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Human population growth is causing an expansion of urban areas, a phenomenon known to deeply impact on the Earth’s biodiversity. Therefore, it is key to understand how to conceal urban development with biodiversity conservation. In this context, university campuses can play an important role as they usually present a large array of different environments and green areas, crucial aspects for promoting urban biodiversity as well as human-nature interactions. Several studies have analyzed the biodiversity of university campuses, however, there are still important taxonomic (e.g., insects) and geographical biases (e.g., Mediterranean hotspot) in our current understanding of these urban areas. Insects are fundamental in many ecosystems as pollinators, prey, pest controllers or decomposers among others. This further increases the need to study this group in the urban context. In this study, we have investigated diurnal Lepidoptera and ground-dwelling Coleoptera in three university campuses and three non-campus areas of the city of Granada (Spain). We used spatial and temporal replicates for each area in order to explore whether university campuses hold higher levels of insect biodiversity (e.g., species richness or common species) than other nearby urban areas. In addition, we investigated the potential influence of several additional predictors on insect diversity such as type of land cover, vegetation origin, management intensity, and distance to the outskirts. Our results suggest that Lepidoptera species and Coleoptera families are more diverse in university campuses than in other urban areas, showing also a positive association with the proportion of bare soil and herbaceous cover. Furthermore, they also seem to be benefited from low vegetation management intensity whereas Coleoptera are favored by native vegetation providing clear management recommendations in order to promote such animal groups in cities. Our study indicates that university campuses are important urban areas to preserve insect biodiversity but also highlights the heterogeneity of response among insect groups.

KEYWORDS
biodiversity, diurnal Lepidoptera, ground-dwelling Coleoptera, university campus, urbanization


Introduction

According to the last report of the United Nations, by mid-2020, the world’s population reached 7.8 billion, the result of unprecedented growth since the mid-twentieth century, a number that is expected to keep growing (United Nations, Department of Economic and Social Affairs, Population Division, 2022). Furthermore, more than 60% of the global population is located in urban areas (United Nations, Department of Economic and Social Affairs, Population Division, 2019), which occupy 3% of the Earth’s land surface (Balk et al., 2005), and keep expanding quickly due to a combination of four forces: population growth, rural exodus, massive migrations due to extreme events, and changes in administrative boundaries (McDonald et al., 2013; United Nations, Department of Economic and Social Affairs, Population Division, 2019). The urbanization process involves a rapid change in land cover, which has an enormous impact on the ecosystems of the planet (Gaston, 2010). Furthermore, there is growing evidence that urbanization has negative effects on biodiversity (Peng et al., 2020; Ren et al., 2022), mainly by habitat loss and fragmentation (Seto et al., 2012; Carpintero and Reyes-López, 2014; Elmqvist et al., 2015) although other forces such as water, air and soil pollution can also play an important role (Gaston, 2010).

In addition, non-native (sometimes introduced) species in urban areas (e.g., ornamental plants) could be determinant of an important biodiversity loss (Clarke et al., 2008; Nielsen et al., 2014; Threlfall et al., 2016). These species rise local biodiversity, but at the same time, reduce global biodiversity with the replacement of native with non-native taxa (McKinney and Lockwood, 1999) ultimately leading to the biotic homogenization of urban biodiversity caused by the presence of widely distributed and urban-tolerant non-native taxa (McKinney, 2006). This effect is especially relevant in regions with a high number of endemic species (biodiversity hotspots). In this sense, some authors draw attention to the Mediterranean area, which is a hotspot already diminished and severely fragmented, with soft habitat loss that may increase extinction rates (Cuttelod et al., 2009; Seto et al., 2012).

Historically, naturalists and ecologists have defended that urban areas are less valuable than wild or pristine environments, ignoring urban areas during the first half of the twentieth century (Grimm et al., 2008). This view has been changing since then, with the understanding that cultural and biological diversity together support resilience and sustainability (Berkes and Ross, 2013). Urbanization has multiple effects on the environment, but not all of them are negative. Human impacts diversify urban landscapes, modifying ecosystems and creating unique urban habitats (Gaston, 2010), which generates a mosaic of different, and often small land use types, that are the basic elements for generating research tools in urban ecology and urban biodiversity conservation (Breuste et al., 2008). In this sense, urban areas can still play an important role in conservation science, as there is evidence that these environments are sometimes the last hope for the conservation of several plant and animal species whose natural habitat is lost (Ives et al., 2016; Soanes and Lentini, 2019). The success of these programs in managing green patches and habitat corridors is necessary for the protection of area-sensitive species within urban areas (Vrezec et al., 2021), but the introduction of this scientific knowledge into city policy, governance, and design is still lacking (Gaston, 2010; Ikin et al., 2015). Furthermore, the study of urban biodiversity is key to conservation science and sustainability programs in urban landscapes, as it is referred to in the Sustainable Development Goals (goals 11 and 15, United Nations, 2015).

A well-designed urban environment can be fundamental in balancing human population growth with biodiversity conservation (Müller et al., 2010; Garrard et al., 2018). In this context, urban land cover types (Pauleit and Duhme, 2000) can be described according to their characteristic construction patterns and open spaces, that depend on the human activities that are developed within them, also determining the ecological characteristics of urban areas (Gaston, 2010). Some examples of land cover types are farmland, woodland, recreational areas, airports or schools (Gill et al., 2008). One particular type of the scholar type is the university campus, where students are not only trained in advanced studies but are also educated to increase their appreciation of local biodiversity (Zhang et al., 2014). In this sense, university campuses are part of the urban green space (Wang et al., 2021), that is associated to health and wellbeing (Adler and Tanner, 2013; Holt et al., 2019). As they are usually composed of a heterogeneous mosaic of habitats, they are also good targets for biodiversity conservation because they support breeding and foraging sites for different animals (Sattler et al., 2010; Threlfall et al., 2017). Despite this, there are few studies that compare different types of potentially valuable urban areas (e.g., urban parks vs restored prairies, see Lang et al., 2019) and especially, there is an important lack of studies about university campuses’ biodiversity worldwide, being most of the studies carried out in China and India, whereas the Mediterranean region presents very few studies on the topic and restricted to Turkish plants (Liu et al., 2021). Given that the Mediterranean hotspot is considered one of the most sensitive regions in the planet to the urbanization process (Seto et al., 2012; Carpio et al., 2017), it is very important to better understand the effect of urban areas in this region, and identify potential solutions or mitigation actions to minimize their impact.

In terms of biodiversity, insects are the most abundant animal taxon, with more than one million described species and constituting about 58–81.3% of the total depending of the author (see Foottit and Adler, 2009), but it is not the most studied group in urban ecology. According to the review by Rega-Brodsky et al. (2022), urban studies are mainly focused on plants (37.6%) and vertebrates (34.4%), while the high diversity of insects is underrepresented (23.7%). Specifically, the most studied insects are butterflies with 6.9% of urban papers, which is less than half the studies made on birds (18.6%). This and other studies strongly recommend overcoming this limitation of current urban ecology by performing more entomological research (Fenoglio et al., 2021). The importance of insects not only comes from their abundance, but also for playing a key role in the functioning of ecosystems as decomposers, parasites and parasitoids, pollinators, and prey for many other taxa (Bhullar and Majer, 2000), and they are not beyond the danger that urbanization presents to global biodiversity (Sánchez-Bayo and Wyckhuys, 2019). Therefore, understanding how the abundance and distribution of insects are affected in the urban landscape may help explain ecosystem functioning and the presence of other groups in cities. Some groups like birds should be directly affected by the presence of insects as they are crucial feeding resources for many bird species (Nyffeler et al., 2018). Furthermore, this information on urban insect communities could be crucial for the use of this group as bioindicator. Some insects can be used as rapid indicators of habitat quality (Carpintero and Reyes-López, 2014). For example, butterflies or beetles suffer sharp population declines with environmental changes because many species are seasonal and dependent of a particular habitat (Kunte, 1997; Ramírez-Restrepo and Halffter, 2016). This applies also to urban environments although not many studies have focused on this potential application of urban insects so far (e.g., Antony et al., 2016; Ramírez-Restrepo and Halffter, 2016; Paul and Sultana, 2020). Additional information on these groups (e.g., butterflies or beetles) in the urban context is a first needed step for their potential use as bioindicators helping in detecting and evaluating habitat quality and habitat changes in towns and cities.

Although we still need to considerably increase our knowledge on the effect of urbanization on insects and their distribution in the urban landscape (Paul and Sultana, 2020), some studies suggest mechanistic explanations for the intense reduction of insect diversity associated with urbanization. One of such mechanisms is the replacement of the native plant communities with non-native plants (Tallamy and Shriver, 2021), pointing that a higher percentage of native plants may increase butterfly, beetle, bee, and bug diversity (Tam and Bonebrake, 2016; Mata et al., 2017; Threlfall et al., 2017) in the urban environment. Also, management intensity could be an important factor affecting urban insects as there are several studies showing the positive effect of reducing the management intensity on insect diversity (Ade et al., 2012; Kricke et al., 2014; Wastian et al., 2016).

The present study aims to investigate the association between urban biodiversity and university campuses in the poorly known Mediterranean hotspot. We focused our study on diurnal Lepidoptera and ground-dwelling Coleoptera of the city of Granada (SE Spain). We chose these models as they are important taxonomic groups for biodiversity conservation, sensitive to the urbanization process (Ramírez-Restrepo and Halffter, 2016; Ramírez-Restrepo and MacGregor-Fors, 2017) as well as there are standardized and suitable sampling methods for each (see below). These two insect groups offer complementary information as they correspond with different life history traits (e.g., flying vs walking insects) and consequently could be differently affected by the urbanization process (e.g., Soga et al., 2014). Our methodological approach implied the comparison of different taxonomic diversity variables in several university campuses and nearby urban areas, thus standardizing for many environmental effects. Based on our previous argumentation (see above), we predict that university campuses will show higher species richness for both insect groups than other nearby urban areas from the same city. In addition, we explored the potential effect of several landscape variables (e.g., vegetation cover) or practices (e.g., management intensity) on insect diversity with the objective of providing more specific recommendations for city planners and managers willing to favor insects in Mediterranean cities.



Materials and methods


Field work and biodiversity measurements

The study was carried out in the city of Granada, located in SE Spain (37°11′ N, 3°36′ W) at about 700 m a.s.l. The city’s surface area is circa 22 km2 and its population is around 250,000 inhabitants. The climate is Mediterranean, which is characterized by a marked dry season in the warmer months (June to August). At a regional scale, the climate also presents strong daily and seasonal variations in temperature, and an annual rainfall of around 450 mm (Montávez et al., 2000). Sampling took place in three university campuses: Fuentenueva (FN), Cartuja (CA), and Parque Tecnológico de la Salud (PTS) and in three randomly selected urban areas separated by at least 1 km to secure the independence of sampling. Each campus was paired with a non-campus area (FN-U, CA-U, and PTS-U, respectively), so that they had the same perimeter (and thus total area). Six sampling points were selected within every study area, prioritizing different microhabitats potentially used by butterflies or ground-dwelling beetles and separated by a minimum distance of 100 m (Carpintero and Reyes-López, 2014).

Although Pollard transect is the most common standard method for butterfly surveys, there is evidence that purposive point counts can be more effective in small-scale landscape features (like public gardens and restored prairies in urban settings) because in these areas the vegetation resources are more limited and dispersed than in average natural areas (Lang et al., 2019). Furthermore, the line-transect method seems less efficient and difficult to implement in urban landscapes because of small, irregularly shaped, and widely spaced habitat patches (McFarland et al., 2017). Therefore, we conducted purposive point counts by documenting all butterflies within a circular area of 10 m radius over 15 min (Tam and Bonebrake, 2016; Ghosh and Saha, 2017). Survey data was registered in the eBMS (European Butterfly Monitoring Scheme)1 database. Each point count was sampled thrice, at the beginning (April), middle (May), and late spring season (June; Tzortzakaki et al., 2019; Paul and Sultana, 2020). According to Kõrösi et al. (2022) three samplings are enough to obtain sufficient data of the spring butterfly biodiversity. Surveys were performed in favorable weather conditions: no rain, soft wind (a maximum Beaufort scale of 4), and a minimum of 20°C (McFarland et al., 2017; Kõrösi et al., 2022) between 10:00 a.m. and 04:00 p.m. (Paul and Sultana, 2020). Butterflies were identified up to the species level during flight, feeding, basking, and mating activities. Butterflies were caught during the sampling using a sweeping net and kept in a plastic Petri dish, to avoid double-counting and to proceed with the correct identification. After the 15 min point count, individuals were released to minimize potential damage.

For ground-dwelling Coleoptera, we used pitfall traps, the standard protocol for sampling epigeal invertebrates with different daily activity rhythms (Woodcock, 2005; Carpintero and Reyes-López, 2014). Pitfall traps were placed six times in each sampling point (every 2 weeks during the spring season, from early April to late June) avoiding rainy days, so that they would not be filled with rainwater. Trap dimensions were 55 mm in diameter and 75 mm deep, and each one was half-filled with soapy water to break the superficial water tension (Carpintero and Reyes-López, 2014). The pitfall traps were visited after 48 h and the individuals caught were stored in alcohol for their identification in the laboratory up to the family level using dichotomous keys (e.g., Barrientos, 2004). Coleoptera were also classified into morphospecies, having into consideration external morphologic features such as body shape, color patterns or surface structures, which are sufficient to make a higher taxonomic degree approach (Derraik et al., 2002). As we are not expert taxonomists and there is an approx. 37% probability of failure in correct assignment to the morphospecies level (Derraik et al., 2002), we considered both taxon levels (family and morphospecies) for further analyses.

We calculated insect diversity using Hill diversity indices (Hill, 1973; Jost, 2007) based on Lepidoptera and Coleoptera data with the R package iNEXT (Hsieh et al., 2016). In the case of butterflies, we first obtained a single value for each sampled point by summing up the species identified for the three temporal replicates. Thus, this value provides species richness (q = 0) information from the whole sampling period (spring) for each of the 36 sampled points. In addition, we calculated the common species (q = 1) or Hill-Shannon diversity as it can respond strongly to rarity values that are both very high and to very low (Roswell et al., 2021). We followed a similar procedure for ground-dwelling beetles. In this case, we summed up morphospecies (or family) values for the five temporal replicates. This allowed us to obtain morphospecies (or family) richness for the whole sampling period for each sampled point. Following the same reasoning described above, we also calculated q = 1 for Coleoptera using either morphospecies or family data.

To investigate the effects of land cover on butterfly and beetle assemblages, land cover was measured in a 50 m circular area around the census point (Matteson and Langellotto, 2010; Delgado de la Flor et al., 2017), thus avoiding overlapping of circles from independent census points. We used the classification proposed by Cadenasso et al. (2007) which differentiates three basic elements of land cover: vegetation, impervious surfaces and buildings. Following this classification, we obtained proportional coverage data of each of the following land cover elements: woody vegetation (trees and shrubs), herbaceous vegetation (herbs and grasses), bare soil, pavement, and buildings. The typology of buildings was not indicated as the studied area was not big enough to differentiate this. The proportion of each land cover element was obtained from a manual selection with the ImageJ image processor2 from the most recent aerial photographs obtained from Google Earth Pro Version 7.3.3 Vegetation was also classified as native or exotic as there is evidence that some insects are more abundant in habitats dominated by native flora (Mata et al., 2017; Threlfall et al., 2017). Based on Cadenasso et al. (2007) we established five intervals to distinguish differences in low values of native plant proportion: (0) all vegetation is non-native, (1) less than 10% is native, (2) between 11--35% of the vegetation is native, (3) from 36 to 75% is native, and (4) more than 75% is native. The determination of the percentage of native vegetation was based on (i) the information provided by the gardening staff of the investigated areas, (ii) records for the sampled circles from two citizen science databases: GBIF4 and iNaturalist,5 and (iii) direct evaluation using plant identification guides (Cabezudo et al., 2009). In addition, we also considered the management intensity in every sampled circle, because in a landscape managed by humans, the type and intensity of this management can affect insect biodiversity (Wastian et al., 2016; Bonari et al., 2017). We contacted the personnel in charge of gardening in each sampled circle to assign it to one of five management level: (0) no maintenance, (1) basic cleaning maintenance, (2) annual weeding, (3) regular mowing, and (4) regular mowing and reseeding.

Finally, we also collected information of the distance to the outskirts of the city as some studies pointed this variable as an important determinant of insect diversity in the urban landscape (McIntyre, 2002). This was measured as the shortest Euclidean distance to the edge of the city (determined by the presence of cultivated land or peri-urban vegetation formations) using Google Earth Pro Version 7.3 (see text footnote 3).



Statistical analyses

We first checked for spatial autocorrelation by conducting Mantel tests to compare two matrices, one with the geographical distance and another with the Bray–Curtis dissimilarity between every Lepidoptera/Coleoptera assemblage in each sample (we tested families and morphospecies separately for beetles). These matrixes were compared using Spearman’s rank correlations. The significance of these tests was revised by permutation with 9,999 randomizations. The Mantel tests were performed using the R package “vegan” (Legendre and Legendre, 2012). The Lepidoptera species Bray–Curtis dissimilarity matrix had not a significant relationship with the geographic distance of the samples (Mantel statistic R = 0.01084, p-value = 0.4019), nor did the Coleoptera family Bray–Curtis dissimilarity matrix (Mantel statistic R = 0.03849, p-value = 0.2578) or the Coleoptera morphospecies Bray–Curtis dissimilarity matrix (Mantel statistic R = −0.06736, p-value = 0.8774). Therefore, there was no spatial autocorrelation, independently of their spatial separation and consequently no corrections were made in the following analyses.

Secondly, we estimated our sample coverage in order to know how complete the community of butterflies and ground-dwelling coleoptera was sampled in our study. By doing this, we can also estimate how comparable are our samples depending on the proportion of the diversity we could record (see Roswell et al., 2021). To do so we calculated the accumulation curves using the R package “iNEXT” (Hsieh et al., 2016).

Third, we explored taxonomic diversity with Hill numbers for Lepidoptera and Coleoptera, by fitting general linear mixed models (GLMMs) and obtained six models in total [i.e., two for butterflies species richness (q = 0)/common species (q = 1), two for ground-dwelling beetles family richness (q = 0)/common species (q = 1), and two more for ground-dwelling morphospecies richness (q = 0)/common species (q = 1)]. Each model included the following fixed predictors: the proportion of 50 m land cover elements (woody vegetation, herbaceous vegetation, bare soil, pavement, and buildings), the level of native flora in the sampled circle (0–4), management intensity (0–4), and distance to the outskirts (km). The type of urban area (Campus/No campus) was included as a fixed factor and as interaction with all additional fixed predictors mentioned above as we were also interested in identifying potential changes in the effect of predictors depending on whether the urban area is a university campus or not. Given that the sampling points were aggregated within specific study areas and not homogeneously distributed, we also incorporated the studied area ID as a random factor to our models. These models were performed using the R packages “lme4” (Bates et al., 2015) and “lmerTest” (Kuznetsova et al., 2017). We checked the normality with Shapiro–Wilk tests and the R package “stats” (Royston, 1995) whereas homocedasticity and multicollinearity were examined using the R package “car” (Fox et al., 2007).

After testing the independence of the variables, a backward selection process was used, so that the least significant terms were sequentially eliminated until only significant terms (P < 0.05) remained in the model (e.g., Ibáñez-Álamo et al., 2020). However, the type of urban area (Campus/No campus) was always kept in the models as it was our variable of interest. We also calculated the conditional (R2c = variance explained by the entire model) and marginal (R2m = variance explained by the fixed effects) coefficients with the R package “MuMIn” (Barton and Barton, 2015).

As there was a significant effect of the interaction between the type of urban area (Campus/No Campus) and the bare soil coverage ratio, we conducted a Mann–Whitney U test of bare soil coverage ratio means in both types of urban areas using the R package “stats” (Royston, 1995) to explore whether there are significant differences between campuses and non-campuses depending on this land cover type.

Finally, we performed an exploratory analysis by carrying out linear models (LMs) comparing each diversity variable calculated (same six variables described above) with the type of urban area (campus or non-campus), the studied area ID (Cartuja, Fuentenueva, and PTS), and the interaction between them, as fixed factors. We were particularly interested in the later interaction as it provides information on the potential differences in university campuses associations between paired areas (i.e., studied areas ID). Consequently, we conducted post hoc tests using a Tukey’s test in case the interaction was significant. Linear models and post hoc tests were performed with the R package “stats” (Royston, 1995).




Results

A total of 149 Lepidoptera and 492 Coleoptera specimens were captured in this study. We identified 15 different butterfly species (Supplementary Table 1), three of which were only found once, and none of them belonged to a threatened category according to the Red List of Spanish Threatened Invertebrates (Verdú et al., 2011). Among diurnal Lepidoptera, Pieris rapae was the most common species (48.3% of the individuals of Lepidoptera). Hesperiidae individuals were not found in this sampling. On the other hand, we identified 24 Coleoptera families, and among them, 105 morphospecies (Supplementary Table 2). In this sense, the most abundant and diverse family corresponded to Staphylinidae (34.6% of Coleoptera; 27 morphospecies).

The accumulation curves we obtained show a sample coverage above 75% for diurnal Lepidoptera, almost a 100% for Coleoptera families and above 70% for Coleoptera morphospecies (Supplementary Figure 1). In this sense, comparisons between Lepidoptera species and Coleoptera morphospecies would be quite balanced (Roswell et al., 2021).

In accordance with the model selection process (Table 1), we found a significant association between diurnal Lepidoptera species richness and the type of urban area (Figure 1). This effect seems to differ among paired studied areas as our simpler (exploratory) linear model showed a significant interaction between campus and studied area ID (Estimate ± SD = −2.00 ± 0.70, T = −2.87, p-value = 0.007; Supplementary Figure 2). However, we detected that the association between Lepidoptera species richness and the type of urban area (campus/non-campus) was mediated by the 50 m round bare soil coverage (Urban type × bare soil interaction; Table 1). The analyses on Lepidoptera common species (q = 1) showed a similar pattern with a significant general association regarding the type of urban area (Estimate ± SD = −0.72 ± 0.19, T = −3.72, p-value = 0.000716; Figure 1), but differing among paired areas (Supplementary Figure 2). This association is also affected by the bare soil coverage (Urban type × bare soil interaction; Table 1). For areas with low bare soil coverage, Granada university campuses are richer in Lepidoptera species and more diverse according to the common species than other urban areas, but these differences disappear as bare soil coverage increases (Figure 2). We found no significant difference between campus and non-campus areas in the bare soil coverage (W = 182, p-value = 0.54).


TABLE 1    Generalized linear mixed models (GLMMs) for species richness (q = 0) and the common species (q = 1) diversity index.
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FIGURE 1
Taxonomic diversity comparison between campus/non-campus: (A) Lepidoptera species richness (q = 0), (B) Lepidoptera common species (q = 1), (C) Coleoptera family richness (q = 0), (D) Coleoptera common family (q = 1), (E) Coleoptera morphospecies richness (q = 0), and (F) Coleoptera common morphospecies (q = 1). The boxplots show the median (bar inside the rectangles), upper and lower quartiles and extreme values. Significantly different pairs are marked with an asterisk. Colored bands represent confidence intervals.
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FIGURE 2
Association between the diurnal Lepidoptera species (A), the ground-dwelling Coleoptera family (B) and morphospecies (C) richness (q = 0) and the bare soil surface in combination with the type of urban area. Colored bands represent confidence intervals.


On the other hand, while ground-dwelling Coleoptera only showed a significant association with the type of urban area for common morphospecies (q = 1; Estimate ± SD = −0.73 ± 0.36, T = −2.04, p-value = 0.048; Figure 1), this association disappeared after analyzing paired areas (Supplementary Figure 2). In addition, we found a significant association with the type of urban area mediated by bare soil coverage (Urban type × bare soil interaction) and Coleoptera family richness, Coleoptera common families and Coleoptera morphospecies richness (see Table 1 and Figure 2).

Apart from the association with the type of urban area, the models showed other significant associations (Table 1). Diurnal Lepidoptera common species and Coleoptera morphospecies richness were negatively associated with the intensity of the management. In contrast, Coleoptera morphospecies richness was positively associated with the level of native vegetation, showing that areas with a larger proportion of native vegetation are more diverse than areas with exotic vegetation (Table 1). Furthermore, we also found a significant association between the type of urban area mediated by the native vegetation (Urban type × native vegetation interaction) and the Coleoptera morphospecies richness (see Table 1 and Figure 3). Also, diurnal Lepidoptera species richness and common species were significantly associated with the herbaceous coverage (Figure 4). Similarly, we found this significant positive association between herbaceous coverage and Coleoptera family richness as well as for morphospecies richness (Figure 4).
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FIGURE 3
Association between the ground-dwelling Coleoptera morphospecies richness (q = 0) and the native vegetation in combination with the type of urban area. Colored bands represent confidence intervals.
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FIGURE 4
Association between the taxonomic (families and species)/morphological (morphospecies) richness (q = 0) of the two studied groups (ground-dwelling Coleoptera and diurnal Lepidoptera) and the herbaceous coverage. Colored bands represent confidence intervals.


The Lepidoptera models explained a good part of the variability found in the sampling (with a R2c higher than 0.63 in both models). But for Coleoptera, the models were less explanatory (with a R2c between 0.19 and 0.58). Coleoptera common species (q = 1) models had lower R2c values than the Coleoptera richness (q = 0) models, as they presented less significant variables after the model selection process (Table 1).



Discussion

To our knowledge, our study provides the first comparison of urban insect diversity between university campuses and non-campus urban areas in the Mediterranean region. Particularly, our investigation showed different results depending on the insect taxa analyzed (diurnal Lepidoptera or ground-dwelling Coleoptera). We found that university campuses yield higher diversity values for Lepidoptera but not for Coleoptera compared with other nearby urban areas. These differences seem to be mediated by bare soil cover for some of the diversity variables in both Lepidoptera and Coleoptera and thus, suggesting that these urban landscapes common in many Spanish cities could partially ameliorate the deep impact that urbanization can have on biodiversity (e.g., Deguines et al., 2016; Fenoglio et al., 2020). We also found a positive association of several diversity variables of butterflies and beetles with herbaceous coverage, a negative association of butterfly diversity with management intensity and a positive influence of native vegetation for beetle diversity. We discuss these findings in detail below although they already provide useful recommendations for urban managers and city planners to help them create more biodiversity-friendly cities in the Mediterranean area.


Lepidoptera diversity

Our data suggest that butterflies are favored in Granada university campuses, particularly in the PTS pair, which showed a significantly higher difference between the campus and the non-campus area for both, species richness (q = 0) and common species (q = 1). In order to understand this, we must revise the mixed models with the environmental variables. The models point that butterflies are favored in university campuses, but especially in those areas with low bare soil coverage. The proportion of bare soil cover is similar in both types of urban areas considered in this study (University campus and non-campus areas), which could suggest that the distribution, structure, and other characteristics of university campuses exert a corrective effect on the absence of bare soil, which would be, together with herbaceous vegetation, directly related to the existence and extension of open areas. Open areas are characterized by presenting higher rates of insolation and the possibility of flowering plants’ appearance, which some studies point as the major factors limiting pollinators diversity (Matteson and Langellotto, 2010). In fact, we did see a clear association between the herbaceous coverage and the increased presence of pollinators, specifically in Lepidoptera species richness and common species. For example, the highest value of species richness (five species) and common species (1.490) was found in an observation point within PTS campus. This area is dominated by a lawn garden with ornamental vegetation islands and some isolated trees (Celtis australis). This result is in accordance with previous studies that support the positive effect of early stages of vegetal succession (moistures) in butterfly abundance and species richness, while some species are disturbed directly by the increase of trees and shrubs (Öckinger et al., 2006). In addition, diurnal Lepidoptera seem to benefit from low maintenance activity, so that when the maintenance is more intense, butterfly diversity tends to decrease. This data is consistent with another study in a German urban landscape in which an intense maintenance area presented low values of both diurnal Lepidoptera species richness and common species (Kricke et al., 2014). In this sense, low maintenance areas would be more suitable habitats for butterflies, as they could find food sources and protection for every life stage, while in areas with continuous mowing events (values 3 and 4 in our study) these resources would be less available, and the individuals could be directly affected (Kricke et al., 2014; Tam and Bonebrake, 2016).

In the studied city (Granada), management intensity level 2 (annual weeding) must be carried out for fire prevention reasons according to the current legislation. However, one possible option to reduce management intensity would be to decrease mowing frequency, as suggested by Wastian et al. (2016). This action will favor entomophilous flowering plants, providing the necessary resource for nectar-feeding insects, like diurnal Lepidoptera (Kricke et al., 2014). In cases where management is necessary, Tam and Bonebrake (2016) propose that the plantation of native nectar plants should help butterflies adapt to the urban environment. Well-managed urban green areas can act as biodiversity islands, providing food and shelter for insects as well as ecosystem services to humans (Matthies et al., 2017). In this sense, native vegetation can hold a higher diversity of insects and better microhabitat conditions (Tallamy et al., 2010). However, diurnal Lepidoptera recorded do not seem to be benefited from higher values of native vegetation, this may be due to the fact that urban butterflies are more generalist than non-urban species for certain nutritious plants (Bergerot et al., 2011). Accordingly, there are records of non-native and invasive plants acting as prospective host plants for butterflies in urban sites (Mukherjee et al., 2015; Tallamy and Shriver, 2021). Furthermore, Matteson and Langellotto (2010) point out that rooftop gardens and terraces with southern exposures are good places to implement floral planting in order to benefit a greater diversity of pollinators. In Granada university campuses this could be implemented, improving the campus insect biodiversity and facilitating some field studies within, by using a place that nowadays is not used for any application. On the other hand, Granada urban area presents a high dominance of the species Pieris rapae (almost 50% of the observations), so it is not surprising that our results show lower butterfly common species (q = 1) values than other studies (Paul and Sultana, 2020). The huge dominance observed for P. rapae is consistent with some studies suggesting that this butterfly tends to increase in urban environments (Hardy and Dennis, 1999). In this sense, Pieridae was the most common family surveyed, followed by Nymphalidae (which showed the highest species richness), showing similar trends to other urban studies (e.g., Gandhi and Kumar, 2015; Prudic et al., 2018). The only diurnal Lepidoptera family that was not found in this study is Hesperiidae. This could be a real finding but could also be explained as a methodological bias because male individuals of this group rest in the vegetation and dart at passing objects in their search for females (Scott, 1973), and therefore they are not easily found in purposive point count sampling (Lang et al., 2019). For example, although Acharya and Vijayan (2015) found Hesperiidae individuals of six species using the point count method, they represented a lesser number of species sampled (3.7%).



Coleoptera diversity

For beetles, the university campuses of Granada are areas that seem to be favoring the diversity and richness of ground-dwelling beetles, but the effect is not visible in the paired areas as was for butterflies. Each of the beetle models showed a slightly different trend, hence the need to study this group at various taxonomic/morphological levels. Although we only detected a significant association between the Coleoptera common morphospecies and the type of urban area, there are no significant differences in the paired areas. However, we can observe an inverse tendency in FN and PTS compared with CA for Coleoptera family richness. Although we might think that CA campus could sustain higher values of Coleoptera diversity than the paired urban area, that is not happening, probably because of the importance of bare soil and herbaceous coverage, as it is explained as follows.

According to our results for ground-dwelling Coleoptera, university campuses could be mitigating the potential negative effect of the lack of bare soil in urban areas on the diversity of ground-dwelling beetle, just as it could be doing for butterflies. This may be due to the characteristics of the university campuses in Granada providing suitable sites for this group of beetles. As already shown in the meta-analysis of Méndez-Rojas et al. (2021), Staphylinidae (the most abundant Coleoptera family in our study) are not so negatively affected in the urban environment, because there are different microhabitats that they can use for shelter (fallen logs, stones, plant debris, etc.), which could be found in areas considered in the study as bare ground cover. In this sense, university campuses, although not having greater bare ground coverage, could be offering refuges that ground-dwelling Coleoptera use in bare soil areas. This association has been evidenced for all the Coleoptera models except for the common species. Based on both richness models (family and morphospecies), we can see that ground-dwelling beetles appear preferentially in areas with high herbaceous cover, just as butterflies do. And also similarly to butterfly species, Coleoptera morphospecies richness is positively associated with low values of maintenance intensity of vegetation. Since most of beetles are predators, scavengers, or detritivores, they may find the necessary resources, like plant debris, in this kind of habitat. These resources have been positively related to high values of diversity, as they act as an ideal habitat for the development of these insect larvae (Magura et al., 2013). In addition, humans themselves provide resources as domestic waste, which has been related to the increase of Staphylinidae diversity in urban areas (Yujie and Jindong, 2015). This type of waste is more unlikely to be removed from herbaceous cover areas (as opposed to paved areas that are cleaned assiduously). Furthermore, some studies indicate that there could be a selection of species from open spaces in fragmented habitats (Lange et al., 2014; Sánchez-Bayo and Wyckhuys, 2019), such as those found in urban areas, which can also be related to the positive associations found between Coleoptera richness variables and herbaceous cover.

The morphospecies richness model showed another association between beetles and vegetation: Coleoptera morphospecies are more diverse in areas with higher percentage of native vegetation. For example, the East area of the PTS campus showed the highest value of family (13 families) and morphospecies richness (18 morphospecies) as well as common family (2.072). This area is a wasteland dominated by native therophytes from the Asteraceae, Brassicaceae, and other families. The close positive relationship between Coleoptera diversity and the presence of native vegetation has been previously reported, resulting in similar findings (Mata et al., 2017; Threlfall et al., 2017; Correa et al., 2019), but as they are principally predators, they could not have a direct effect from the vegetation (Barratt et al., 2015). Furthermore, there is also another interesting interaction between native vegetation and the type of area: university campuses have higher Coleoptera morphospecies richness than other urban areas when the proportion of native vegetation is low. This result could reflect a buffer effect of university campuses maintaining beetle diversity despite hosting exotic vegetation. This is an example of an urban insect diversity predictor variable whose effect is still not very clear, and which needs further research in combination with other variables (Fenoglio et al., 2021).

To sum up, these results fit our initial hypothesis that Granada university campuses could sustain higher values of butterfly and beetle diversity. However, this effect varies depending on the urban variable analized and the taxonomical level considered. This reinforces the need for studies that not only contemplate multiple taxa, but also explain the individual effects of the different families of this diverse group of organisms. Our study opens a path for further insect studies, highlighting the value of university campuses as high diversity areas within the urban environment. In this sense, university campuses are not only important green spaces within the urban matrix, but also seem to have inner characteristics that favor the presence of insects, as has already been indicated for other taxa (Liu et al., 2021).
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SUPPLEMENTARY FIGURE 1
Species accumulation curves of the sample coverage of the study for (A) diurnal Lepidoptera, (B) ground-dwelling Coleoptera families and (C) ground-dwelling Coleoptera morphospecies in university campuses and other urban areas. Colored bands represent confidence intervals.

SUPPLEMENTARY FIGURE 2
Taxonomic diversity in each campus/non-campus pair: (A) Lepidoptera species richness (q = 0), (B) Lepidoptera common species (q = 1), (C) Coleoptera family richness (q = 0), (D) Coleoptera common family (q = 1), (E) Coleoptera morphospecies richness (q = 0), and (F) Coleoptera common morphospecies (q = 1). Significance was tested by Tukey’s Test (values sharing the same letter are not significantly different, 95% family-wise confidence level). The boxplots show the median (bar inside the rectangles), upper and lower quartiles and extreme values.


Footnotes

1     https://butterfly-monitoring.net/

2     https://imagej.nih.gov/ij/

3     www.google.es/earth/about/versions/#earth-pro

4     www.gbif.org/es/

5     www.inaturalist.org/
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Estimate Std. error Pr (> [t])

Lepidoptera species richness (g = 0) model

(Intercept) 1.3566 0.5528 31.0000 2.454 0.01994*
Non-campus —1.4419 0.6471 31.0000 —2.228 0.03327*
Herbaceous vegetation 10.5989 1.8612 31.0000 5.695 2.93e — 06%**
Bare soil —13.1268 5.6181 31.0000 —2.337 0.02610*
Non-campus: Bare soil 20.4422 6.0334 31.0000 3.388 0.00193**

R*m =0.6716851; R>c = 0.6716851

Common Lepidoptera species (g = 1) model

(Intercept) 0.88016 0.22982 30.0000 3.830 0.00061***
Non-campus —0.64981 0.20687 30.0000 —3.141 0.00377**
Maintenance —0.13234 0.06404 30.0000 —2.067 0.04751*
Herbaceous vegetation 2.58532 0.58632 30.0000 4.409 0.00012***
Bare soil —4.71121 1.79101 30.0000 —2.630 0.01333*
Non-campus: Bare soil 6.09077 1.93340 30.0000 3.150 0.00368**

R?m = 0.6345666; R%c = 0.6345666

Coleoptera family richness (g = 0) model

(Intercept) 8.64448 2.10291 30.0000 4.111 0.00028***
Non-campus —4.73906 1.98486 30.0000 —2.388 0.02346*
Woody vegetation —0.10534 0.04718 30.0000 —2.233 0.03318*
Herbaceous vegetation 0.16493 0.05519 30.0000 2.988 0.00555**
Bare soil —0.40462 0.16845 30.0000 —2.402 0.02270*
Non-campus: Bare soil 0.72098 0.18323 30.0000 3.935 0.00046**

R?m = 0.5781291; R%c = 0. 5781291

Common Coleoptera family (g = 1) model

(Intercept) 1.72160 0.26734 12.7114 6.440 2.45e — 054
Non-campus —0.92532 0.35136 9.0954 —2.634 0.02700*
Bare soil —0.05557 0.03180 28.7677 —1.747 0.09130
Non-campus: Bare soil 0.08659 0.03590 31.2307 2.412 0.02190*

R?*m =0.1972203; R>c = 0.1972203

Coleoptera morphospecies richness (g = 0) model

(Intercept) 53.5972 11.2007 19.5464 4.785 0.00012***
Non-campus —36.6034 10.5746 10.7504 —3.461 0.00550**
Native vegetation —10.5373 2.9822 27.0258 —3.533 0.00145**
Maintenance —5.2156 1.9601 27.9997 —2.661 0.01276*
Herbaceous vegetation 0.6823 0.1843 27.5897 3.703 0.00094***
Bare soil —1.6997 0.4818 24.8999 —3.527 0.00166**
Non-campus: Native vegetation 10.0969 3.7495 25.6961 2.693 0.01230*
Non-campus: Bare soil 1.8541 0.5400 27.2828 3.433 0.00192**

R?m = 0.4455347; R>c = 0.5325648

Common Coleoptera morphospecies (g = 1) model

(Intercept) 2.4550 0.3372 4.0000 7.280 0.00189**

Non-campus —0.7268 0.4769 4.0000 —1.524 0.20215

R?*m =0.1025382; R>c = 0.2320241

Only significant results are shown (*p < 0.05, **p < 0.01, and ***p < 0.001). The marginal and conditional R? values are also indicated for each model.
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