Ecology 16: 41–45. 

https://doi.org/10.5194/we-16-41-2016

Fenoglio MS, Rossetti MR, Videla M (2020) Negative effects of urbaniza-

tion on terrestrial arthropod communities: A meta‐analysis. Baselga A 

(Ed.). Global Ecology and Biogeography 29: 1412–1429. https://doi.

org/10.1111/geb.13107

Fenoglio MS, Calviño A, González E, Salvo A, Videla M (2021) Urbani-

sation drivers and underlying mechanisms of terrestrial insect diver-

sity loss in cities. Ecological Entomology 46: 757–771. https://doi.

org/10.1111/een.13041

González-Césped C, Alaniz AJ, Vergara PM, Chiappa E, Zamorano J, Man-

dujano V (2021) Effects of urban environmental conditions and land-

scape structure on taxonomic and functional groups of insects. Urban 

Forestry & Urban Greening 58: 126902. https://doi.org/10.1016/j.

ufug.2020.126902

Hall DM, Camilo GR, Tonietto RK, Ollerton J, Ahrné K, Arduser M, Ascher 

JS, Baldock KCR, Fowler R, Frankie G, Goulson D, Gunnarsson B, 

Hanley ME, Jackson JI, Langellotto G, Lowenstein D, Minor ES, Phil-

pott SM, Potts SG, Sirohi MH, Spevak EM, Stone GN, Threlfall CG 

(2017) The city as a refuge for insect pollinators. Conservation Biol-

ogy 31: 24–29. https://doi.org/10.1111/cobi.12840

Jing T-Z, Cai X-L, Lu H-Y, Dai L-M, Liu L-P, Bai L, Li X, Li M-Y, Wen Y, Han 

Q (2022) Size and location of host-plant shape the spatial pattern 

of forest insect. Ecological Entomology 47: 1051–1060. https://doi.

org/10.1111/een.13194

Jourdan T, Penet L, Bellanger Y, Lelong P (2023) Stick insects (Phasma-

todea) from the archipelago of Guadeloupe: updates on distribu-

tion, ecology, and taxonomy. Annales de la Société Entomologique 

https://doi.org/10.1002/eap.2089
https://doi.org/10.1002/eap.2089
https://doi.org/10.3897/natureconservation.18.12314
https://doi.org/10.3390/insects12020128
https://doi.org/10.3390/insects12020128
https://doi.org/10.1016/j.landurbplan.2021.104177
https://doi.org/10.1016/j.landurbplan.2021.104177
https://doi.org/10.1016/j.biocon.2013.12.009
https://doi.org/10.1016/j.biocon.2013.12.009
https://doi.org/10.32475/bsef_2171
https://doi.org/10.32475/bsef_2238
https://doi.org/10.1002/ece3.4609
https://doi.org/10.1002/ece3.4609
https://doi.org/10.1111/j.1523-1739.2009.01301.x
https://doi.org/10.1007/s00442-023-05333-w
https://doi.org/10.1038/nature11148
https://doi.org/10.1038/nature11148
https://doi.org/10.1111/icad.12733
https://doi.org/10.3390/insects13111013
https://doi.org/10.1371/journal.pone.0203694
https://doi.org/10.1371/journal.pone.0203694
https://doi.org/10.1111/j.1523-1739.2009.01328.x
https://doi.org/10.1111/j.1523-1739.2009.01328.x
https://doi.org/10.3390/microorganisms10020400
https://doi.org/10.3390/microorganisms10020400
https://doi.org/10.1016/j.cois.2022.100893
https://doi.org/10.1016/j.cois.2022.100893
https://doi.org/10.1016/j.cois.2023.101028
https://doi.org/10.1016/j.cois.2023.101028
https://doi.org/10.1046/j.1523-1739.2000.98314.x
https://doi.org/10.1046/j.1523-1739.2000.98314.x
https://doi.org/10.1007/s10531-022-02467-w
https://doi.org/10.1007/s10531-022-02467-w
https://doi.org/10.5194/we-16-41-2016
https://doi.org/10.1111/geb.13107
https://doi.org/10.1111/geb.13107
https://doi.org/10.1111/een.13041
https://doi.org/10.1111/een.13041
https://doi.org/10.1016/j.ufug.2020.126902
https://doi.org/10.1016/j.ufug.2020.126902
https://doi.org/10.1111/cobi.12840
https://doi.org/10.1111/een.13194
https://doi.org/10.1111/een.13194


L. PENET, A. ROY, T. JOURDAN, Y. BELLANGER AND P. LELONG 75

Journal of Orthoptera Research 2025, 34(1) 

de France 59: 151–167. https://doi.org/10.1080/00379271.2023.2

209049

Langlois F, Lelong P (2010) Contribution à la connaissance des Phas-

matodea de Dominique et de Sainte-Lucie. Bulletin de la Société 

Entomologique de France 115: 59–72. https://doi.org/10.3406/

bsef.2010.2833

Lelong P, Langlois F (2001) Contribution à la connaissance des Phasm-

atodea de la Guadeloupe. Bulletin de la Société Entomologique de 

France 106: 241–258. https://doi.org/10.3406/bsef.2001.16761

Lelong P, Langlois F (2005) Contribution à la connaissance des Phasmato-

dea de la Martinique. Bulletin de la Société Entomologique de France 

110: 259–272. https://doi.org/10.3406/bsef.2005.16231

Loconto A, Desquilbet M, Moreau T, Couvet D, Dorin B (2020) The land 

sparing–land sharing controversy: Tracing the politics of knowl-

edge. Land Use Policy 96: 103610. https://doi.org/10.1016/j.landuse-

pol.2018.09.014

Martin AE, Graham SL, Henry M, Pervin E, Fahrig L (2018) Flying insect 

abundance declines with increasing road traffic. Leather S, Stewart A 

(Eds). Insect Conservation and Diversity 11: 608–613. https://doi.

org/10.1111/icad.12300

Maunder M, Leiva A, Santiago-Valentin E, Stevenson DW, Acevedo-Rodríguez 

P, Meerow AW, Mejía M, Clubbe C, Francisco-Ortega J (2008) Plant 

conservation in the Caribbean Island biodiversity hotspot. The Botani-

cal Review 74: 197–207. https://doi.org/10.1007/s12229-008-9007-7

McDonnell MJ, Hahs AK (2015) Adaptation and adaptedness of organ-

isms to urban environments. Annual Review of Ecology, Evolution, 

and Systematics 46: 261–280. https://doi.org/10.1146/annurev-ecol-

sys-112414-054258

Montes M, Battan Horenstein M, Silvetti LF, Ferreyra M, Díaz F, Molina SI, 

Argañaraz CI, del Rosario Iglesias M, Gleiser RM (2022) Landscape 

characteristics effects on Diptera assemblages and their relation with 

seasonal variations in urban green patches. Austral Ecology 47: 1049–

1061. https://doi.org/10.1111/aec.13200

Muñoz PT, Torres FP, Megías AG (2015) Effects of roads on insects: a review. 

Biodiversity and Conservation 24: 659–682. https://doi.org/10.1007/

s10531-014-0831-2

New TR, Sands DPA, Taylor GS (2021) Roles of roadside vegetation in 

insect conservation in Australia. Austral Entomology 60: 128–137. 

https://doi.org/10.1111/aen.12511

O’Connor B, Bojinski S, Röösli C, Schaepman ME (2020) Monitor-

ing global changes in biodiversity and climate essential as ecologi-

cal crisis intensifies. Ecological Informatics 55: 101033. https://doi.

org/10.1016/j.ecoinf.2019.101033

Perez A, Chick L, Menke S, Lessard J-P, Sanders N, Del Toro I, Meldgaard 

NS, Diamond S (2022) Urbanisation dampens the latitude-diversity 

cline in ants. Insect Conservation and Diversity 15: 763–771. https://

doi.org/10.1111/icad.12598

Popović M, Nowicki P (2023) Movements of a Specialist Butterfly in Rela-

tion to Mowing Management of Its Habitat Patches. Biology 12: 344. 

https://doi.org/10.3390/biology12030344

Powell KE, Garrett D, Roy DB, Oliver TH, Larrivée M, Bélisle M (2024) 

Complex temporal trends in biomass and abundance of Diptera 

communities driven by the impact of agricultural intensity. Insect 

Conservation and Diversity 17: 1072–1083. https://doi.org/10.1111/

icad.12770

R Core Team (2021) R: A Language and Environment for Statistical Com-

puting. R Foundation for Statistical Computing, Vienna, Austria. htt-

ps://www.R-project.org/

Raja NB, Dunne EM, Matiwane A, Khan TM, Nätscher PS, Ghilardi AM, 

Chattopadhyay D (2022) Colonial history and global economics 

distort our understanding of deep-time biodiversity. Nature Ecol-

ogy & Evolution 6: 145–154. https://doi.org/10.1038/s41559-021-

01608-8

Raven PH, Wagner DL (2021) Agricultural intensification and climate 

change are rapidly decreasing insect biodiversity. Proceedings of 

the National Academy of Sciences 118: e2002548117. https://doi.

org/10.1073/pnas.2002548117

Redtenbacher J (1908) Die Insektenfamilie der Phasmiden. III. Phasmi-

dae Anareolatae (Phibalosomini, Acrophyllini, Necrosciini). Wilhelm 

Engelmann, Leipzig, 341–589.

Rocha EA, Fellowes MDE (2020) Urbanisation alters ecological interac-

tions: Ant mutualists increase and specialist insect predators de-

crease on an urban gradient. Scientific Reports 10: 6406. https://doi.

org/10.1038/s41598-020-62422-z

Sanetra D, Berger J, Hartlieb M, Simons NK, Walther G, Blüthgen N, Staab 

M (2024) Disentangling how urbanisation influences moth diversity 

in grasslands. Insect Conservation and Diversity 17: 229–242. https://

doi.org/10.1111/icad.12713

Sempe S, Sole C, Haussmann N (2024) Road-associated variation in 

insect abundance differs between common orders. https://doi.

org/10.21203/rs.3.rs-4311663/v1

Shapiro L, Binford GJ, Agnarsson I (2022) Single-island endemism despite 

repeated dispersal in Caribbean Micrathena (Araneae: Araneidae): 

An updated phylogeographic analysis. Diversity 14: 128. https://doi.

org/10.3390/d14020128

Stål C (1875) Observations orthoptérologiques. Bihang till Kongliga Sven-

ska Vetenskaps Akademiens Handlingar 3(14): 1–43. https://doi.

org/10.5962/bhl.part.4014

Suetsugu K, Funaki S, Takahashi A, Ito K, Yokoyama T (2018) Potential role 

of bird predation in the dispersal of otherwise flightless stick insects. 

Ecology 99: 1504–1506. https://doi.org/10.1002/ecy.2230

Tilman D, Clark M, Williams DR, Kimmel K, Polasky S, Packer C (2017) 

Future threats to biodiversity and pathways to their prevention. 

Nature 546: 73–81. https://doi.org/10.1038/nature22900

Titley MA, Snaddon JL, Turner EC (2017) Scientific research on animal bio-

diversity is systematically biased towards vertebrates and temperate 

regions. PLOS ONE 12: e0189577. https://doi.org/10.1371/journal.

pone.0189577

Uhler J, Redlich S, Zhang J, Hothorn T, Tobisch C, Ewald J, Thorn S, Sei-

bold S, Mitesser O, Morinière J, Bozicevic V, Benjamin CS, Englmeier 

J, Fricke U, Ganuza C, Haensel M, Riebl R, Rojas-Botero S, Rummler 

T, Uphus L, Schmidt S, Steffan-Dewenter I, Müller J (2021) Relation-

ship of insect biomass and richness with land use along a climate 

gradient. Nature Communications 12: 5946. https://doi.org/10.1038/

s41467-021-26181-3

Vrbanec L, Matijević V, Guenther A (2021) Enhanced problem-solving abil-

ity as an adaptation to urban environments in house mice. Proceed-

ings of the Royal Society B 288: 20202504. https://doi.org/10.1098/

rspb.2020.2504

Wenzel A, Grass I, Belavadi VV, Tscharntke T (2020) How urbanization 

is driving pollinator diversity and pollination–A systematic review. 

Biological Conservation 241: 108321. https://doi.org/10.1016/j.bio-

con.2019.108321

Whittaker RJ, Araújo MB, Jepson P, Ladle RJ, Watson JE, Willis KJ (2005) Con-

servation biogeography: assessment and prospect. Diversity and Dis-

tributions 11: 3–23. https://doi.org/10.1111/j.1366-9516.2005.00143.x

https://doi.org/10.1080/00379271.2023.2209049
https://doi.org/10.1080/00379271.2023.2209049
https://doi.org/10.3406/bsef.2010.2833
https://doi.org/10.3406/bsef.2010.2833
https://doi.org/10.3406/bsef.2001.16761
https://doi.org/10.3406/bsef.2005.16231
https://doi.org/10.1016/j.landusepol.2018.09.014
https://doi.org/10.1016/j.landusepol.2018.09.014
https://doi.org/10.1111/icad.12300
https://doi.org/10.1111/icad.12300
https://doi.org/10.1007/s12229-008-9007-7
https://doi.org/10.1146/annurev-ecolsys-112414-054258
https://doi.org/10.1146/annurev-ecolsys-112414-054258
https://doi.org/10.1111/aec.13200
https://doi.org/10.1007/s10531-014-0831-2
https://doi.org/10.1007/s10531-014-0831-2
https://doi.org/10.1111/aen.12511
https://doi.org/10.1016/j.ecoinf.2019.101033
https://doi.org/10.1016/j.ecoinf.2019.101033
https://doi.org/10.1111/icad.12598
https://doi.org/10.1111/icad.12598
https://doi.org/10.3390/biology12030344
https://doi.org/10.1111/icad.12770
https://doi.org/10.1111/icad.12770
https://www.R-project.org/
https://www.R-project.org/
https://doi.org/10.1038/s41559-021-01608-8
https://doi.org/10.1038/s41559-021-01608-8
https://doi.org/10.1073/pnas.2002548117
https://doi.org/10.1073/pnas.2002548117
https://doi.org/10.1038/s41598-020-62422-z
https://doi.org/10.1038/s41598-020-62422-z
https://doi.org/10.1111/icad.12713
https://doi.org/10.1111/icad.12713
https://doi.org/10.21203/rs.3.rs-4311663/v1
https://doi.org/10.21203/rs.3.rs-4311663/v1
https://doi.org/10.3390/d14020128
https://doi.org/10.3390/d14020128
https://doi.org/10.5962/bhl.part.4014
https://doi.org/10.5962/bhl.part.4014
https://doi.org/10.1002/ecy.2230
https://doi.org/10.1038/nature22900
https://doi.org/10.1371/journal.pone.0189577
https://doi.org/10.1371/journal.pone.0189577
https://doi.org/10.1038/s41467-021-26181-3
https://doi.org/10.1038/s41467-021-26181-3
https://doi.org/10.1098/rspb.2020.2504
https://doi.org/10.1098/rspb.2020.2504
https://doi.org/10.1016/j.biocon.2019.108321
https://doi.org/10.1016/j.biocon.2019.108321
https://doi.org/10.1111/j.1366-9516.2005.00143.x

	Low impact of anthropization on the demographic structure of the stick insect Clonistria guadeloupensis in Guadeloupe
	Abstract
	Introduction
	Materials and methods
	Results
	Discussion
	Conclusion
	Data availability statement
	Acknowledgments
	References

