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Abstract: Olive agroecosystems are of great agricultural, environmental, cultural and economic 

importance for the Mediterranean. In the island of Crete (Greece) olive orchards are the most 

common cultivation, occupying 20% of the total land area. Patterns of invertebrate biodiversity of 

olive cultivation have been associated with farming systems, the agro-ecological zones of cultivation 

and landscape attributes. Terrestrial snails of 16 olive orchards under two different farming systems 

(organic and conventional) located in two different agro-ecological zones (plain and hilly) were 

studied in the Messara plain, south Crete. Linear models and Mantel tests were used to evaluate the 

effect of different factors on land snail richness and composition, respectively. Species richness of 

terrestrial snails was higher in hilly olive orchards regardless of the farming systems. Species 

richness was explained by landscape attributes (olive orchard area, isolation, slope and 

anthropogenic impact), while species composition was only partly associated with landscape 

characteristics. Preliminary results indicate distinct community patterns of terrestrial snails in olive 

orchards in the Messara plain. Landscape characteristics are important factors affecting snail 

biodiversity of olive orchards. Terrestrial snails are highlighted as potential indicators for studying 

the impact of olive orchard management on biodiversity.  
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1. Introduction 

Agricultural land covers ca. 40% of the Earth’s surface [1], hosting a plethora of animal and plant 

species. As with other environments, agroecosystems and their biodiversity face serious threats [2]. 

Lately, scientists have observed a dramatic decrease in species related to agroecosystems (e.g. [3]). 

Among the main threats to agroecosystems that can cause species loss is agricultural intensification, 

habitat fragmentation in isolated patches and homogenization of the agricultural landscape [4-6]. 

Loss of biodiversity, in turn, can lead to loss of agroecosystem services, e.g. loss of species that 

provide biological pest control, could lead to the degradation of the quality and the quantity of the 

agricultural production. 

Mediterranean countries, like Greece, are characterized by olive cultivation across a variety of 

landscapes and agroecological zones and under different farming systems. Nowadays, olive 

cultivation frequently follows a conventional and intensive agricultural protocol, in order to increase 

profitability, this is the case also in Crete, with considerable impact on biodiversity [7-11]. 

Nevertheless, only a limited number of studies have been conducted regarding the biodiversity of 

Mediterranean olive orchards so far [9-11, 12, 13].  

Land snails in agroecosystems have been considerably less studied (e.g. [5, 14]) in comparison 

to other animal groups (e.g. birds). Nonetheless, land snails comprise a promising bio-indicator for 
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monitoring agroecosystem and farmland biodiversity in general (e.g. [14, 15]). In Crete, more than 

100 species have been found, many of which are endemic to Crete and adjacent islands [16].  

The present study aims a) to research and record, for the first time, the land snail biodiversity in 

olive orchards in Crete under different farming systems (organic and conventional) and distributed 

in two agroecological zones (hilly and plain), and b) to evaluate the effect of landscape attributes 

related to habitat fragmentation, habitat isolation and anthropogenic impact on land snail 

biodiversity. So far, studies on olive orchard biodiversity usually concern arthropods or birds (e.g. 

[9-11]). However, the study of multiple groups may offer safer conclusions regarding the state of 

agroecosystems as different plant and animal groups may respond differently to biotic and abiotic 

environmental attributes [5, 6, 14, 17, 18]. 

2. Materials and Methods  

Field Sampling 

The study took place in 16 olive orchards planted with Koroneiki cultivar and located in two 

different agroecological zones at western Messara plain in southern Crete, Greece. Two different 

farming systems were applied on the olive orchards, i.e. conventional and organic. Seven 

conventional orchards follow the corresponding description in the EU Common Agricultural Policy 

framework and nine organic orchards follow EU legislation on organic farming [(EC) 834/2007]. The 

selection of orchards was based on previous research carried out in the area [7, 8]. The orchards were 

equally distributed in the two different agroecological zones, i.e. plain and hilly, differentiated upon 

elevation, terrain, abiotic (soil type and fertility, rainfall, temperature, humidity), and biotic 

environment (fauna and flora), and the intensity of management applied in the olive orchards. 

Collection of land snails took place between October 2019 and November 2020. Land snails were 

collected by hand along transects, from predefined 1sqm2 patches and from all potential 

microhabitats inside the orchards. Such microhabitats include the area under the olive trees, rocks or 

rock walls, uncultivated parts inside the orchards etc. Snails were identified at the species level using 

updated taxonomic keys (e.g. [16]). 

 

Statistical analyses 

Differences in species richness between the different farming systems and the different agro-

ecological zones were tested using a Student’s t-test. Linear mixed effects models and linear models 

were used to explain the effect of landscape attributes on species richness. Prior to model building, 

species richness and all the predictors were log10-transformed to follow a normal distribution. A 

visual inspection of Q-Q plots was used for the assessment of the normality assumptions. The 

Variance Inflation Factor (VIF) was used to test for collinearity among the predictors. Highly collinear 

variables, i.e. VIF values >10 [19], were excluded from further analyses as they could bias the models’ 

estimates. Remaining variables included orchard area as a proxy for habitat amount (sensu [5]), 

distance to nearest natural grassland and sclerophyllous vegetation as a proxy for habitat isolation, 

closest distance to urban structures and closest distance to the road network as proxies for 

anthropogenic impact. Other landscape characteristic included in the analyses were mean orchard 

altitude and mean orchard slope. Natural grassland and sclerophyllous vegetation refer to Corine 

Land Cover (CLC) classes (https://land.copernicus.eu/pan-european/corine-land-cover). The 

distances from natural grassland, sclerophyllous vegetation and discontinuous urban fabric (i.e. 

urban structures) were calculated using the ‘near’ tool in ArcMap v10.7.1. 

Eight linear and linear mixed effects models were used to assess the effect of landscape attributes 

on land snail species richness. The eight models had different combinations of parameters and 

random effects in order to test for a potential effect of management practice and/or agro-ecological 

zone on species richness. Models were built using the commands ‘lm’ and ‘lmer’ of the ‘lme4’ R 

package [20]. Models were compared via Akaike Information Criterion (AIC). Models differed 

significantly when ΔAIC > 2 [21]. 
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Variation in land snail composition among the olive orchards was assessed using the Jaccard 

dissimilarity indices, namely bjac, bjtu and bjne. Compositional dissimilarity is partitioned into 

dissimilarity resulting from species replacement without the influence of species richness and 

dissimilarity resulting from species loss [21, 22]. bjac equals to dissimilarity due to species replacement 

between olive orchards (bjtu) and due to species loss (bjne) [22]. The R package betapart v. 1.5.2 [23] 

was used to calculate the dissimilarity indices. Mantel and partial Mantel tests were used to explore 

compositional dissimilarity patterns among the olive orchards in relation to the geographic and 

environmental distance between them. Environmental distance was expressed as a set of landscape 

characteristics, i.e. orchard area, mean orchard altitude, mean orchard slope, distance to nearest 

natural grassland and sclerophyllous vegetation, closest distance to urban structures and closest 

distance to the road network. The environmental distance matrix was created using Euclidean 

distances. The geographic distance matrix was produced in ArcGIS using the tool ‘Generate Near 

Table’, which calculates the geographic distance between each pair of olive orchards. Mantel and 

partial Mantel tests were generated using the R package vegan v. 2.5-7 [24]. 

3. Results 

In total, 18 species were identified belonging to 17 genera and 8 families. The species Cornu 

aspersum (O.F. Muller, 1774), Cantareus apertus (Born, 1778) and Eobania vermiculata (O.F. Muller, 1774) 

were found in all olive orchards, and the species Pseudoxerophila bathytera (Westerlund & Blanc, 1879) 

was found only in one olive orchard. Mean species richness was 9.6±2.16. Average species richness 

in hilly orchards was significantly higher than in plain olive orchards (p = 0.0062). There was no 

significant difference between species richness in conventional and organic olive orchards (p = 0.76) 

(Figure 1). 

 

 
(a) 

 
(b) 

Figure 1. Boxplots showing differences in species richness of the Cretan olive orchards: (a) Average 

species richness varied significantly between agro-ecological zones, i.e. plain and hilly; (b) Average 

species richness did not vary significantly between farming systems, i.e. organic and conventional. 

The best linear model (ΔAIC>2) explained very well variation in species richness of the olive 

orchards (F = 12.53, p = 0.002, R2adj. = 0.8602) (Table 1). The farming system and/or the agro-ecological 

zone did not improve the model when used as random factors (Appendix A). Species richness 

increased with orchard area and mean altitude, as well as, when orchards were closer to urban 

constructions and to natural grassland and sclerophyllous vegetation. 

Table 1. Results of the best linear model (ΔAIC>2). Significant variables are in bold. 
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R2adj. P1 ΔAIC2 Variables3 Est.4 P var.5 

0.8602 0.002 3.79 Farming system – organic 0.03632 0.12 

   Agro-ecological zone – plain -0.11364 0.002 

   Area 7.93208 0.005 

   Mean altitude 0.61821 0.0006 

   Mean slope -0.02626 0.69 

   Closest distance to urban constructions 0.16778 0.013 

   
Closest distance to natural 

grassland/sclerophyllous vegetation 
0.39720 0.0004 

   Closest distance to road network 0.02220 0.20 
1 p value of the linear model; 2 the difference between the best model and the next in Akaike’s information 

criterion; 3 the landscape attributes used as predictor variables; 4 the estimate of the multiple regression; 5 

significance of the variables in the linear model. 

Mean compositional dissimilarity was medium among the orchards (bjac = 0.48), beta diversity 

patterns were primarily caused by species replacement (bjtu = 0.36) and not species loss (bjtu = 0.12). 

Mantel and partial Mantel tests showed that beta diversity (bjac) was positively correlated with 

environmental distance while geographic distance was not important (Table 2).  

Table 2. Results from Mantel and partial Mantel tests, showing correlations of species dissimilarity 

distance (expressed by bjac) with geographical and environmental distance between the olive 

orchards. 

 r1 P2 

Geographic distance 0.1046 0.1702 

Environmental distance 0.301 0.007 

Effect of environmental distance removed -0.1048 0.8555 

Effect of geographic distance removed 0.3011 0.006 
1 Spearman correlation coefficient; 2 statistical significance of Spearman correlations. 

4. Discussion 

Land snail richness in Cretan olive orchards is significantly higher in the hilly agroecological 

zone, however no significant differences in species richness were detected between organic and 

conventional orchards. Our results are supported by previous studies regarding soil-dwelling 

invertebrate diversity in Cretan olive orchards in the area of study [10]. Indeed, land snail richness is 

higher in intermediate altitudes [25] which can partly explain why the olive orchards in the hilly zone, 

i.e. in higher altitudes, have more species in comparison to the olive orchards in the plain zone. In 

addition, another explanation may also lie in the fact that olive orchards in the hilly zone are 

characterized by the presence of stony micro-habitats, e.g. stony soils and stone walls, which in turn 

favour species richness (e.g. [26]). The absence of differences in species richness between organic and 

conventional olive orchards is also in agreement with previous studies [10]. An explanation is that 

managment practices (e.g. soil, soil vegetatton and olive tree canopy management) and input use (e.g. 

irrigation water, fertilizer and pesticide use) differ greatatly within the same farming system (see [27]) 

and thus hamper any potential effect of the farming system on land snails. 

Variation in land snail richness of olive orchards was well-explained by a set of predictors 

related to habitat size, i.e. area, habitat isolation and anthropogenic impact. Our results agree with 

the general rule that species richness increases with area [28]. It should be noted however, that 

orchard area alone did not have an effect on species richness, agreeing with a similar study on the 

relationship of apple orchard size to land snail richness [5]. This may be related to the fact that the 

olive orchards have similar sizes ranging from 0.003 to 0.083 km2 (0.012 km2 on average). 
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The positive effect of the proximity to natural grassland and sclerophyllous vegetation on 

species richness was also expected. Such habitats include phrygana - maquis vegetation, are common 

in the Messara plain and host a relatively high number of land snail species (see [29, 30]). Many land 

snails typical of phrygana - maquis vegetation were commonly found in the olive orchards indicating 

the connectivity and low degree of isolation between the different habitats (olive orchards and 

phrygana – maquis vegetation). Also, species such as C. aspersum, E. vermiculata and Rumina saharica 

Pallary, 1901 are considered anthropophilic (see [29, 30]) and are associated with human settlements, 

explaining the positive effect of anthropogenic impact on species richness. 

Species composition pattern is mainly due to species replacement and not species loss. This is 

explained as the olive orchards are in close proximity to each other (e.g. the farthest distance between 

orchards is 13.6 km). Environmental factors, i.e. habitat area, isolation and the anthropogenic impact 

explained only partly species compositional dissimilarity, whereas the geographic distances between 

the orchards were not significant at all. Indeed, in such a small scale, Cretan land snail fauna can be 

homogenous (e.g. [31]). Here, land snails associated with the olive orchards include widespread 

species, e.g. C. aspersum and E. vermiculata, as well as endemic but common species such as P. bathytera. 

5. Conclusions  

The agroecological zone and not the farming system is associated with land snail species richness. 

This is in agreement with previous findings for invertebrate fauna of Cretan olive orchards in Crete. 

A combination of landscape attributes explains satisfyingly patterns of species richness and only 

partly associates with species composition patterns. More species are found in olive orchards with 

more available micro-habitats, close to natural habitats and human settlements. At the same time, the 

scale of the study may explain the medium dissimilarity in species composition. This study is a first 

attempt to evaluate the effect of olive orchard characteristics on land snails, a group not often used 

in agroecological research. Our findings indicate that land snails may serve as a potential bio-

indicator and should be considered in future biodiversity assessments of olive orchard 

agroecosystems.  
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Abbreviations 

Appendix A 

List of linear and linear mixed effects models used to assess the effect of landscape attributes on 

land snail species richness. The eight models had different combinations of parameters and random 

effects in order to test for a potential effect of management practice and/or agro-ecological zone on 

species richness. 

 

List of linear and linear mixed effects models used to assess the effect of landscape attributes on land 

snail species richness. The eight models had different combinations of parameters and random effects 

in order to test for a potential effect of management practice and/or agro-ecological zone on species 

richness. Models were built using the commands ‘lm’ and ‘lmer’ of the ‘lme4’ R package (Bates et al., 
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2020). Models were compared via Akaike Information Criterion (AIC). Models differed significantly 

when ΔAIC > 2 (Burnham and Anderson, 2004). 

 

1. lm_area<-lm(log_richness~log_area) 

2. lm0<-lm(logrichness~ man +az +log_area +logaltmean +logslopemean +log_X112_NEAR_DIST 

+log_X321_323_NEAR_DIST +log_road, data = snails) 

3. lm1<-lm(logrichness~ log_area +logaltmean +logslopemean +log_X112_NEAR_DIST 

+log_X321_323_NEAR_DIST +log_road, data = snails) 

4. lm2<-lm(logrichness~ man +log_area +logaltmean +logslopemean +log_X112_NEAR_DIST 

+log_X321_323_NEAR_DIST +log_road, data = snails) 

5. lm3<-lm(logrichness~ az +log_area +logaltmean +logslopemean +log_X112_NEAR_DIST 

+log_X321_323_NEAR_DIST +log_road, data = snails) 

6. lme1 <- lmer(logrichness~ log_area +logaltmean +logslopemean +log_X112_NEAR_DIST 

+log_X321_323_NEAR_DIST +log_road + (1|man) + (1|az), data = snails) 

7. lme2 <- lmer(logrichness~ log_area +logaltmean +logslopemean +log_X112_NEAR_DIST 

+log_X321_323_NEAR_DIST +log_road + (1|man), data = snails) 

8. lme3 <- lmer(logrichness~ log_area +logaltmean +logslopemean +log_X112_NEAR_DIST 

+log_X321_323_NEAR_DIST +log_road + (1|az), data = snails) 

 

Table A1. List of models in order of highest AIC. 

Model Degrees of Freedom AIC 

lm0 10 -54.181096 

lm3 9 -50.392709 

lm2 9 -33.017370 

lm1 8 -31.484617 

lm_area 3 -24.556689 

lme3 9 -15.299324 

lme1 10 -14.101058 

lme2 9 -7.914868 
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