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			ABSTRACT

			Introduction: Frugivorous butterflies are highly sensitive to changes in habitat quality, making them important indicators of environmental disturbance. Despite their diversity, little is known about how they respond to riparian forest degradation in urban areas of Amazonia. 

			Objectives: To assess patterns of species richness, diversity, and abundance of frugivorous butterflies, in relation to vegetation structural variables related to forest degradation. 

			Methods: The samplings of the community of frugivorous butterflies and the structure of riparian vegetation were carried out in 20 riparian areas, selected based on a continuous degradation gradient measured by canopy openness. Sampling was carried out using a 150 m transect with six baited traps installed on each riverbank. Vegetation structure was assessed using one 60 × 10 m plot and two 4 × 4 m subplots on each side of the river. Species richness, abundance, and butterfly diversity were quantified, and their relationships with vegetation variables were analyzed. 

			Results: A total of 2 379 individuals were recorded, belonging to 54 species and morphospecies. Total abundance per site ranged from 24 to 387 individuals, while species richness (q0) varied from 9 to 28 species. Common (q1) and dominant (q2) species richness ranged from 5.7 to 18.5 and from 2.8 to 14.8, respectively. Species richness increased with canopy openness, while the effective numbers of common (q1) and dominant (q2) species were positively associated with both canopy openness and variation in tree and palm diameter (cvD). Butterfly abundance also increased with canopy openness but decreased with increasing structural heterogeneity. 

			Conclusions: Riparian forests in anthropogenic landscapes remain important for frugivorous butterfly conservation when vegetation structure is preserved. Increasing degradation favors generalist species, whereas rare and specialized species are associated with more conserved sites. Canopy openness was the main predictor of butterfly diversity and composition, highlighting the importance of conserving and restoring riparian forests in the Eastern Amazon and reinforcing the value of butterflies as bioindicators.

			Key words: Maranhão state; frugivorous butterflies; vegetation structure; degradation; urbanization; community assemblage.

			RESUMEN

			Efectos de la degradación del bosque ribereño sobre las comunidades de mariposas frugívoras (Lepidoptera: Nymphalidae) en la Amazonia oriental brasileña

			Introducción: Las mariposas frugívoras son sensibles a las variaciones en el hábitat, por lo que constituyen indicadores relevantes de la perturbación ambiental. A pesar de su diversidad, se sabe poco sobre cómo responden a la degradación de los bosques ribereños en áreas urbanas de la Amazonía. 

			Objetivos: Evaluar los patrones de riqueza, diversidad y abundancia de especies de mariposas frugívoras en relación con variables estructurales de la vegetación vinculadas a la degradación forestal. 

			Métodos: Se realizaron muestreos de la comunidad de mariposas frugívoras y de la estructura de la vegetación en 20 zonas ribereñas, seleccionadas en función de un gradiente de degradación continuo, medido por la apertura del dosel. Se realizaron transectos de 150 m con seis trampas cebadas instaladas en cada margen del río. La estructura de la vegetación se evaluó utilizando parcelas de 60 × 10 m y dos subparcelas de 4 × 4 m por margen. Se cuantificaron la riqueza de especies, la abundancia y la diversidad de mariposas y se analizaron sus relaciones con las variables de la vegetación. 

			Resultados: Se registraron 2 379 individuos pertenecientes a 54 especies y morfoespecies. La abundancia total por sitio osciló entre 24 y 387 individuos, mientras que la riqueza de especies (q0) varió entre 9 y 28. La riqueza de especies comunes (q1) y dominantes (q2) osciló entre 5.7 y 18.5 y entre 2.8 y 14.8, respectivamente. La q0 aumentó con la apertura del dosel, mientras que el número efectivo de especies comunes y dominantes se asoció positivamente tanto con la apertura del dosel como con la variación en el diámetro de árboles y palmeras (cvD). La abundancia de mariposas también aumentó con la apertura del dosel, pero disminuyó con el aumento de la heterogeneidad estructural. 

			Conclusiones: Los bosques ribereños en paisajes antropogénicos son importantes para la conservación de las mariposas frugívoras cuando se preserva la estructura de la vegetación. La degradación favorece a especies generalistas, mientras que las raras y especializadas se asocian con sitios más conservados. La apertura del dosel fue el principal predictor de la diversidad y composición de mariposas, lo que subraya la importancia de conservar y restaurar los bosques ribereños en la Amazonía oriental y refuerza el valor de las mariposas como bioindicadores.

			Palabras clave: estado de Maranhão; mariposas frugívoras; estructura de la vegetación; degradación; urbanización; ensamblaje de comunidades.
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			INTRODUCTION

			Fruit-feeding butterflies are among the best-studied insects from both taxonomic and ecological perspectives and represent a large proportion of the Nymphalidae fauna in the Neotropics (Freitas et al., 2014). Because of their close association with forest structure, microclimate, and resource availability, these butterflies have been widely used as indicators of habitat quality and environmental disturbance in tropical forests (Barlow et al., 2007). Their responses to disturbance are shaped by species-specific ecological requirements and niche breadth, resulting in contrasting patterns along gradients of forest degradation (Schmitt et al., 2021). Even so, the autoecology from 40 % of the species reported in this study is not available in the literature, in particular on their potential use as bioindicator (only 24 % with information) (Supplementary Material 1).

			Forest degradation in tropical regions alters vegetation composition and structure, which can be quantified using parameters such as canopy openness, basal area, and above-ground biomass—commonly used indicators of forest integrity (Rosenfield et al., 2022). Changes in these structural attributes strongly influence microclimatic conditions and resource distribution, thereby affecting the richness, abundance, and diversity of fruit-feeding butterflies (Araújo et al., 2020). In particular, intermediate levels of disturbance that increase light availability through canopy openings may promote higher insect richness and abundance (Basset et al., 2001; Brown, 1997), including butterflies (Weerakoon et al., 2015). Nonetheless, only 13 of the 45 species reported in this study are documented for their light preferences (SMT1).

			Light availability is a key driver of butterfly diversity in tropical forests, as it enhances environmental heterogeneity and increases the availability of niches, host plants, and food resources (Basset et al., 2001). Such conditions tend to favor habitat generalist and disturbance-tolerant species, while more specialized and sensitive species may decline or disappear (Barlow et al., 2007; Uehara-Prado et al., 2007).

			Riparian forests play essential hydrological and ecological roles by protecting watercourses and maintaining biodiversity, functioning as linear buffers and corridors for fauna (Cabette et al., 2017; Montejo-Kovacevich et al., 2022). In Amazonian landscapes, riparian reserves have been shown to retain a large proportion of butterfly diversity found in undisturbed forests, mitigating community changes in altered areas. However, urbanization represents a major source of riparian degradation, causing vegetation suppression, pollution, and changes in animals community structure (McKinney, 2008), including strong negative effects on butterfly abundance and richness but, not necessarily diversity. Nonetheless, no specific reports of urbanization effects on butterflies in Eastern Amazonia are available (Pignataro et al., 2025). 

			In Maranhão State, Eastern Brazilian Amazonia, rapid deforestation and urban expansion have made riparian forests a conservation priority. Although previous studies on São Luís Island have reported relatively high abundances of fruit-feeding butterflies (Garcia & Bergmann 1994; Martins, Araújo, Pereira, Colins, et al., 2017; Martins, Araújo, Pereira, Duarte, & Azevedo, 2017), these investigations were spatially limited and did not explicitly relate community patterns to vegetation structure change or urbanization intensity. Given the accelerated urbanization in the region and, the knowledge gaps on the conservation of the fruit-feeding butterfly communities, it is urgent to analyze how they respond to riparian forest degradation in urban areas. This study assesses patterns of species richness, diversity and abundance, in relation to vegetation structural variables related to forest degradation.

			MATERIALS AND METHODS

			The study was carried out on the São Luís Island (in the municipalities of São Luis, São Jose de Ribamar, and Paço do Lumiar), in Maranhão State, in the Atlantic portion of the Amazon Biome (Fig. 1). The Island is framed by the geographic coordinates 2°24’10”-2°46’37” S & 44°22’39”-44°22’39” W, with a total area of approximately 831.7 km². The climate is tropical, semi-humid, with two well-defined seasons: rainy from january to june and dry from july to december. The average annual rainfall and temperature are 2 380 mm and 25° C, respectively (Reschke et al., 2011).

			Experimental design: The samplings of the community of frugivorous butterflies and the structure of riparian vegetation were carried out in 20 riparian areas (Fig. 1). These areas were selected based on a continuous degradation gradient measured by canopy openness, where greater canopy openness indicates a more degraded area (Celentano et al., 2017), with a minimum distance of 1 000 meters between each area. The areas were characterized according to the type of vegetation (predominance of herbaceous vegetation, shrubs, trees, or palms.), and anthropic impacts on vegetation (SMT2).

			Urban cover of each sampling site was obtained from the MapBiomas collection (MapBiomas, 2022) and used as a proxy for urbanization. Buffers with radii ranging from 100-1 000 m were generated around each area to quantify the percentage of urban area. The buffers were subsequently fitted into the Non-metric Multidimensional Scaling (NMDS) ordination of butterfly species (Bray-Curtis-transformed) using the envfit function (Oksanen et al., 2022) to quantify the strength of the relationship between the buffers and the butterfly community. The 200 m buffer showed the strongest relationship therefore, the percentage of urbanization within a 200 m radius was used to characterize the surroundings of the sampling areas. Spatial analyses were performed using Quantum GIS (QGIS) v. 3.16.8 (QGIS Development Team, 2021) (SMT2).

			Frugivorous butterflies sampling: Frugivorous butterflies were collected using Van Someren-Rydon cylindrical traps (Rydon, 1964). In each riparian area, 12 traps were installed with banana bait fermented in sugarcane juice for 48 hours, suspended one meter from the ground, six on each bank of the stream, arranged in a transect of 150 m at intervals of 30 m (Protocol adapted from PPBio – Eastern Amazon) (Museu Paraense Emílio Goeldi, 2010). The sampling was carried out during five consecutive days (with visits every 24 hours in which the bait was replaced) at the end of the rainy season, between may and july 2019 and 2021, period considered to have the highest diversity of frugivorous butterflies (Araújo et al., 2020). Total sampling effort of 1 200 trap days (20 riparian areas * 12 traps * 5 days). Butterflies were identified by consulting catalogs (Garwood et al., 2009; Pereira dos Santos et al., 2014). The taxonomic classification of Lamas (2004) was used. The butterflies were deposited in the Entomological Collection “Iraci Paiva Coelho” (CIPC) of the State University of Maranhão. The complete species abundance data is presented in SMT2.

			Vegetation structure sampling: The percentage of canopy openness was measured above each butterfly trap using a convex spherical densiometer. To evaluate the vegetation structure, two 60 × 10 m plots were installed in each riparian area, along the butterfly sampling transect, where diameter at breast height (DBH) and height of all trees (DBH ≥ 10 cm), and mature palms (height > 2 m) were taken. Within the plots, two 4 × 4 m sub-plots were allocated, where the heights and diameters of shrubs (DBH < 10 cm, and height ≥ 1 m), and juvenile palm trees (height ≤ 2 m) were measured (Cardozo et al., 2022).

			Frugivorous butterflies: The butterfly diversity was quantified using Hill numbers (q = 0, q = 1, and q = 2) (Chao et al., 2014), representing total species richness (q0), the exponential of Shannon entropy or common species richness (q1), and the inverse Simpson index or dominant species richness (q2), respectively (Jost, 2006). The estimations of diversity were obtained using the hillR package (Li, 2018). 

			Vegetation structure: The parameters were: average diameter (Tree + Palm, cm), average height (Tree + Palm, m), the coefficient of variation of diameter (cvD) and coefficient of variation of height (cvH) (Tree + Palm), density (Tree + Palm), basal area (Tree + Palm, m2 ha-1), and the aboveground biomass (AGB) of trees, palms, and shrubs. The basal area was estimated (sum of the cross-section of the trunk in m2 ha-1) for each plot. Biomass was estimated using allometric models for trees (Chave et al., 2014), shrubs (Nelson et al., 1999), and palm (Gehring et al., 2011), using wood density (g cm-3) of known species according to a global database (Zanne et al., 2009). If species were not present in this list, the regional average wood density value (0.583 g cm3) was used (Cardozo et al., 2022). Total AGB was summed per plot and extrapolated to Mg ha-1.

			Relationships between urbanization, vegetation structure and butterfly communities: Collinearity between vegetation variables was assessed with the corvif function (Zuur et al., 2009), and variables were excluded based on ecological importance if the generalized variance inflation factor was > 10 (Borcard et al., 2011). Multiple regression analyses were conducted to assess how much variability in the abundance and Hill numbers of the butterfly community was explained by vegetation structure or urbanization. For q1 and q2 (continuous response variables) Gaussian linear models (LMs) were adopted after confirming normality and homoscedasticity of residuals. For q0 and total abundance (count-based responses), generalized linear models (GLMs) with discrete distributions were used. Overdispersion was evaluated following Zuur et al., (2009), and when dispersion values exceeded 18, a negative binomial distribution was preferred over quasi-Poisson. Thus, q0 and total abundance were modeled using Poisson or negative binomial GLMs. After selecting the correct variance structure, the model selection followed an information-theoretic approach based on the Corrected Akaike Information Criterion (AICc) (Akaike, 1974; Burnham & Anderson, 2002). All possible subsets of the global model were evaluated using the dredge function from the MuMIn package (Barton, 2024). To avoid over-parameterization, models were restricted to three predictors. Models with ΔAICc < 2 were considered equally plausible. Model fit for lineal models was assessed using deviance method and the McFadden’s pseudo-R² method for negative binomial. When multiple models are competing, model averaging was performed to estimate parameters and assess variable importance. All analyses were conducted in R (R Core Team, 2022).

			RESULTS

			Frugivorous butterfly community: A total of 2 379 frugivorous butterflies (Nymphalidae) were recorded, distributed in 54 species/morphospecies, represented by the subfamilies Satyrinae (25), Charaxinae (14), Biblidinae (13) and Nymphalinae (2) (SMT3). Total site abundance ranged from 24-387 individuals (119.15 ± 95.29 (Table 1), total species richness (q0) varied between 9 and 28 species (mean ± SD: 21.05 ± 5.79), the common species richness (q1) ranged from 5.7 to 18.5 (10.9 ± 3.4) and the dominant species richness (q2) ranged from 2.8 to 14.8 (7.7 ± 2.9). The highest abundances of frugivorous butterflies were recorded at Fazenda Escola site (387 individuals) with 53.5 % canopy openness, whereas the lowest abundance was observed at Aguahi II site (24 individuals) with 17.5 % canopy openness. The greatest q0 was found at Cabral site (28 species) with 44.5 % canopy openness, while the lowest q0 was recorded again at Aguahi II (9 species). In contrast, the highest butterfly q1 e q2 were observed in one of the more closed-canopy sites, Bacanga II (q1 = 18.5, q2 = 14.8, 21.1 % canopy openness) and the lowest q1 e q2 also occurred with closed canopy at Urucutiua (q1 = 5.7, q2 = 2.8, 21.8 % canopy openness).

			The most abundant subfamily was Satyrinae represented by 1 394 individuals (58 %), followed by Charaxinae with 402 (17 %), Biblidinae with 339 (14 %), and Nymphalinae with 250 (11 %). The most abundant species were Taygetis laches (Fabricius, 1793) with 486 individuals (30.3 %), Colobura dirce (Linnaeus, 1764) with 235 (14.7 %) e Cissia penelope (Fabricius, 1775) with 194 (12.1 %), which together accounted for more than half of the records (57.1 %). In contrast, species such as Caligo teucer (Linnaeus, 1758), Memphis philumena (Doubleday, 1849), and Mesoprepona pheridamas (Cramer, 1777) were rare, with only two to three recorded individuals. Some species exclusive to a single area were: Temenis laothoe (Cramer, 1777), Calicore pygas (Godart, 1823), Posttaygetis penelea (Cramer, 1777) and Morpho menelaus (Linnaeus, 1758). Rare and exclusive were restricted to the more closed-canopy sites (SMT3).

			Riparian vegetation structure: Canopy openness in the riparian areas ranged from 11.9 to 64.7 % (mean ± SD: 28.17 % ± 13.91) (Table 1). The average diameter of trees and palms varied from 15.66 to 32.58 cm (21.20 ± 3.81), with a coefficient of variation of diameter (cvD) of 58.09 ± 13.89 (Table 1). The average height of trees and palms ranged from 7.34 to 15.0 m (10.62 ± 2.12), and the coefficient of variation of height (cvH) was 33.23 ± 8.75. Basal area varied between 6.75 and 57.61 m² ha-¹ (37.12 ± 16.30), while stem density ranged from 150 to 650 individuals ha-¹ (328.33 ± 149.13). Total aboveground biomass, including trees, palms, and shrubs, ranged from 42.65 to 463.83 Mg ha-¹ (246.97 ± 109.50). Considering only the tree stratum (DBH > 10 cm), biomass ranged from 15.84 to 311.83 Mg ha-¹ (110.54 ± 87.74). Percentage of urbanization within a 200 m radius ranged from 0 to 67 % (19 ± 23; SMT2).

			Relationships between urbanization, vegetation structure and butterfly communities: The urbanization variable (% urbanization in the 200 m buffer) was not retained in the final models that predict the butterfly community, which suggests that, in urban landscape, the vegetation integrity is the main determinant of butterfly communities’ structure.

			Canopy openness was the only significant predictor of q0 (species richness, R² = 4.1, df = 16, p = 0.014), indicating that sites with more open canopy supported a greater number of species (Fig. 2). The canopy openness (Fig. 3A) and Tree + Palm cvD (Fig. 3B) were the vegetation variables that best explained q1 (effective number of common species, R² = 19.8, df = 15, p = 0.077 and 0.036), which suggest that both forest structure degradation and heterogeneity favor more generalist species. Additionally, cvD was the only predictor of q2 (effective number of dominant species, R² = 15.1, df = 16, p = 0.056), which reinforces the hypothesis that more structural heterogeneity favors generalist and dominant species (Fig. 4).

			For butterfly abundance, the best predictors were canopy openness, with a positive effect (Fig. 5A) and, cvD with a negative effect (Fig. 5B) (R² = 7.4, df = 15, p = 0.003 and 0.039). The abundance rises with canopy openness, thus following the Hill numbers response but, heterogeneity brings some limitation to these common species.

			DISCUSSION

			This study provides the first assessment of fruit-feeding butterfly communities in riparian forests of the Amazon region in Maranhão State and demonstrates how disturbances in the vegetation structure shape these assemblages. In highly modified tropical landscapes, riparian forests play a key role in maintaining butterfly diversity, reinforcing the ecological relevance of legally protected riparian areas for biodiversity conservation and the maintenance of hydrological ecosystem services (Lees & Peres, 2008; Montejo-Kovacevich et al., 2022).

			Butterfly Hill numbers were strongly associated with canopy openness, and diameter variability. More open canopies supported higher butterfly richness (q0), diversity of common species (q1) and abundance, as reported for forests in regeneration in Sri Lanka (Weerakoon et al., 2015). Canopy openness emerged as a key predictor of butterfly community structure, consistent with studies identifying light availability as a major driver of butterfly diversity and ecosystem functioning (Barlow et al., 2007; Han et al., 2022; Hill et al., 2001).

			On the other way, diameter variation had a contrasting effect on dominant species richness (more variation = higher q2) and abundance (more variation = less abundance). Increased light input and structural heterogeneity can enhance habitat suitability by affecting microclimate, resource availability, and reproductive conditions for butterflies (Delabye et al., 2020; Uehara-Prado et al., 2007). This pattern aligns with the intermediate disturbance hypothesis, whereby moderate disturbance promotes insect diversity through increased environmental heterogeneity (Basset et al., 2001; Sheil & Burslem, 2013). Nonetheless, a decrease of abundance with habitat heterogeneity may reflect a strong competition among generalist and common light-adapted species that require abundant energy resources in the adult stage, such as fermented fruits and other carbohydrate-rich resources (Uehara-Prado et al., 2007; Weerakoon et al., 2015).

			Structural variability in vegetation has been repeatedly identified as a strong predictor of butterfly richness and functional diversity across tropical regions (Aguirre-Gutierrez et al., 2017; Bobo et al., 2006). Together, these results reinforce the potential of butterflies as bioindicators of habitat heterogeneity and anthropogenic disturbance in riparian forests (Araújo et al., 2020).

			Vegetation structural attributes such as canopy cover, biomass, density, and basal area are widely used as proxies of forest integrity (Celentano et al., 2017; Rosenfield et al., 2022). This study confirmed the validity of canopy openness as butterfly communities respond sensitively to gradients of riparian forest degradation. Habitat heterogeneity measured by diameter variation emerged as potential indicators of habitat changes with impacts on biodiversity.

			Patterns observed in open-canopy riparian areas were marked by increased abundance of habitat generalists and disturbance-tolerant species, alongside the decline of specialists. The dominance of Satyrinae species, such as T. laches, Hermeuptychia hermes, and Opsiphanes invirae, reflects their affinity for open and disturbed habitats and their ecological flexibility. In particular, O. invirae is closely associated with palms that are common in urban environments, while the other species also exploit widely distributed monocotyledonous host plants (Araújo et al., 2020; Barlow et al., 2007; Oliveira et al., 2018). Similarly, the high abundance of Hamadryas feronia in open-canopy riparian areas indicates tolerance to severe anthropogenic impacts, including pollution and habitat simplification (Martins, Araújo, Pereira, Duarte, & Azevedo, 2017).

			In contrast, more closed-canopy riparian forests supported species with greater biological specialization, such as Catonephele acontius, C. dirce, Hpyna clytemnestra, Callicore astarte, and Morpho helenor (Carvalho et al., 2021). Overall, our findings highlight that riparian forests, even when embedded in anthropogenic landscapes, retain ecological value for butterfly conservation when their vegetation structure is conserved However, increasing degradation promotes open and structurally modified habitats dominated by generalist and opportunistic species better adapted to disturbed conditions, while more specialized and rare species persist only in the most conserved areas with closed canopy.

			Then, canopy openness is the vegetation parameter that best explains the variations in frugivorous butterflies community structure (Hill numbers) and composition. As an easily measurable indicator of forest integrity, it provides a valuable tool for assessing anthropogenic impacts. Together, these results reinforce that the degradation of vegetation structure is a key driver of frugivorous butterfly assemblages in the Eastern Amazon. This emphasizes the importance of conserving and restoring riparian forests to maintain taxonomic and functional biodiversity in human-modified landscapes. Moreover, this study brings precious information on butterfly species auto-ecology that will strengthen their conservation and use as bioindicators.
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			Fig. 1. Location of the riparian areas where the study was carried out on São Luís Island, Maranhão, Brazil.

		

		
			Table 1

			Total abundance, total species richness, common species richness and dominant species richness of the fruit-feeding butterfly community, as well as vegetation parameters (canopy openness, diameter variation) in the riparian areas of São Luís Island, Maranhão.

			
				
					
					
					
					
					
					
					
					
					
					
				
				
					
							
							Site

						
							
							Municipality

						
							
							Longitude

						
							
							Latitude

						
							
							Abundance

						
							
							q0

						
							
							q1

						
							
							q2

						
							
							Canopy openness (%)

						
							
							cvD (%)

						
					

					
							
							Aguahi I

						
							
							São José do Ribamar

						
							
							44°09’00” W

						
							
							2°39’00” S

						
							
							48

						
							
							21

						
							
							15.22

						
							
							11.08

						
							
							11.92 ± 0.67

						
							
							77.75 ± 20.83

						
					

					
							
							Itapiracó I

						
							
							São Luis

						
							
							44°12’00” W

						
							
							2°31’48” S

						
							
							66

						
							
							16

						
							
							6.27

						
							
							3.74

						
							
							16.68 ± 0.61

						
							
							55.64 ± 9.51

						
					

					
							
							Aguahi II

						
							
							São José do Ribamar

						
							
							44°08’24” W

						
							
							2°38’24” S

						
							
							24

						
							
							9

						
							
							6.63

						
							
							4.97

						
							
							17.55 ± 1.72

						
							
							48.33 ± 12.64

						
					

					
							
							Cajupe

						
							
							São Luis

						
							
							44°13’12” W

						
							
							2°36’36” S

						
							
							266

						
							
							27

						
							
							13.04

						
							
							8.86

						
							
							19.11 ± 1.35

						
							
							56.05 ± 13.53

						
					

					
							
							Calhau II

						
							
							São Luis

						
							
							44°15’36” W

						
							
							2°30’00” S

						
							
							65

						
							
							12

						
							
							8.19

						
							
							6.41

						
							
							19.11 ± 0.37

						
							
							68.51 ± 0.75

						
					

					
							
							Maracanã II

						
							
							São Luis

						
							
							44°16’12” W

						
							
							2°36’36” S

						
							
							54

						
							
							16

						
							
							11.44

						
							
							8.89

						
							
							19.74 ± 2.60

						
							
							54.68 ± 11.74

						
					

					
							
							Bacanga I

						
							
							São Luis

						
							
							44°16’48” W

						
							
							2°34’48” S

						
							
							73

						
							
							23

						
							
							11.39

						
							
							6.75

						
							
							20.45 ± 2.39

						
							
							70.65 ± 10.85

						
					

					
							
							Calhau I

						
							
							São Luis

						
							
							44°15’36” W

						
							
							2°30’00” S

						
							
							80

						
							
							10

						
							
							6.48

						
							
							5.28

						
							
							20.45 ± 3.55

						
							
							56.07 ± 8.9

						
					

					
							
							Bacanga II

						
							
							São Luis

						
							
							44°16’12” W

						
							
							2°35’24” S

						
							
							73

						
							
							25

						
							
							18.48

						
							
							14.76

						
							
							21.13 ± 0.03

						
							
							72.74 ± 9.71

						
					

					
							
							Itapiracó II

						
							
							São Luis

						
							
							44°12’00” W

						
							
							2°31’12” S

						
							
							129

						
							
							18

						
							
							10.43

						
							
							7.74

						
							
							21.45 ± 2.08

						
							
							61.36 ± 10.82

						
					

					
							
							Urucutiua

						
							
							São José do Ribamar

						
							
							44°11’24” W

						
							
							2°28’12” S

						
							
							116

						
							
							18

						
							
							5.66

						
							
							2.83

						
							
							21.82 ± 3.52

						
							
							37.92 ± 5.45

						
					

					
							
							Maracanã I

						
							
							São Luis

						
							
							44°16’48” W

						
							
							2°36’36” S

						
							
							43

						
							
							15

						
							
							10.77

						
							
							8.52

						
							
							22.12 ± 3.52

						
							
							66.71 ± 7.66

						
					

					
							
							Jaguarema II

						
							
							São José do Ribamar

						
							
							44°13’12” W

						
							
							2°28’48” S

						
							
							130

						
							
							22

						
							
							11.39

						
							
							6.97

						
							
							24.68 ± 7.02

						
							
							53.87 ± 6.4

						
					

					
							
							Santa Bárbara

						
							
							São Luis

						
							
							44°12’36” W

						
							
							2°36’36” S

						
							
							66

						
							
							13

						
							
							8.55

						
							
							6.07

						
							
							30.03 ± 2.94

						
							
							60.69 ± 7.4

						
					

					
							
							Anil

						
							
							São Luis

						
							
							44°13’48” W

						
							
							2°33’00” S

						
							
							71

						
							
							17

						
							
							11.09

						
							
							8.14

						
							
							33.64 ± 0.59

						
							
							89.39 ± 0.23

						
					

					
							
							Jaguarema I

						
							
							São José do Ribamar

						
							
							44°12’36” W

						
							
							2°28’48” S

						
							
							195

						
							
							21

						
							
							7.96

						
							
							4.74

						
							
							35.40 ± 0.55

						
							
							45.8 ± 1.59

						
					

					
							
							Cabral

						
							
							São José do Ribamar

						
							
							44°12’00” W

						
							
							2°28’48” S

						
							
							192

						
							
							28

						
							
							15.57

						
							
							11.28

						
							
							44.53 ± 6.53

						
							
							57.35 ± 8.94

						
					

					
							
							Lago Azul

						
							
							São Luis

						
							
							44°13’48” W

						
							
							2°36’36” S

						
							
							264

						
							
							27

						
							
							13.34

						
							
							8.42

						
							
							45.46 ± 9.13

						
							
							53.13 ± 15.08

						
					

					
							
							Fazenda Escola

						
							
							São Luis

						
							
							44°24’00” W

						
							
							2°35’24” S

						
							
							387

						
							
							26

						
							
							12.19

						
							
							8.08

						
							
							53.53 ± 12.55

						
							
							28.65 ± 4.09

						
					

					
							
							Beira Rio

						
							
							Paço do Lumiar

						
							
							44°10’12” W

						
							
							2°29’24” S

						
							
							41

						
							
							17

						
							
							13.66

						
							
							11.13

						
							
							64.70 ± 29.11

						
							
							46.42 ± 9.31

						
					

				
			

			Note: q0 = species richness; q1 = exponential of Shannon diversity; q2 = inverse Simpson diversity; cvD = coefficient of variation of tree diameter. Canopy openness and cvD values are presented as mean ± standard deviation.
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			Fig. 3. Relationship between canopy openness and effective number of common species (q1), based on the A. best-supported Gaussian model including canopy cover and B. diameter variation Points represent observed sampling sites, the solid line indicates predicted values across the canopy gradient while holding cvD at its mean, and the shaded area represents the 95 % confidence interval.
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			Fig. 2. Relationship between canopy openness and total species richness (q0) estimated by the best-supported negative binomial model. Points represent observed sampling sites, the solid line indicates predicted richness, and the shaded area represents the 95 % confidence interval.
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			Fig. 4. Relationship between diameter variation (cvD) and effective number of dominant species (q2), based on the best-supported linear model. Points represent observed sampling sites, the solid line indicates predicted values, and the shaded area represents the 95 % confidence interval.
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			Fig. 5. Partial effects of the best-supported negative binomial generalized linear model explaining total abundance across sampled plots. A. Relationship between total abundance and canopy openness, with diameter variation (cvD) held constant at its mean value. B. Relationship between total abundance and cvD, with canopy openness held constant at its mean value. Points represent observed values, solid lines indicate fitted predictions, and shaded bands represent 95 % confidence intervals.
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ABSTRACT
Introduction: Frugivorous butterflies are highly sensitive to changes in habitat quality, making them important
indicators of environmental disturbance. Despite their diversity,lttle is known about how they respond to ripar-
ian forest degradation in urban areas of Amazonia.

Objectives: To assess patterns of species richness, diversity, and abundance of frugivorous butterflies, in relation
to vegetation structural variables related to forest degradation.

Methods: The samplings of the community of frugivorous butterflies and the structure of riparian vegetation
were carried out in 20 riparian areas, selected based on a continuous degradation gradient measured by canopy
openness. Sampling was carried out using a 150 m transect with six baited traps installed on each riverbank.
Vegetation structure was assessed using one 60 x 10 m plot and two 4 x 4 m subplots on each side of the river.
Species richness, abundance, and butterfly diversity were quantified, and their relationships with vegetation
variables were analyzed.

Results: A total of 2 379 individuals were recorded, belonging to 54 species and morphospecies. Total abundance
per site ranged from 24 to 387 individuals, while species richness (q0) varied from 9 to 28 species. Common (q1)
and dominant (q2) species richness ranged from 5.7 to 18.5 and from 2.8 to 14.8, respectively. Species richness
increased with canopy openness, while the effective numbers of common (q1) and dominant (q2) species were
positively associated with both canopy openness and variation in tree and palm diameter (cvD). Butterfly abun-
dance also increased with canopy openness but decreased with increasing structural heterogeneity.
Conclusions: Riparian forests in anthropogenic landscapes remain important for frugivorous butterfly conserva-
tion when vegetation structure is preserved. Increasing degradation favors generalist species, whereas rare and





