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ABSTRACT 

Insects are one of the most diverse multicellular organisms on the planet, representing 
an important part of the global biomass, ecological functions. This group present gaps of 
knowledge, especially in Ecuador, which is considered megadiverse worldwide and the 
most biodiverse in species per unit area. The main causes are the wide heterogeneity of 
ecosystems that occurs in small geographic ranges, complex climatic history and several 
geological events, originated by the Andes uplift. However, there is knowledge gaps, 
making it difficult the study of their spatial patterns. For these reasons, our objective is 
to contribute to the knowledge of regional spatial distribution of biodiversity, including 
altitudinal, in the way to understand the relation of the Andes uplift and the patterns of 
insects diversity. Through the use of databases generating from different projects in the 
country and spatial analysis techniques. Results suggest that information was 
taxonomical and spatial skewed, and Andes uplift seems to be the main biogeographical 
barrier that generates the actual patterns of regional diversity of insects. This is the first 
work that map the regional patterns of insects diversity in continental Ecuador 

Keywords: Insects, Spatial Patterns, Alfa diversity, Beta diversity, Endemism, Andes, 

Ecuador
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1. INTRODUCTION  

Insects are one of the most diverse multicellular organisms on the planet, with more than 

a million described species, representing an important part of the global biomass, 

ecological functions and terrestrial and aquatic biodiversity (Diniz-Filho et al., 2010; 

Lewinsohn et al., 2005; Oliveira, Soares-Filho, et al., 2017). In addition, insects maintain 

ecosystem services such as pollination (Cardinale et al., 2012), secondary seed 

dispersal, nutrient flow and parasite control (Nichols et al., 2008), being one of the most 

important functional groups. Despite its importance in ecosystems, insects are 

systematics neglected in several taxonomic groups with knowledge gaps in spatial 

diversity patterns on macroecological or biogeography applied to conservation (Brehm 

et al., 2005; Cardoso et al., 2011; Diniz-Filho et al., 2010; Gaston & May, 1992; 

Lewinsohn et al., 2005; Oliveira et al., 2016; Thomas et al., 2008; Wilson et al., 2008). 

These knowledge gaps have been produced by the limitation of the study on taxonomy 

and the time required to treat large samples of collections of insects (Diniz-Filho et al., 

2010; Spector, 2009). This issue is more note in the tropics, where a greater diversity of 

species from different groups had been recorded on a global scale (Cardoso et al., 2011; 

Mittermeier et al., 1998; Myers et al., 2000; Samways, 2005), such as the case of 

Ecuador. 

This country is considered megadiverse worldwide and the most biodiverse in species 

per unit area in insects (Mittermeier et al., 1998; Sierra et al., 2002). The main causes to 

determinate the distribution and high diversity of insects in the country  is the wide 

heterogeneity of ecosystems that occurs in small geographic ranges, complex climatic 

history and several geological events (Michaud et al., 2009), being the Andes mountain 
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range the principal factor that originate these environmental heterogeneity Andes 

mountain range(Fontana et al., 2020; Henry et al., 2009; Hodkinson, 2005; Jankowski et 

al., 2009; Pérez-Toledo et al., 2021). This scenario is ideal to study the interaction 

between altitudinal gradients originated by mountain ranges and their effect in the 

regional patterns of diversity. For example, there is a lot of evidence of the influences of 

mountainous ranges to regional α-diversity on several taxa, suggesting an increment in 

species richness at intermediate elevations ( Bass et al., 2010; Cabrera et al., 2019; 

Cuesta et al., 2017; Leimbeck et al., 2004; Lessmann et al., 2014; Quintana et al., 2017; 

Richter et al., 2009; Vargas et al., 2004). On the other hand,  the attention in 

understanding the relationships between elevational changes and β-diversity has 

increased in recent years, principal findings suggest that mountains increase the shift in 

the communities influenced by topographic changes (Kraft et al., 2011), and the level of 

habitat specialization of  taxa,  (Lenoir et al., 2010; Leprieur et al., 2011; Qian, 2009). 

Regarding endemism, which we refer as the occurrence of a species in a specific 

geographic area and dependent of the spatial scale (Fattorini, 2017), Ecuador has been 

recognized to harbor several taxonomic groups restricted to specific ecosystems and 

altitudinal ranges (e.g.: Bass et al., 2010; Morales et al., 2006; Seena et al., 2019; Tobar-

Suárez et al., 2022; Voss, 2003). For example, plants increase in endemic species 

groups  above 1000 m., with the highest concentration towards the “Páramos”, due to 

their unique environmental conditions (Valencia et al., 2000; Young et al., 2002). But, 

most of the regional patterns mentioned are tied to the study of birds, amphibians, 

mammals, and plants, generating gaps of knowledge in the understanding of the regional 

spatial patterns of insects diversity (Cardoso et al., 2011; Diniz-Filho et al., 2010; Oliveira 

et al., 2016; Oliveira, Soares-Filho, et al., 2017). 

Despite the lack of regional studies for understanding the spatial patterns of insects 

diversity, there are studies focused on more “local” patterns. For example, a high 

diversity of dung beetles (Coleoptera) at the Cutucú mountain range, a southeastern 

isolated Amazonian range whit high environmental variability (Celi et al., 2004), the same 

was found in another study at the Napo province (Espinoza & Noriega, 2018). A high 

endemism and turnover of beetles has also been recorded in the “páramos” (Moret, 

2009). Most of the diversity of ants known in at intermediate  (Donoso & Ramón, 2009), 

and  low altitude  in a the tropical region  (Ryder Wilkie et al., 2010). Geometridae 

(Lepidoptera) family, are mostly located in the southern montane forest (Brehm et al., 

2005). All of these studies emphasize the importance of mountain ranges. Extrapolating 

these findings to a regional context, is expected that Andes mountain range is the main 
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biogeographical barrier that explain regional patterns of insects diversity in Ecuador. The 

high  topographic complexity on mountain ranges hypothesis propose that mountain 

ranges promotes habitat diversity and rapidly change of abiotic conditions in relative 

short distances, consequently generating insects speciation (Bell & Donoghue, 2005; 

Distler et al., 2009; Hughes & Eastwood, 2006; Pirie et al., 2006; von Hagen & Kadereit, 

2003). These rapid change in habitat and abiotic conditions also make the Andes 

mountain range recognized as an important hot spot, being considered a promoter of 

evolutive diversification in several taxonomic groups (Antonelli & Sanmartín, 2011; 

Santos et al., 2009). But not only the topographic and habitat heterogeneity explains the 

diversity patterns in mountains ranges, the high environmental energy produced by the 

interaction of temperature and productivity especially in the transition of montane forest 

and lowlands regions could explain high diversity present here, by increasing 

physiological activation, regulating foraging time as well as intervening in development 

and reproduction (Azcárate & Peco, 2007; Colinet et al., 2015; Khaliq et al., 2014), 

promoting speciation and decreasing the rate of extinction (Kaspari et al., 2004; Seoane 

et al., 2017; Storch et al., 2018; Wu, Colwell, et al., 2013).Because of this, Andes 

mountain range, is an important reservoir, being a refugia for species through different 

historical rapid climate changes, because species change their range distribution in 

mountains gradients in order to find optimal conditions, especially when temperature 

increases at lowlands (Chen et al., 2011; Colwell et al., 2008; Sandel et al., 2011), that 

is more accentuated in tropical regions where species had  narrowed their thermal 

tolerances (Janzen, 1967).    

It is necessary to add that Andes mountain range is not the only explanation by which 

species diversify, but this biogeographical barrier prepare the scenario to evolutive and 

environmental process that promote the increase in regional biodiversity (Perrigo et al., 

2020), including the Insecta class. For these reasons, is necessary to study the regional 

spatial distribution of biodiversity, including altitudinal, in the way to understand the 

relation of the Andes mountain range and the patterns of insects diversity, which could 

reveal new regional biogeographical and macroecological insights compared to 

emblematic and widely study groups (Cardoso et al., 2011; Diniz-Filho et al., 2010; 

Oliveira et al., 2016; Oliveira, Soares-Filho, et al., 2017).  Therefore, this work seeks to 

contribute to the understanding of regional spatial patterns of insects diversity, a 

taxonomic group catalogued as poorly-known in the country (Diniz-Filho et al., 2010; 

Inclán Luna et al., 2017). Our objectives are to determinate the influence of Andes 

mountain range in α-Diversity; β-Diversity and the delimitation of areas of endemism in 
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continental Ecuador. Following the proposed effect of the Andes, we expected that 1) 

species richness will change with the presence of Andes mountain; 2) Andes mountain 

range will be the principal barrier in the shift of species composition and 3) The principal 

areas of endemism will be delimitated by highlands of Andes. Andes mountain range 

2. MATERIALS AND METHODS  

2.1. Data Collection 

We collected data from five databases: GBIF (https://www.gbif.org/) (Gbif.Org, 2021), 

iNaturalist (https://www.inaturalist.org/) , IDigBio (https://www.idigbio.org/), Bioweb 

(https://bioweb.bio/), Base Nacional de Biodiversidad (BNDB); 

https://bndb.sisbioecuador.bio/bndb/) and Smithsonian collections 

(https://naturalhistory.si.edu/research/entomology), until September 2021 (Figure 1). 

Species records only included those found within a 100 km buffer from the political limits 

of continental Ecuador, and were filtered by selecting the class “Insecta'' and the 

scientific name corresponding to the category “accepted”. We deleted invasive species, 

repeated records or taxa tagged as confer (cf.), affinis (aff), or species (sp.). The density 

of records was estimated with the Kernel interpolation technique in the software QGIS 

3.16 (QGIS Development Team, 2021). 

2.2. Species records distribution 

We calculated the percentage of distribution of the records by Order, the percentage of 

records coming from the databases, records within different natural regions[as 

determined by the Ecuador Ecosystems map (Regiones Naturales Ecuador, n.d.)]. 

Percentages of records within the national system of protected areas (SNAP for the 

acronym in Spanish) and the records outside these. 

2.3. α-Diversity  

The species richness (α-Diversity) was estimated using the methodology proposed by 

Oliveira et al. (2019), which consist in the creation of hexagonal grid, where cells 

represent a sampling unit with a diameter of 10 km, this measure has been used to 

previous works of mapping diversity patterns at regional scale (Jenkins et al., 2013). The 

records were spatially merged with the grid and those cells with less than 30 records 

(without considering species identifications) were the occurrences eliminated. Then, the 

number of species was assigned to each cell and the grid was transformed to points 

taking as reference their centroids. Finally, we interpolate and mapped α-Diversity using 

https://www.gbif.org/
https://www.inaturalist.org/
https://www.idigbio.org/
https://bioweb.bio/
https://bndb.sisbioecuador.bio/bndb/
https://naturalhistory.si.edu/research/entomology
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the logarithm of species richness with the Empirical Bayesian Kriging (E.B. Kriging) 

technique (Pilz & Spöck, 2008), using ArcGIS 10.5 (Redlands, 2016). To evaluate the 

performance of the models, we conducted a cross-validation test and a simple linear 

regression model was fitted on the predicted values and the observed values. 

Moran’s I autocorrelation index was calculated to test spatial autocorrelation, if records 

are randomly distributed or presented clustered patterns (Goodchild, 1986; Griffith, 1987; 

Legendre, 1993). To explore spatial autocorrelation on the performance of E.B. Kriging 

technique, we used the “ape” package (Paradis & Schliep, 2019) in the R project 

software (R Core Team, 2021). 

2.4. β-Diversity 

We calculated the regional β-diversity following Oliveira et al.(2017), using a hexagonal 

grid merged with the records detailed in the section 2.3. The grid was transformed in a 

presence-absence matrix to calculate a dissimilarity matrix with the Jaccard Index using 

the “betapart” package (Baselga et al., 2021). The reduction of dimensions was analyzed 

through Non-metric multidimensional scaling (NMDS) with nine hundred iterations, this 

is used to find the highest coefficient of determination and the minimum number of axes 

which represent better the dissimilarity matrix. We use "steapacross" function on the 

matrix of dissimilarities. This function is useful to estimate dissimilarities between sites 

which does not share species in common, to subsequently  perform a better ordination 

analysis, to avoid the “horseshoe” effect in the transformation (Williamson, 1978).  

NMDS scores obtained from the chosen axes were georeferenced with the centroid of 

the respective cell and then featured in a shapefile, Moran’s I index was calculated to 

test spatial autocorrelation on these values. Then, NMDS scores were interpolated using 

the same methodology detailed section 2.3. We conducted a cross-validation test to 

evaluate the interpolation performance. The results of the interpolation were classified 

using the K-means technique and visualized in a Red-Green map. The best natural 

clusters were selected based in average silhouette technique, using the “clusterCrit” 

package (Desgraupes, 2018). We used the “vegan” package (Oksanen et al., 2020), in 

the R project software (R Core Team, 2021) for those analyses. 

2.5. Areas of endemism 

We calculated the regional β-diversity following Oliveira et al.(2017), using a hexagonal 

grid merged with the records detailed in the section 2.3. The grid was transformed in a 
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presence-absence matrix to calculate a dissimilarity matrix with the Jaccard Index using 

the “betapart” package (Baselga et al., 2021). The reduction of dimensions was analyzed 

through Non-metric multidimensional scaling (NMDS) with nine hundred iterations, this 

is used to find the highest coefficient of determination and the minimum number of axes 

which represent better the dissimilarity matrix. We use "steapacross" function on the 

matrix of dissimilarities. This function is useful to estimate dissimilarities between sites 

which does not share species in common, to subsequently  perform a better ordination 

analysis, to avoid the “horseshoe” effect in the transformation (Williamson, 1978).  

NMDS scores obtained from the chosen axes were georeferenced with the centroid of 

the respective cell and then featured in a shapefile, Moran’s I index was calculated to 

test spatial autocorrelation on these values. Then, NMDS scores were interpolated using 

the same methodology detailed section 2.3. We conducted a cross-validation test to 

evaluate the interpolation performance. The results of the interpolation were classified 

using the K-means technique and visualized in a Red-Green map. The best natural 

clusters were selected based in average silhouette technique, using the “clusterCrit” 

package (Desgraupes, 2018). We used the “vegan” package (Oksanen et al., 2020), in 

the R project software (R Core Team, 2021) for those analyses. 

2.6. Diversity Predictors 

To evaluate the effect of Andes Mountain range, we extracted altitudinal values obtained 

from: https://srtm.csi.cgiar.org/ and longitudinal values extracted from each centroid in 

the grid, that contains the logarithm of species richness and the NMDS scores. 

2.7. Statistical Analysis  

We used Spearman’s rank correlation to evaluate the relationship between the result 

from Kernel interpolation (density records) and those obtained from the diversity analysis 

in the previous sections (except β-Diversity). To determinate the correlation of density 

records and diversity results, we first re-scaled the values from 0 to 1. 

To determine “the important areas of biodiversity”, we subtract each raster which resulted 

from the interpolation of the logarithm of species richness and the areas of endemism, 

with the raster of density of records, respectively; then the results were classified 



 

7 
 

according to the following categories: >0.4 = High, 0.4-1 = Medium and <0 = Low. We 

conducted these analysis in the R project software (R Core Team, 2021). 

The relationships between altitude, longitude, α and β diversities were assessed using 

Generalized Additive Models (GAMs) using the “mgcv” package (Wood, 2011). GAM 

was chosen because it is a non-parametric regression, which allows data to determine 

the shape of the response curve and  is not limited by the shapes of parametric 

regression(Crawley, 2002). Model selection was based on the lowest Akaike’s 

information criterion (AIC) value, Adj-R2, the highest percentage of deviance explained 

(D2) and the concurvity, being this last one estimated to determine relationships between 

independent variables and avoid the probability of Type l error with a threshold of ± 0.8. 

For the analyzes we used the R project software (R Core Team, 2021). 

3. RESULTS  

3.1. Species records 

A total of 82,469 records of insects were found in the databases that fulfill the parameters 

of filtering, belonging to 8,014 species, 3,107 genus and 357 families (Table S1).  The 

orders with highest number of records were Lepidoptera (34%), Coleoptera (19%), and 

Hymenoptera (19%) (Figure 2a). The databases with the highest number of records were 

the citizen science project - iNaturalist (35%), followed by Ecuadorian national databases 

- Bioweb (31%) and BNDB (18%), and by GBIF (15%) (Figure 2b).  

From the total number of records, the Amazon region represented 35% of the records of  

the insect’s species in Ecuador, followed by western montane region (13%) and eastern 

foothill region (9%). The regions with lowest records were the Dry Shrub with 3% and 

Paramos with 1% (Figure 2c; Figure S2.1). 18% of the records of insects identified to 

species level in Ecuador were found within the polygons of the SNAPs (Figure 2d), of 

with 12% corresponded to the Yasuní National Park, 1.8% to Limoncocha Biological 

Reserve and the rest were distributed to other protected areas with least of 1% (Table 

S2.1). 

3.2. Density of records 

We found a high density (0.7-1) of records in the transition between the northern Andes 

and Chocó region, especially in the foothills of the north-west of Andes mountain range, 

near the Esmeraldas River, along the transition between montane forest of the Andes, 

especially near to the upper Napo, and Amazon lowlands,  , in the intersection between 



 

8 
 

Napo and Aguarico rivers,  being located the last one in the surroundings of the 

Limoncocha Biological station and at the north-western part of the Yasuní National Park 

(Figure 3c). 

The lowest (0-0.4) density of records were found, in the south-eastern part of the 

Ecuadorian Amazon basin, as well towards the central Andes region, and in the middle 

of the coastal region, indicating information gaps for insects (Figure 3c).  

3.3. α-Diversity 

In the coastal region of Ecuador, the highest values (0.7-1) of species richness were 

found in the Choco Tropical forest, the montane and the foothill forests of the north-

western Andes, along the Esmeraldas river basin. The Amazon region, in the Napo rivers 

basin, have highest values (0.7-1) along the transition of three biogeographical regions: 

Amazon lowlands, foothill and montane forest of the north-eastern Andes, and areas 

located between Napo and Aguarico rivers. We also found highest values (0.7-1) in the 

south-eastern Ecuador, specifically in the Cóndor mountain ranges and the highlands of 

Andes mountain range, which comprise three different regions: part of the Andean shrub, 

the eastern montane and the foothill forests. The lowest values (0-0.4) were presented 

in the south-western part continental Ecuador, mostly associated to dry shrub and 

deciduous forest regions (Figure 3a).  

We detected areas of importance, defined by highest values of α-diversity compares to 

the record densities, located along the Amazon region, especially in the middle and the 

south of this region, in areas in central Andes and the coastal region, especially in the 

middle of these regions. Areas of medium and low importance concerns of knowledge 

were found mainly from north-western (towards the upper part of the Esmeraldas basin), 

north-eastern (towards the upper part of the Napo basin) and south-eastern (in the 

deciduous forest and dry shrub regions) of Andean slopes (Figure 3d).  

A total of 319 of 8595 (3.71%) cells fulfill the parameters of filtering and were transformed 

to points feature shapefile to be used for spatial interpolation. The result of the Moran’s 

I index was 0.09 (p. value < 0.05), meaning spatial autocorrelation, because the index 

value is close to 0, the positive spatial autocorrelation exists but is weak. The cross-

validation results of the E.B. Kriging interpolation indicated a good performance of the 

technique and that the model capture the variability of the data, the results are detailed 
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in Figure S2.2a and Table S2.2. The Spearman’s rank correlation between the sampling 

effort and the logarithm of the species richness was rs =0.451 ( p. value <0.05).  

3.4. β-Diversity  

The community composition obtained through the interpolation of NMDS first axis, 

showed changes from the lowlands to the highlands (Figure 4a) with principal breaks 

between the limits of western and eastern Andean basins, in the Andean shrub and 

páramo natural regions A shift of communities is observed in Chongo-Colonche and 

Mache-Chindul mountains. There were no community changes in the Amazon region. 

Rivers does not represent barriers for community composition in any region (Figure 4a).  

The interpolation of the NMDS second axis showed a longitudinal pattern in the shift of 

the communities, showing a pattern in the limits between western and eastern part of the 

basins from the Andes (Figure 4b). 

The red-green composition map showed a pattern of difference in species composition 

between western and eastern basins, where Andes seems to be the principal barrier that 

breaks the community composition of insects (Figure 4c). The classification of NMDS 

scores through K-means technique, generated three main domains classifications, with 

the best average silhouette (Figure S2.4). The first domain divides Ecuador in two 

regions, the first one in the surrounding Andes region, over the eastern and western 

montane forest, the union with the deciduous forest and the dry shrub below, towards 

the Guayas basin, and a second region located towards the union of Amazon a Chocó 

tropical forest (Figure 4d). The second domain classification divided Ecuador in three 

biogeographic regions: Coast, Andean and Amazon (Figure 4e).  Finally, the third 

domain classification matched roughly with the biogeographic provinces proposed by 

Morrone (2014) (Figure 4f, 4g and Table S2.3). 

NMDS analysis performed a high correlation between the observed distance and the 

distance of ordination (Non-metric fit R2 = 0.91 and Linear fit R2 = 0.589) (Figure S2.3), 

representing the regional variation of the communities, the detailed results of NMDS 

analysis are showed in Table S2.2.  The result of the Moran’s I index for NMDS axis-1 

was 0.186 (p. value < 0.05) and for NMDS axis-2 was 0.061 (p. value < 0.05), therefore, 

spatial autocorrelation exists, showing a weak positive spatial autocorrelation. The cross-

validation results of the E.B. Kriging interpolation of the NMDS axis 1 and NMDS axis-2 

indicated a good performance of the interpolation, showing that the model captures the 



 

10 
 

variability of both axes. The results of cross-validation for both axes of NMDS analysis 

are detailed in table S2.2  

3.5. Areas of endemism 

We identified 7 areas of endemism of insects in Ecuador (Figure 2b). The consensus 

GIE showed a correlation with the areas of endemism obtained from six categories of 

distribution (rs > 0.720, p. < 0.05) and a weaker correlation with the density of records 

(rs = 0.555, p. < 0.05).  All areas were geographically separated, except the transition 

between the upper parts of the Napo and Esmeraldas basins (Figure 3b). Rivers and 

highlands of Andes represent barriers that isolate endemic areas in Ecuador, mostly 

towards the páaramo and Andean shrubs biogeographic regions.  

The areas of endemism were: 1) Upper of Santiago basin, in the transition between 

páramo, western and eastern montane forest (congruence in the distribution of 344 sp.), 

2) In páramo region in the limit of Chimbo and Pastaza rivers basins (congruence in the 

distribution of 733 sp.), 3) The upper of Napo and Esmeraldas basins, delimitated by 

Napo and Esmeraldas rivers, included the Paramo and Andean shrub regions 

(congruence in the distribution of 1411 sp.) (Figure 2b).The Guayas basin presented two 

areas of endemism: 1) between Daule river and Chongo-Colonche Mountain range, in 

Choco tropical rainforest (distribution of 393 sp.), 2) Deciduous forest in the Guayas 

basin (distribution of 263 sp.). Three distinguished endemic areas were located in the 

Amazon region: 1) The conflux between Coca and Napo rivers (distribution of 1219 sp.), 

2) Along the Napo river approximately 50 km downstream (distribution of 930 sp.). 3) 

The conflux of Palora and Pastaza rivers (distribution of 1552 sp.).  (Figure 2b). The 

areas of importance, defined in this section by high Kernel values of endemism but low 

record densities, were principally located along the highland of Andes mountain range, 

and near Daule, Guayas and Napo rivers. 

3.6. Spatial predictors of diversity 

According to Generalized Additive Models, the altitude and longitude were the best 

supported variables (lowest AIC), with a concurvity under the established threshold 

(concurvity = 0.749) and explain a high proportion of species richness) variation (Adj-

R2= 0.242, D2 = 26.40%; Table 1). The altitude showed a hump-shaped pattern along 

the gradient, with a peak between 500 – 1000 m, followed by a linear decrease of the 

values (Figure 5a). The longitudinal variation of species richness showed an toward the 

Andes mountain range, with a peak of Log Species Richness located in the beginning of 
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western montane and foothill forest, in an east-west direction but did not show a notable 

decrease toward the eastern region. The lowest values (approximately 1.2-1.3) were 

found near the Ecuadorian coastal region (Figure 5b).  

NMDS axis-1 was better explained by longitude and altitude with the lowest AIC, with 

concurvity under the established threshold (concurvity = 0.749) and a high proportion of 

variation explained (Adj-R2= 0.732, D2 = 74.00%; Table 1). The altitude explained the 

shift in the communities, that begins from 500 m in the Andes slopes, maintaining a linear 

relation of species composition change with (Figure 5c). Longitude showed a linear shift 

in the composition of communities until the end of the Andes (east-west direction), but 

did not present significant changes (Figure 5d). 

NMDS axis-2 was better explained  by longitude, altitude was not significant in any model 

(Concurvity = 0.815). The best model explained the highest proportion of variation (Adj-

R2= 0.090, D2 = 10.49%; Table 1) when the concurvity was minimized. The longitudinal 

shift in the communities seems to be influenced by the Andes mountain range, and the 

change began passing the boundaries between western and eastern basins, a different 

pattern was explained in the Amazon region in contrast with the NMDS axis-1, showing 

longitudinal change in species composition across Amazonian region (Figure 5e). 

4. DISCUSSION 

4.1. Species records 

The areas with high density of records clustered in our study is consistent with the 

findings of previous studies, concentrating in the northern part of the country, with the 

Amazon region having the largest number of records, and gaps of information in the 

SNAPs across Ecuador (Donoso et al., 2009; Salazar et al., 2015). The bias may be 

explained by accessibility towards the main cities (e.g. Quito, Guayaquil), roads towards 

the north of Amazon region by the ways opened by oil companies, the presence of 

biological stations, the proximity to major museums of the country and highly accessible 

areas near highways and towns (Donoso et al., 2009; Moerman & Estabrook, 2006; 

Monsarrat et al., 2019; Oliveira et al., 2016; Salazar et al., 2015). This bias is more 

pronounced in tropical regions with high diversity, such as Ecuador(Collen et al., 2008; 

Kier et al., 2005). Regarding the distribution of the records in  different databases, 

Bioweb contains the  information from the Museum of Zoology QCAZ at the Pontifical 

Catholic University of Ecuador, considered the major collection of native taxa of the 

country (including insects) (Donoso et al., 2009). iNaturalist records were well 
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represented, this could be explained by the local support given to this platform, as well 

as the different events and programs of citizen science that increase the number of 

records, also there is evidence that users are usually specialized on record insects on 

the platform, but potentially could be skewing the information to urban areas (Di Cecco 

et al., 2021; Nugent, 2019). 

Bias was not only spatial, we found that the information was skewed towards few 

taxonomic groups, at the order level. For example, Lepidoptera, Coleoptera and 

Hymenoptera, were the most represented groups in Ecuador, and matches with previous 

entomological studies in the country (Dangles et al., 2009; Donoso et al., 2009). The 

high percentage of Lepidoptera records in Ecuador may be explained by research efforts 

lead by the Florida Museum of Natural History and J.  Hall from the National Museum of 

Natural History (online access: http://www.butterfliesofecuador.com), and the interest of 

the public to record this taxa in iNaturalist (Drapeau Picard et al., 2021; Mesaglio & 

Callaghan, 2021). In the case of Coleoptera and Hymenoptera, the information was 

biased to both groups since the creation of the Invertebrate Section of the Museum of 

Zoology QCAZ of the Pontificia Universidad Católica in 1981 (Barragán et al., 2009; 

Dangles et al., 2009).  

In this study, areas of importance represent high values of species richness and 

endemism, but low density of records. Those results are both biases, which suggest 

spatial and taxonomical autocorrelation, these results encouraging scientist to make 

public data about insects distribution and change how data are spatial collected in the 

country. For example: priority areas for collect new information and records might be 

pristine areas located in Protected Areas, and regions with very characteristic 

environments would provide valuable  data to scientific collections and promote actions 

of conservation from a biogeographical and macroecological perspective (Beck et al., 

2012; Dangles et al., 2009; Diniz-Filho et al., 2010; Hortal et al., 2015; Meier & Dikow, 

2004; Oliveira et al., 2016; Salazar et al., 2015). 

4.2. α-Diversity 

Areas of high species richness obtained was congruent with previous studies of 

emblematic groups such as birds, plants, mammals and amphibians, especially in the 

eastern Andes, Amazon and Choco tropical forest regions (e.g.: Antonelli et al., 2018; 

http://www.butterfliesofecuador.com/
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Bass et al., 2010; Maestri & Patterson, 2016; Mateo et al., 2013; Schulman et al., 2007; 

Vargas et al., 2004).  

Regional spatial patterns of α-Diversity could be explained by the uplift of the Andes that 

generated a relationship between topographic heterogeneity, habitat diversity and 

species richness (Distler et al., 2009; Esquerré et al., 2019; Kreft & Jetz, 2007; Svenning 

et al., 2010). This pattern was observed by GAMs, which showed an altitudinal and 

longitudinal pattern of alpha diversity influenced by Andes region. In this altitudinal 

gradient high topographic heterogeneity exist and promotes habitat diversity and rapidly 

change of abiotic conditions in relative short distances, consequently generating insects 

speciation (Bell & Donoghue, 2005; Distler et al., 2009; Hughes & Eastwood, 2006; Pirie 

et al., 2006; von Hagen & Kadereit, 2003) and acted as “species pump” on other biomes 

due to environmental changes (Esquerré et al., 2019). In addition, the interaction of high 

productivity with temperature generates high-energy environments, especially in the 

transition between montane forest and lowlands, included Amazon a Chocó regions 

(Letnic & Ripple, 2017; Raich et al., 1991), where the highest species richness is 

predicted.  High-energy environments benefits ectotherms such as insects because 

temperature intervening in development, reproduction a, physiological activation and 

regulating foraging time in high productivity environments (Azcárate & Peco, 2007; 

Colinet et al., 2015; Khaliq et al., 2014), decreasing the rate of extinction too (Kaspari et 

al., 2004; Seoane et al., 2017; Storch et al., 2018; Wu, Colwell, et al., 2013).  

When we focused only in the altitudinal gradient, we find that the change in alpha 

diversity is not a simple linear relation, contrary GAMs results showed “hump-shape” 

pattern,  with the peak at a range from 500 to 1000 meters, this pattern had been widely 

documented in different taxa and insects (e.g.: Alvarado et al., 2020; Andrade & 

Monjeau, 2014; Bharti et al., 2013; Celi et al., 2004; Fontana et al., 2020; Pérez-Toledo 

et al., 2021; Wu, Yang, et al., 2013). A possible  explication for this spatial pattern in 

mountain ranges had been proposed, this correspond to the “lowland biotic attrition” 

(Colwell et al., 2008; Huang et al., 2010).  This suggest that historical interglacial climatic 

changes could promote the displacement of species from lowlands to middle-high 

elevations, where favorable environmental conditions could appear. Loss diversity in 

lowlands communities is produced by thermal intolerance, especially affecting 

ectotherms in tropical areas where the ranges of thermal tolerance are narrow (Anderson 

et al., 2012; Bush et al., 2007; Corlett, 2011; Janzen, 1967; McCain, 2009). Increasing 
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the importance of Andes mountain range as species reservoir to face historical climate 

changes.  

4.3. β -Diversity 

Based on the results of the composition of E.B. Kriging interpolation of the NMDS axes, 

the Andes mountain range seems to be the principal biogeographical barrier that shifts 

species composition. At the altitudinal dimension, the results of GAMs and E.B. Kriging 

interpolation of NMDS axis 1, showed a vertical change in the communities from 

lowlands to highlands, this shift begins above the 500 m in both sides of the Andes. By 

the other hand, the almost null change in lowlands communities could be explained by 

low environmental heterogeneity and the absence of mountain ranges which generates 

that break the species composition by different habitats, as it happens in the Andes 

region (Chazot et al., 2016; Dambros et al., 2020; Engemann et al., 2015; Jorgensen & 

Leon-Yanez, 1999).  

Over this threshold, the increase in the differentiation of communities it tends to be linear 

and positive correlated with altitude, similar pattern found in other tropical regions in birds 

(Longino & Colwell, 2011), mammals (Maestri & Patterson, 2016; Melo et al., 2009), 

plants (Engemann et al., 2015), ants (Pérez-Toledo et al., 2021), moths (Brehm et al., 

2003) and dung beetles (Nunes et al., 2016).. The evidence suggest that tropical species 

have the narrower altitudinal distributions,  denoting in more rapid shits in the 

communities in different taxa ( e.g.: Brehm et al., 2003; Fontana et al., 2020; Herzog et 

al., 2005; Melo et al., 2009). In the case of insects, this effect increases due mountains 

are stronger physiological barriers too, especially in tropical regions where rapid 

altitudinal chance in temperature occurs and the shorter range of thermal tolerance of 

ectothermic species is present (Colinet et al., 2015; Janzen, 1967). These factors explain 

the great influence of  the Andes in the spatial pattern of beta diversity of insects. 

On the other hand, a regional longitudinal distance pattern is explained by the results of 

GAMs and E.B. Kriging interpolation of the NMDS axis 2. This pattern of longitudinal 

distance seems to be affected by the presence of Andes mountain range, especially in 

the limit between west and east Andes basins. Longitudinal patterns in the shift of 

species composition, has been less documented, but our results are similar to the 

findings of other studies, that found a continuous replacement in a west-east sense 

(Brown Jr & Freitas, 2000; Galindo-Leal et al., 2003; Hanisch et al., 2015). We suggest 

that this could be explained by the low dispersal ability and the habitat affinity of most of 

the insects groups, the effect of dispersal limitation in the change of species composition 
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among sites is expected to increase with spatial scale (Cottenie, 2005; Heino & Heino, 

2011), but more information is necessary to understand this pattern.  

In Addition, the percentage of similitude of the third k-means classification of the NMDS 

scores suggest a match of endemic areas by species composition with the biogeographic 

provinces for the Neotropics proposed by Morrone (2014). These biogeographical 

regions acts like limits in species composition, similar patterns had been found to other 

groups (e.g.: birds, ants, palms, bats) in the neotropics (Dambros et al., 2020). But in the 

case of Ecuador the biogeographic provinces for the Neotropics proposed by Morrone 

(2014), are strongly bounded by Andes mountain range, suggesting again the 

importance of this mountain range in species composition.  

4.4. Areas of endemism  

The areas of endemism in this study were found in Andes region. This mountain range 

is characterized by specialization of  species associated with specific environments 

across altitudinal gradients (Jankowski et al., 2009; Pyrcz & Wojtusiak, 2002). This is 

more noticeable in upper parts of the Andes, where areas of endemism are present, 

more specify in the limits between the west-east basins. The areas match with páramos 

and Andean shrub biogeographical regions denominated “sky islands” due the evidence 

of high number of endemic species registered in these areas that evolve through spatio-

temporal isolation in these biogeographical regions characterized by different 

topography,  climate and vegetation (Flantua et al., 2019, 2020; Quintana et al., 2017; 

Simpson, 1974). The historical events that conduced to delimitate areas of endemism in 

highlands were warm climate conditions changed that fragmented and isolated regions 

that were connected during glacial periods, these events drove the formation of endemic 

communities composed by “recent” immigrants in interglacial periods (Hazzi et al., 2018; 

Morrone, 2018). Endemic species that evolved in highlands present special behaviors 

and adaptations which contributed to the limited dispersal inside the areas of endemism 

(Cook, 2002; Moret, 2009; Sites et al., 2003; Smithers & Atkins, 2001). Therefore, in 

future climate change  scenarios, those species may be susceptible to have limitations 

on restricted areas with suitable environmental conditions (Jankowski et al., 2009).   

In this study we suggest that rivers did not represent a barrier in areas of endemism, 

despite some areas of endemism were delimitated near principal rivers in the country.  

The “river-barrier hypothesis” had been debated, showing that main rivers proposed as 

barriers did not affect the distribution of many taxa, including insects (Santorelli et al., 

2018). Because principal rivers present in Ecuador are generally straits or the 
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hydrological conditions change across time, it which does not represent a barrier, 

compared with larger rivers, i.e. the Amazon river (Dambros et al., 2020; Hoorn et al., 

2017; Rossetti et al., 2014; Ruokolainen et al., 2019). Therefore, rivers are determine as 

barrier of areas of endemism due the bias in the records by the accessibility that bring 

some rivers (Salazar et al., 2015), that was discussed above. Napo and Esmeraldas 

basins are interesting areas of endemism because the interaction of Andes slopes and 

the páramo region. However, is necessary to take into account the higher density of 

records in those areas.  

5. CONCLUSIONS  

Andes mountain range seems to be the main biogeographical barrier that generates the 

actual patterns of regional diversity of insects in Ecuador. Topographic and 

environmental heterogeneity by habitats could explain those patterns which coincides 

with the patterns found in the principal surrogate groups by speciation (Distler et al., 

2009; Esquerré et al., 2019; Kreft & Jetz, 2007; Svenning et al., 2010). Our findings, 

suggest importance of the mountain ranges in the maintenance of diversity and the 

processes that originated it, in spite of Andes is not the only explanation by which species 

diversify (Perrigo et al., 2020) this study helps to understand the actual regional spatial 

patterns especially in a group with low regional knowledge, as insects. This is the first 

work that maps the regional patterns of the insects diversity in continental Ecuador. New 

information generated herein could support conservation actions for this group, from 

biogeographical and macroecological perspective.  
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ANEXOS 

 

 

 

 

Figure 1: Study area. Records of insect species (pink dots) in buffer area.  Names of principal mountain systems are 
represented in pink and principal rivers in white. Elevation data is presented as background information. Realizado 

por: Montaño, 2022. 
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Figure 2: a) Proportion (%) of distribution of records by Orders. b) Proportion (%) of records by databases. c) 
Proportion (%) of records by Natural Regions. d) Proportion (%) of records inside SNAPs in continental Ecuador. 
Realizado por: Montaño, 2022. 
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Figure 3: a) Spatial interpolation of species richness (log). b) Areas of endemism delimited by isolines. c) Sampling 
effort. d) Result of the subtraction between maps a and c; e) Result of the subtraction between maps b and c. Realizado 
por: Montaño, 2022. 
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Figure 4: a) Spatial interpolation of the 1° axis of the NMDS. b) Result of spatial interpolation of the 2° axis of the NMDS. 
c) Red-Green composition. c-f) K-means clusters. g) Biogeographical provinces proposed by Morrone (2014). Realizado 
por: Montaño, 2022. 
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Figura 5: GAM’s plots. a) Richness and altitude; b) Richness and longitude; c) 1° 
NMDS and Altitude; d) 1° NMDS axis and longitude e) 2° NMDS and longitude. 

Realizado por: Montaño, 2022. 
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Tablas 

Table 1: Results of Generalized Additive Models (GAMs) of Species richness (Log scaled) and the two first axes of Non-
metric Dimensional Scaling (NMDS) evaluating the effect of altitude and longitude. P. value significance codes = 0 ‘***’ 
0.001 ‘**’ 0.01 ‘*’ 0. 

Realizado por: Montaño, 2022. 

 

 

 

 

 

Response 
Variables 

Predictors AIC Adj-

𝑹𝟐 

D2 Concurvit
y (worst) 

s(Altitude) s(Longitude) 

P value 

Log 
(Species 
richness) 

*** - 404 0.184 20.10% - 

Log 
(Species 
richness) 

- *** 449 0.104 11.30% - 

Log 
(Species 
richness) 

*** *** 386 0.242 26.40% 0.749 

NMDS axis-
1 

*** - 370 0.643 65.20% - 

NMDS axis-
1 

- *** 581 0.371 38.40% - 

NMDS axis-
1 

*** *** 287 0.732 74.00% 0.749 

NMDS axis-
2 

. - 573 0.020 2.75% - 

NMDS axis-
2 

- *** 623 0.090 10.40% - 

NMDS axis-
2 

 *** 559 0.081 9.83% 0.815 
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MATERIA SUPLEMENTARIO  

 

 

Figure S2.1: Biogeographical Regions. Realizado por: Montaño, 2022. 

 

 

Table S2-1: Proportion (%) of distribution of records of species insects in SNAPs areas. 

SNAPs Percentage (%) 

Outside SNAPs 81.76584947 

PARQUE NACIONAL YASUNI   12.03448885 

RESERVA BIOLOGICA LIMONCOCHA   1.801449239 

PARQUE NACIONAL CAYAMBE COCA   0.954376752 

PARQUE NACIONAL PODOCARPUS   0.53147171 

RESERVA DE PRODUCCION DE FAUNA 

CUYABENO   

0.436791476 

AREA PROTEGIDA PRIVADA BELLAVISTA   0.337061631 
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PARQUE NACIONAL ANTISANA   0.258792638 

RESERVA DE PRODUCCION DE FAUNA 

CHIMBORAZO   

0.258792638 

REFUGIO DE VIDA SILVESTRE PASOCHOA   0.256267831 

PARQUE NACIONAL SANGAY   0.223445351 

RESERVA ECOLOGICA MACHE CHINDUL   0.18683566 

PARQUE NACIONAL COTOPAXI   0.142651551 

PARQUE NACIONAL MACHALILLA   0.128765117 

PARQUE NACIONAL LLANGANATES   0.127502714 

PARQUE NACIONAL SUMACO NAPO-

GALERAS   

0.108566668 

PARQUE NACIONAL COTACACHI CAYAPAS   0.055545737 

PARQUE NACIONAL CAJAS   0.049233721 

RESERVA BIOLOGICA EL CONDOR   0.046708915 

RESERVA ECOLOGICA LOS ILINIZAS   0.041659303 

RESERVA GEOBOTANICA PULULAHUA   0.039134496 

AREA NACIONAL DE RECREACION ISLA 

SANTAY   

0.026510465 

AREA NACIONAL DE RECREACION LOS 

SAMANES   

0.022723256 

REFUGIO DE VIDA SILVESTRE EL ZARZA   0.022723256 

RESERVA BIOLOGICA COLONSO 

CHALUPAS   

0.017673644 

RESERVA ECOLOGICA EL ANGEL   0.017673644 

RESERVA ECOLOGICA ARENILLAS   0.015148837 

AREA ECOLOGICA DE CONSERVACION 

MUNICIPAL SIETE IGLESIAS   

0.013886434 

AREA PROTEGIDA AUTONOMA 

DESCENTRALIZADA CORDILLERA 

ORIENTAL DEL CARCHI   

0.010099225 

RESERVA BIOLOGICA EL QUIMI   0.008836822 

PARQUE NACIONAL YACURI   0.007574419 

REFUGIO DE VIDA SILVESTRE PACOCHE   0.007574419 

RESERVA ECOLOGICA MANGLARES 

CAYAPAS MATAJE   

0.007574419 
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RESERVA ECOLOGICA MANGLARES 

CHURUTE   

0.007574419 

RESERVA ECOLOGICA COFAN BERMEJO   0.006312016 

AREA ECOLOGICA DE CONSERVACION 

MUNICIPAL LA BONITA   

0.003787209 

AREA NACIONAL DE RECREACION 

PARQUE LAGO   

0.003787209 

RESERVA BIOLOGICA CERRO PLATEADO   0.003787209 

AREA ECOLOGICA DE CONSERVACION 

MUNICIPAL TAITA IMBABURA   

0.002524806 

REFUGIO DE VIDA SILVESTRE MANGLARES 

ESTUARIO DEL RIO MUISNE   

0.002524806 

RESERVA DE PRODUCCION DE FAUNA 

MANGLARES EL SALADO   

0.002524806 

AREA NACIONAL DE RECREACION EL 

BOLICHE   

0.001262403 

AREA NACIONAL DE RECREACION 

QUIMSACOCHA   

0.001262403 

AREA PROTEGIDA COMUNITARIA MARCOS 

PEREZ DE CASTILLA   

0.001262403 

Realizado por: Montaño, 2022. 
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Figure S2-2: Cross-Validation with the “leave one out” technique. a) Cross-Validation of Species richness (in the 

log-scale) - α-Diversity. b) Cross-Validation of the axis 1 of the Non-metric Dimensional Scaling (NMDS AXIS-1) - 

β -Diversity. c) Cross- Validation of the axis 1 of the Non-metric Dimensional Scaling (NMDS AXIS-2) - β -

Diversity. Realizado por: Montaño, 2022. 
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Table S2-2: Statistical results of α-Diversity and β-Diversity. “- “means that this field do not apply to the variable. 

Variable Non-

metric fit 

𝑹𝟐 

Linear 

fit 𝑹𝟐  

Correlation 

between 

axes 

Moran’s I  P. value 

of 

Moran´s I 

Slope of 

cross-

validation 

linear 

relationship 

Cross-validation prediction errors 

The Root 

Mean Square 

Standardized 

Error 

(R.M.S.S.E.) 

Average 

Standard 

Error 

(A.S.E) 

Root Mean 

Square 

Error 

(R.M.S.E.) 

Log Species 

richness 

- - - 0.09 < 0.05  0.251 0.996 0.437 0.434 

NMDS- axis 1 0.79 0.42 - 0.186 < 0.05  0.772 1.06 0.401 0.445 

NMDS- axis 2 0.12 0.17 - 0.061 < 0.05  0.38 1.09 0.544 0.59 

Both NMDS 

Axes 

0.91 0.59 r ≈ 0 - - - - - - 

Realizado por: Montaño, 2022. 
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Figure S2-3: Stress plot of the Non-metric dimensional scaling of the matrix of multiple comparation with 

Jaccard index. Realizado por: Montaño, 2022. 
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Table S2-3: Comparation of the Biogeographic provinces from Ecuador and the third k-means classification obtained in 

this investigation. See Figure 4f and 4g.  

Biogeographic 

provinces 

Similitude percentage of third k-means classification of the 

NMDS scores (%)  

Western 

Ecuador  

69.41 

Napo  87.87 

Cauca  81.64 

Paramo  35.76 

Realizado por: Montaño, 2022. 

 

Figure S2-4: Best groups obtained through the Average silhouette index by K-means 

classification. Realizado por: Montaño, 2022. 
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