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Abstract

:

Tropical forests such as the Atlantic Forest are under constant threats from the impact of human activities, mostly being caused by the loss of native forest areas for other land uses. This study aimed to evaluate the effect of changes in land use for pasture and cacao cultivation on the richness and composition of Odonata assemblages in comparison to native forest areas. We also evaluated the species as possible indicators of these different land uses. In total, 64 streams were sampled in southern Bahia, Brazil. A total of 84 species were recorded. The results indicated that changes in land use modify the richness and composition of Odonata assemblages. Regarding composition, our results indicated a difference among the assemblages in the three land use areas and that the native areas maintain more stable assemblages. According to the indicator species analysis, 13 species were recorded as possible bioindicators for different land uses. Changes in aquatic ecosystems and their surroundings caused by different land uses a select group of different species groups, modifying Odonata diversity among these areas. Notably, land uses that maintain a certain integrity of the environment, as in the case of cacao cultivation, are the best alternatives for conserving Odonata biodiversity in comparison with pasture.
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1. Introduction


Land-use changes for agriculture and livestock grazing along with urbanization have intensified over the years, modifying the dynamics of ecosystems and causing the loss of biodiversity [1,2,3,4]. In Brazil, the Atlantic Forest, considered a biodiversity hotspot, has been the most widely affected by changes in land uses, including extensive and disorderly timber extraction [1,4,5,6]. Therefore, it is critical to understand how the type of land use affects ecosystems and their biodiversity [4,7], especially in aquatic ecosystems [8,9,10].



Among the different types of land uses in Atlantic Forest areas, farming and livestock grazing stand out the most due to the amount (number and size) of modified areas [4]. However, in some regions, other types of land uses are also important. This is the case of areas used for cacao cultivation in the southern region of Bahia, in which cacao is cultivated in the understory of the forest and part of the native vegetation is maintained. This cultivation system is regionally called Cabruca [11,12,13] and is viewed as a sustainable model of production within the remnant Atlantic Forest areas. However, all of these different land uses in Atlantic Forest fragments make them priority areas for conservation actions due to the high loss and fragility of their remaining ecosystems and local biodiversity [2,14], mainly within aquatic ecosystems [10,15,16].



The changes caused by different land uses in the aquatic ecosystems are numerous and affect the chemical conditions as well as the physical and biological structure. These degrade the water quality of water bodies, favor siltation, alter the hydrological regime, and increase the incidence of light [8,17,18]. These factors lead to alterations in the environmental conditions and reduce the variability of habitats by homogenization, which reduces the availability of food resources and oviposition sites and increases intra-and interspecific competition [18,19,20,21]. Moreover, these effects compromise the ability of these environments to maintain their natural communities, thus causing the local extinction of more sensitive species [7,10,16,22,23,24,25,26,27]



Since species of the Odonata order depend on aquatic ecosystems, they are widely used in studies evaluating the effects of land-use changes on aquatic ecosystems and their surroundings. The species are also used as surrogates of various groups of aquatic insects [28], especially when assessing the impacts caused by different land uses (agriculture, pasture, and urban development) [21,28,29,30,31,32,33]. However, there are still few studies that have evaluated these effects within the Atlantic Forest and with different types of land use changes (especially in cacao cultivation areas).



Among dragonflies, both the larvae and adults exhibit morphological, ecophysiological, and behavioral characteristics that are closely related to habitat, such as diet and reproduction, oviposition, flight behavior, dispersal ability, and thermoregulation capacity [34,35,36]. These characteristics divide species into groups that can reflect the quality and integrity of the ecosystems in which they are found [21,29,35], and also help classify species as forest specialists, open area specialists or habitat generalists [33]. For this reason, they can be used as bioindicators of changes in land use [21,28].



The Odonata species considered forest specialists are extremely dependent on the integrity of aquatic ecosystems and surrounding areas. Therefore, they are sensitive to environmental changes and highly susceptible to local extinction when habitats are modified. Species considered open area specialists belong to a group that is adapted to non-forested environments with high levels of solar incidence. They are generally found in natural open areas and in aquatic environments with intermediate levels of alterations of the surroundings. Lastly, species considered habitat generalists are more tolerant of modifications in natural environments and different levels of human impact. For this reason, they are found in areas with various levels of anthropization, including areas where other species cannot develop [21,33].



This study was designed to evaluate the effects of different land uses (pasture, cacao cultivation, and native forest) on the richness and composition of Odonata species within Atlantic Forest areas. In addition, we aimed to identify the possible existence of species that can be regarded as bioindicators of these land uses. We predicted that the pasture areas would have greater species richness than the cabruca and native vegetation areas. Modifications in natural ecosystems allowed habitat generalists and open area specialists to colonize these areas and increase local richness [21,33,37,38,39]. Regarding composition, the prediction was that different land uses would select different species groups. The composition of native forest and cabruca areas is similar since it consists of species classified as forest specialists, while pastures tend to be inhabited by species considered to be habitat generalists or open area specialists [33,38]. Considering bioindicator species, we expected the different land uses to be associated with selected group of species that might be considered bioindicators of the native, cacao cultivation, and pasture areas [39].




2. Material and Methods


2.1. Study Area


This study was conducted in the southern region of the state of Bahia, in the municipalities of Ilhéus, Una, Uruçuca, Itacaré, Buerarema, São José da Vitória, Porto Seguro, and Santa Cruz Cabrália (Figure 1), located in the Atlantic Forest domain. Regional climate according to Köppen-Geiger is classified as Tropical Forest Climate Af (tropical super humid) with evenly distributed rainfall throughout the year. A total of 64 streams were sampled twice of which 24 were in native forest areas, 17 were in in pasture areas, and 23 were in areas of cacao cultivation. The streams are considered low-order (first to third), with an average width of 2 m.



Collections in native areas were carried out in the municipalities of Porto Seguro and Santa Cruz Cabrália, specifically inside the Estação Veracel Private Natural Heritage Reserve (RPPN), between September and October 2018 and between February and March 2019. In the municipalities of Una and Uruçuca, collections were carried out in permanent preservation areas (“APPs”) on private properties between October and November 2019 and July and August 2020. In general, the streams within native vegetation areas have margins with riparian forest and canopy cover, without evidence of physical pollution (disposal of waste discharge of effluents) and with greater physical integrity of the channels (stable margins, little or no evident silting). The streams had widths varying between 78 cm the 501 cm (mean 276 cm and sd 135) and depths varying between 8 cm and 35 cm (mean 28 cm and sd 12).



In pasture areas, collections were carried out in the municipalities of Porto Seguro and Santa Cruz, on private properties and settlements in the region surrounding the Veracel RPPN, during September and October 2018 and in February and March 2019. In general, the streams had little or no riparian vegetation, although some had channel dams to form ponds for drinking water for animals and other purposes on the property. At some points, the margins were unstable and the channel bed was silted. A small amount of household waste was also frequently observed, usually plastic containers. The streams had the width varying between 74 cm and 540 cm (mean 265 cm and sd 128) and depth varying between 12 cm and 63 cm (mean 19 cm and sd 15).



In cabruca areas, collections were carried out on properties of organic cacao producers belonging to the Cabruca Cooperative in the municipalities of Ilhéus, Itacaré, Uruçuca, Buerarema, São José da Vitória and Una, between the months of September and November 2019 and July and August 2020. These sampling sites generally had stable margins with little or no evidence of silting. The riparian vegetation had a slightly closed canopy and many of the sampled areas are used for cacao cultivation until the margins of the streams, forming a canopy over the aquatic ecosystems. The streams had width varying between 31 cm and 292 cm (mean 124 cm and sd 0.70) and depth varying between 5 cm and 96 cm (mean 24 cm and sd 24).




2.2. Sampling Method


Adult specimens were sampled within a 100-m section on both margins of the streams. They were collected using an entomological net, with a total sampling effort of 1.30 h for each site. The samples were collected from 9:00 a.m. to 3 p.m., always on sunny days [40]. The collected individuals were sent to the Laboratory of Aquatic Organisms of Santa Cruz State University for identification, which was carried out with the aid of keys [41,42,43,44,45] and other more specific taxonomic keys, along with expert help (see acknowledgments). The collected material is deposited in the collection of aquatic insects of the Santa Cruz State University—UESC.




2.3. Data Analysis


To evaluate the response of Odonata richness in the areas with different land uses, the data were tested with a generalized linear method (GLM) using a log-linear [46]. For this analysis, richness was used as a response variable and land uses as predictor variables (native, cabruca, and pasture). To evaluate the relationship of assemblages with the different land uses, principal coordinate analysis (PcoA) and PERMANOVA [47] were performed. For the PcoA, a distance matrix was generated to determine the difference between the assemblages in each land use area and the generated cluster was tested by means of PERMANOVA, from 999 repetitions.



The indicator species analysis (IndVal) for each land use and among the land uses was calculated according to De Cáceres [48]. With this analysis, it is possible to create combinations and evaluate species associated with each type of land use, resulting in association values for each type of use. IndVal also calculates specificity and fidelity. Specificity identifies the probability that a species belongs to a given land use while fidelity indicates how many times the species was recorded for the total sampled points in a particular land use area [48]. All analyses were conducted with the R software and the packages “vegan” [49], “RT4Bio”, and “Indicspecies” [50].





3. Results


In total, 1558 individuals belonging to 84 species were collected, of which 1217 specimens belong to 34 species were of the suborder Zygoptera and 341 specimens to 50 species were of the suborder Anisoptera. In native forest areas, 514 specimens and 38 species were collected; in the pasture areas, 332 specimens and 43 species were collected; and in the cabruca areas, 712 specimens and 54 species were collected.



Of the 84 species collected, 13 were common to the three types of land uses. A total of 8 species were exclusive in native forest areas, 26 species only occurred in cabruca areas, and 12 were only found in pasture areas. In total, ten species were recorded and found both in the pasture and native forest areas, seven species were found in the native forest and cabruca areas, and eight species were found in both the cabruca and pasture areas (Appendix A).



Species richness among the areas with the different land uses, according to the GLM test, showed a significant difference (AIC = 301.84, df = 61, p = 0.0003), with the model explaining 24% of the data variation, resulting in mean richness of 8.13 for cabruca areas, 4.835 for native areas, and 7.05 for pasture areas (Figure 2)



Regarding composition, the ordination analysis showed that the assemblages found in streams with different land uses were different from each other (PERMANOVA p = 0.001, R = 0.5092). In summary, the species composition differed for each land use (i.e., the assemblages found in the collection sites in each of the land uses were more similar to each other when compared to the different land uses). The assemblages found in native forest areas were most similar to each other, showing a lower variation between the species collected in areas with native vegetation. In the cabruca and pasture areas, the assemblages had the greatest variation in species composition among the sampled sites (Figure 3).



According to the IndVal analysis, some species were identified as possible bioindicators for each of the land uses (Table 1). A total of 20 species were selected. In the cabruca areas, the species were Acanthagrion aepiolum Tennessen, 2004, Argia chapadae Calvert, 1909, Aceratobasis nathaliae Lencioni, 2004, Epipleoneura metallica Rácenis, 1955, Heteragrion consors Hagen in Selys, 1862, Erythrodiplax castanea Burmeister, 1839, and Perithemis thais Kirby, 1889. For the native forest areas, the only species was Heliocharis amazona Selys, 1853. In the pasture areas, the species were Ischnura capreolus Hagen, 1861, Telebasis corallina Selys, 1876, Erythrodiplax paraguayensis Förster, 1905, Erythrodiplax leticia Machado, 1996, Planiplax phoenicura Ris, 1912, Acanthagrion gracile Rambur, 1842, Perithemis lais Perty, 1834 and Erythemis credula Hagen, 1861. Moreover, the following indicator species were obtained for area pairs: cabruca-native forest: Heteragrion aurantiacum Selys, 1862; cabruca-pasture: Erythrodiplax fusca Rambur, 1842; and native forest-pasture: Argia hasemani Calvert, 1909, and Epipleoneura machadoi Rácenis, 1960. High specificity values, greater than 0.8, were obtained for all species except Perithemis lais, with 0.63. These species always occurred in a single type of land use. In contrast, mostly intermediate or low fidelity values were obtained (almost all of them being less than 0.6). These species had an intermediate or low frequency in the total of each land use.




4. Discussion


Our results revealed that changes in natural landscapes for other land uses modify the richness and composition of the Odonata assemblages. The cabruca and pasture areas had a greater number of species than the native forest areas. Moreover, the composition differed among the assemblages in the three land uses, which partly corroborates our predictions. Studies assessing the effect of different land uses on Odonata richness have revealed an increase in richness in altered environments when compared to native forest areas [21,33,37]. Modifications in native forest areas cause disturbances of different magnitudes and favor the entry and colonization of Odonata species in these ecosystems. The transformations alter the physical environmental characteristics of the surroundings and aquatic ecosystems and facilitate the colonization of species which are considered open area specialists and habitat generalists [33]. Thus, the different land uses evaluated here (pasture and cabruca) may be maintaining a high richness of species that tolerate slight disturbances when compared to the native forest areas. Of the three evaluated land uses, the cabruca areas exhibited the greatest richness. The cabruca cultivation system caused less severe changes to the ecosystems than the other land uses (namely pasture, agriculture, and urban development). The cabruca areas maintain some of the characteristics found in preserved environments, such as a greater presence of trees, leading to increased canopy cover and, consequently, to greater physical integrity of the channels (stable margins and little or no silting). These characteristics protect aquatic ecosystems from more extensive alterations, while maintaining the physical integrity and quality of water bodies and their surroundings. Thus, the cabruca areas maintain a part of the forest specialist species such as Forcepcioneura serrabonita, Heteragrion consors, and Perilestes fragilis [51,52,53] Moreover, some open area specialist species benefit from several of these changes, such as partial canopy opening, especially Perithemis thais, Erythrodiplax paraguayensis and Orthemis discolor [33,54], which increases the richness in these areas compared to native areas.



Although the native areas generally exhibit lower richness than other land use areas, they maintain species that are more sensitive to environmental changes, such as forest specialist species [33]. In our study, the species Heteragrion aurantiacum, Heliocharis amazona, Leptagrion macrurum, Kiautagrion acutum, Gomphidae sp1, and Aceratobasis cornicauda were only found in the native areas (or exhibited greater abundance in these areas). This finding stresses the importance of native areas to preserving and maintaining the diversity of species that are more sensitive to anthropogenic changes [21,33]. In particular, these environments can maintain highly specific habitats such as phytotelmata, and the loss of these habitats can lead to the local extinction of associated species, such as K. acutum and L. macrurum recorded in this study. These species are endemic to the Atlantic Forest with few occurrence records [55,56]. Furthermore, K. acutum is included in the Red List of Threatened Species as being critically endangered [57].



In terms of composition, more drastic changes were observed in the pasture areas than in the cabruca and native areas. Loss of integrity of the aquatic ecosystem, mainly caused by the removal of vegetation and use of these areas by animals, more abruptly alters the physical structure and quality of these ecosystems and their surroundings and homogenizes the habitats for both the larvae and adults of Odonata [21,33,38]. In this regard, these areas can benefit some species and impair others. Open area specialist species and habitat generalist species that benefit from pastures have been observed in these areas, as in the case of Ischnura capreolus, Erythrodiplax paraguayensis, Perithemis lais, and Erythrodiplax fusca [32,33,52].



Our results indicated a difference between the assemblages in the three land use areas. The native forest areas showed less variation between the assemblages, while the cabruca and pasture areas differed more from each other. This result reveals that native forest maintains more stable assemblages than other land uses. As they are subject to different levels of anthropic modifications, they also exhibit less similar assemblages. These results have been reported in other studies comparing the composition of Odonata assemblages in native areas with palm trees, pastures, and urban areas [21,33,38].



Composition is a good measure to assess the effect of changes in natural environments on Odonata assemblages. Moreover, it has proved effective in studies such as that of Carvalho [33] for evaluating the effects of extensive palm tree cultivation areas in relation to native and pasture areas in streams of the Cerrado biome [38] and in studies on the impacts of vegetation removal on Odonata assemblages [21,32,37,58]. The different land uses modify the composition of the Odonata assemblages due to changes in the environmental variables of the aquatic ecosystems and their surroundings, which allow species with different ecological and behavioral characteristics to remain and colonize these areas [21,33,35,59].



Previous studies in the Amazon and Atlantic Forest have used a “zygopteran/anisopteran” ratio as an index of anthropogenic effect. Native forests are usually dominated by specialist zygopterans, whereas altered environments with more light contain more anisopterans which lower this ratio [60,61]. Among the species considered as bioindicators, our results revealed the existence of indicator species for each of the three land uses. Among the selected species, almost all had high specificity values (A), thus revealing that species had a high correlation with their respective land uses. However, in relation to fidelity (B), the values were relatively low. The species had low representativeness among the total number of sampled points for each of the land uses. Among the recorded species, Heliocharis amazona was classified as an indicator of forest areas. This species is always associated with more pristine environments [37,42] and it is considered a forest specialist [33].



In the cabruca areas, the species Acanthagrion aepiolum, Aceratobasis nathaliae, Argia chapadae, Epipleoneura metallica, Erythrodiplax castanea, Erythrodiplax fusca, Heteragrion consors, and Perithemis thais were considered possible bioindicators. Notably, some of these species are commonly recorded in more forested areas, as in the case of Heteragrion aurantiacum, Heteragrion consors, while others are common in more open or anthropogenic areas, as in the case of Erythrodiplax fusca and Perithemis thais [21,29,32,33,38]. Furthermore, the cabruca areas help protect more sensitive species, such as those classified as forest specialists, and favors some species considered open area specialists or generalists, thus increasing total richness in these areas.



In the pasture areas, the species Acanthagrion gracile, Erythemis credula, Erythrodiplax leticia, Erythrodiplax paraguayensis, Ischnura capreolus, Perithemis lais, Planiplax phoenicura, and Telebasis corallina were identified as indicators. In general, these species are found in environments with low canopy cover over the channel, consequently resulting in higher solar incidence, as well as in lentic environments or those with slow flow. Therefore, they are considered open area specialists. Moreover, they are commonly recorded in other studies in natural open areas or areas transformed into pastures [21,29,32,33].



Among the three evaluated land uses, cabruca farming stands out as a sustainable production model within the Atlantic Forest domain in southern Bahia. According to Cassano [62], cabruca agroforestry systems effectively contribute to the conservation of fauna and flora. Moreover, this contribution is directly related to factors of composition, structure, and management of cacao plantations. Studies carried out with terrestrial invertebrates, birds, and mammals [12,26,63] have shown that cacao-cabruca areas are important for feeding and reproduction and serve as corridors between forest remnants for these species.



In this regard, it is critical to understand how changes in land use affect ecosystems and their biodiversity. Today, changes in land use are highlighted as one of the main anthropogenic problems worldwide, especially in Brazil [4]. Therefore, further knowledge on these effects can support decision-making and proposals for management methods and sustainable use practices to help protect aquatic ecosystems and associated biodiversity [16]. Moreover, ecosystem balance can be maintained without causing interference in local and regional diversity. Thus, production systems that minimize human impacts, as in the case of cabruca systems, are gaining increasing attention. The importance of compliance with current legislation such as the Forest Code [27] should also be stressed. As shown in the present study, riparian vegetation must be maintained in areas of agriculture and pasturing to protect the physical integrity of aquatic ecosystems, their surroundings, and the biodiversity associated with these environments.
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Appendix A. Species Recorded for Different Land Uses in Cabruca, Native Forest, and Pasture Areas in the Sampled Streams of an Atlantic Forest Region in Southern Bahia, Brazil




	
SUBORDEM

	
Family/Species

	

	
Abundance

	




	
ZYGOPTERA

	
CALOPTERYGIDAE

	
Cabruca

	
Native Forest

	
Pasture

	
Total




	

	
Hetaerina longipes Hagen in Selys, 1853

	
23

	
25

	
17

	
65




	

	
Hetaerina rosea Selys, 1853

	
87

	
113

	
18

	
218




	

	
COENAGRIONIDAE

Acanthagrion aepiolum Tennessen, 2004

	
85

	
1

	
0

	
86




	

	
Acanthagrion cuyabae Calvert, 1909

	
0

	
0

	
2

	
2




	

	
Acanthagrion gracile (Rambur, 1842)

	
1

	
0

	
5

	
6




	

	
Aceratobasis cornicauda (Calvert, 1909)

	
0

	
1

	
0

	
1




	

	
Aceratobasis macilenta (Rambur, 1842)

	
1

	
0

	
0

	
1




	

	
Aceratobasis nathaliae (Lencioni, 2004)

	
5

	
0

	
0

	
5




	

	
Argia chapadae Calvert, 1909

	
154

	
32

	
0

	
186




	

	
Argia hasemani Calvert, 1909

	
0

	
42

	
24

	
66




	

	
Epipleoneura machadoi Rácenis, 1960

	
0

	
10

	
14

	
24




	

	
Epipleoneura metallica Rácenis, 1955

	
7

	
0

	
0

	
7




	

	
Forcepsioneura sancta (Hagen in Selys, 1860)

	
1

	
4

	
3

	
8




	

	
Forcepsioneura serrabonita Pinto & Kompier, 2018

	
12

	
1

	
0

	
13




	

	
Idioneura ancilla Selys, 1860

	
6

	
1

	
4

	
11




	

	
Ischnura capreolus (Hagen, 1861)

	
4

	
1

	
44

	
49




	

	
Kiautagrion acutum Santos, 1961

	
0

	
3

	
0

	
3




	

	
Leptagrion macrurum (Burmeister, 1839)

	
0

	
10

	
0

	
10




	

	
Metaleptobasis selysi Santos, 1956

	
4

	
0

	
0

	
4




	

	
Neoneura ethela Williamson, 1917

	
4

	
2

	
0

	
6




	
Neoneura sylvatica Hagen in Selys, 1886

	
0

	
0

	
5

	
5




	
Nehalennia minuta (Selys in Sagra, 1857)

	
0

	
0

	
4

	
4




	
Telagrion longum Selys, 1876

	
3

	
1

	
1

	
5




	
Telebasis corollina (Selys, 1876)

	
2

	
7

	
43

	
52




	
Telebasis willinki Fraser, 1948

	
1

	
0

	
0

	
1




	
DICTERIADIDAE

Heliocharis amazona Selys, 1853

	
0

	
8

	
0

	
8




	
LESTIDAE

Archilestes exoletus (Hagen in Selys, 1862)

	
4

	
0

	
0

	
4




	
Lestes forficula Rambur, 1842

	
0

	
0

	
8

	
8




	
Lestes tricolor Erichson in Schomburgk, 1848

	
0

	
0

	
1

	
1




	
HETERAGRIONIDAE

Heteragrion aurantiacum Selys, 1862

	
87

	
203

	
20

	
310




	
Heteragrion consors Hagens in Selys, 1862

	
34

	
0

	
0

	
34




	
Heteragrion gracile Machado, 2006

	
0

	
2

	
0

	
2




	
PERILESTIDAE

Perilestes fragilis Hagen in Selys, 1862

	
6

	
4

	
2

	
12




	
ANISOPTERA

	
GOMPHIDAE

	

	

	

	




	

	
Gomphoides praevia St. Quentin, 1967

	
1

	
0

	
0

	
1




	

	
Gomphoides sp1

	
0

	
1

	
0

	
1




	

	
Progomphus sp

	
0

	
1

	
1

	
2




	

	
Progomphus montanus Belle, 1973

	
0

	
0

	
2

	
2




	

	
Phyllogomphoides sp

	
0

	
1

	
1

	
2




	

	
Zonophora calippus Selys, 1869

	
0

	
1

	
2

	
3




	

	
LIBELULIDAE

	

	

	

	




	

	
Anatya guttata (Erichson in Schomburgk, 1848)

	
5

	
0

	
2

	
7




	

	
Anatya januaria Ris, 1911

	
2

	
0

	
0

	
2




	

	
Dasythemis essequiba Ris, 1919

	
1

	
0

	
0

	
1




	

	
Dasythemis venosa (Burmeister, 1839)

	
1

	
0

	
0

	
1




	

	
Diastatops obscura (Fabricius, 1775)

	
3

	
0

	
8

	
11




	

	
Diastatops nigra Montgomery, 1940

	
9

	
3

	
0

	
12




	

	
Elasmothemis alcebiadesi (Santos, 1945)

	
6

	
0

	
0

	
6




	

	
Elasmothemis cannacrioides (Calvert, 1906)

	
0

	
7

	
3

	
10




	

	
Elga leptostyla Ris, 1909

	
1

	
0

	
0

	
1




	

	
Erythemis carmelita Williamson, 1923

	
1

	
0

	
0

	
1




	

	
Erythemis credula (Hagen, 1861)

	
0

	
0

	
4

	
4




	

	
Erythemis vesiculosa (Fabricius, 1775)

	
0

	
1

	
0

	
1




	

	
Erythrodiplax avittata Borror, 1942

	
0

	
1

	
3

	
4




	

	
Erythrodiplax castanea (Burmeister, 1839)

	
14

	
0

	
0

	
14




	

	
Erythrodiplax famula (Erichson in Schomburgk, 1848)

	
1

	
0

	
0

	
1




	

	
Erythrodiplax funerea (Hagen, 1861)

	
0

	
3

	
0

	
3




	

	
Erythrodiplax fusca (Rambur, 1842)

	
62

	
9

	
30

	
101




	

	
Erythrodiplax latimaculata Ris, 1911

	
1

	
0

	
0

	
1




	

	
Erythrodiplax leticia Machado, 1996

	
0

	
0

	
6

	
6




	

	
Erythrodiplax lygaea Ris, 1911

	
1

	
0

	
1

	
2




	

	
Erythrodiplax maculosa (Hagen, 1861)

	
3

	
0

	
0

	
3




	

	
Erythrodiplax media Borror, 1942

	
4

	
0

	
0

	
4




	

	
Erythrodiplax paraguayensis (Förster, 1905)

	
0

	
1

	
17

	
18




	

	
Erythrodiplax umbrata (Linnaeus, 1758)

	
5

	
2

	
3

	
10




	

	
Erythrodiplax sp1

	
1

	
0

	
0

	
1




	

	
Erythrodiplax sp2

	
2

	
0

	
0

	
2




	

	
Erythrodiplax sp3

	
1

	
0

	
0

	
1




	

	
Macrothemis tenuis Hagen, 1868

	
4

	
0

	
0

	
4




	

	
Micrathyria atra (Martin, 1897)

	
0

	
1

	
1

	
2




	

	
Micrathyria artemis Ris, 1911

	
8

	
0

	
2

	
10




	

	
Micrathyria catenata Calvert, 1909

	
1

	
0

	
2

	
3




	

	
Micrathyria mengeri Ris, 1919

	
0

	
0

	
1

	
1




	

	
Micrathyria ungulata Förster, 1907

	
12

	
0

	
2

	
14




	

	
Nephepeltia phryne (Perty, 1833)

	
1

	
0

	
0

	
1




	

	
Oligoclada abbreviata (Rambur, 1842)

	
1

	
0

	
0

	
1




	

	
Oligoclada umbricola Borror, 1931

	
1

	
0

	
2

	
3




	

	
Orthemis attenuata (Erichson in Schomburgk, 1848)

	
3

	
4

	
2

	
9




	

	
Orthemis discolor (Burmeister, 1839)

	
4

	
1

	
0

	
5




	

	
Perithemis lais (Perty, 1833)

	
1

	
3

	
5

	
9




	

	
Perithemis thais Kirby, 1889

	
18

	
1

	
0

	
19




	

	
Planiplax phoenicura Ris, 1912

	
0

	
0

	
9

	
9




	

	
Tauriphila argo (Hagen, 1869)

	
0

	
0

	
1

	
1




	

	
Uracis infumata (Rambur, 1842)

	
2

	
0

	
0

	
2




	

	
Zenithoptera viola Ris, 1910

	
0

	
0

	
5

	
5




	

	
Total Abundance

	
712

	
514

	
332

	
1558




	

	
Zygoptera Abundance

	
531

	
471

	
215

	
1217




	

	
Anisoptera Abundance

	
181

	
43

	
117

	
341









References


	



Mittermeier, R.A.; Turner, W.R.; Larsen, F.W.; Brooks, T.M.; Gascon, C. Global Biodiversity Conservation: The Critical Role of Hotspots. In Biodiversity Hotspots; Zachos, F., Habel, J., Eds.; Springer: Berlin/Heidelberg, Germany, 2011; pp. 3–22. [Google Scholar] [CrossRef]

	



Barlow, J.; França, F.; Gardner, T.A.; Hicks, C.; Lennox, G.D.; Berenguer, E.; Castello, L.; Economo, E.P.; Ferreira, J.; Guénard, B.; et al. The future of hyperdiverse tropical ecosystems. Nature 2018, 559, 517–526. [Google Scholar] [CrossRef] [PubMed]

	



Pereira, P.; Bogunovic, I.; Muñoz-Rojas, M.; Brevik, E.C. Soil ecosystem services, sustainability, valuation and management. Curr. Opin. Environ. Sci. Health 2018, 5, 7–13. [Google Scholar] [CrossRef]

	



de Mello, K.; Taniwaki, R.H.; de Paula, F.R.; Valente, R.A.; Randhir, T.O.; Macedo, D.R.; Leal, C.G.; Rodrigues, C.B.; Hughes, R.M. Multiscale land use impacts on water quality: Assessment, planning, and future perspectives in Brazil. J. Environ. Manag. 2020, 270, 110879. [Google Scholar] [CrossRef] [PubMed]

	



Almeida, D.S. Recuperação Ambiental da Mata Atlêntica, 3rd ed.; Editus: Luxembourg, 2016. [Google Scholar]

	



SOS Mata Atlântica, 2018. Relatório Anual 2018. São Paulo—SP. Available online: https://www.sosma.org.br/wpcontent/uploads/2019/07/RA_SOSMA_2018DIGITAL.pdf (accessed on 12 August 2019).

	



Albert, J.S.; Destouni, G.; Duke-Sylvester, S.M.; Magurran, A.E.; Oberdorff, T.; Reis, R.E.; Winemiller, K.O.; Ripple, W.J. Scientists’ warning to humanity on the freshwater biodiversity crisis. Ambio 2020, 50, 85–94. [Google Scholar] [CrossRef]

	



Allan, J.D. Landscapes and Riverscapes: The Influence of Land Use on Stream Ecosystems. Annu. Rev. Ecol. Evol. Syst. 2004, 35, 257–284. [Google Scholar] [CrossRef]

	



Yu, S.; Xu, Z.; Wu, W.; Zuo, D. Effect of land use types on stream water quality under seasonal variation and topographic characteristics in the Wei River basin, China. Ecol. Indic. 2016, 60, 202–212. [Google Scholar] [CrossRef]

	



Dala-Corte, R.B.; Melo, A.S.; Siqueira, T.; Bini, L.M.; Martins, R.T.; Cunico, A.M.; Pes, A.M.; Magalhães, A.L.B.; Godoy, B.S.; Leal, C.G.; et al. Thresholds of freshwater biodiversity in response to riparian vegetation loss in the Neotropical region. J. Appl. Ecol. 2020, 57, 1391–1402. [Google Scholar] [CrossRef]

	



Lobão, D.E.; Setenta, W.C.; Valle, R.R. Sistema agrossilvicultural cacaueiro-modelo de agricultura sustentável. Agrossilvicultura 2004, 1, 163–173. [Google Scholar]

	



Cassano, C.R.; Schroth, G.P.; De Faria, D.E.; Delabie, J.H.C.; Bede, L. Landscape and farm scale management to enhance biodiversity conservation in the cocoa producing region of southern Bahia, Brazil. Biodivers. Conserv. 2009, 18, 577–603. [Google Scholar] [CrossRef]

	



Kersul, M.G.; Costa, N.A.; Boullosa, R.G.; Silva, A.A.; Rios, O.; Munhoz, A.D.; Andrade-Silva, B.E.; Maldonado, A.; Gentile, R.; Alvarez, M.R. Helminth communities of sigmonontine rodents in cocoa agroforestry systems in Brazil. Int. J. Parasitol. Parasites Wildl. 2020, 11, 62–71. [Google Scholar] [CrossRef]

	



Vanwalleghem, T.; Gómez, J.; Amate, J.I.; de Molina, M.G.; Vanderlinden, K.; Guzmán, G.; Laguna, A.; Giráldez, J. Impact of historical land use and soil management change on soil erosion and agricultural sustainability during the Anthropocene. Anthropocene 2017, 17, 13–29. [Google Scholar] [CrossRef]

	



Leal, C.G.; Lennox, G.D.; Ferraz, S.F.B.; Ferreira, J.; Gardner, T.A.; Thomson, J.R.; Berenguer, E.; Lees, A.C.; Hughes, R.M.; Mac Nally, R.; et al. Integrated terrestrial-freshwater planning doubles conservation of tropical aquatic species. Science 2020, 370, 117–121. [Google Scholar] [CrossRef] [PubMed]

	



Tonello, G.; Decian, V.S.; Restello, R.M.; Hepp, L.U. The conversion of natural riparian forests into agricultural land affects ecological processes in Atlantic forest streams. Limnologica 2021, 91, 125927. [Google Scholar] [CrossRef]

	



Teresa, F.B.; Casatti, L. Importância da vegetação ripária degradada em região intensamente desmatada no sudeste do Brasil: Um estudo com peixes de riacho. Panamjas 2010, in press. [Google Scholar]

	



Lange, M.; Weisser, W.W.; Gossner, M.M.; Kowalski, E.; Türke, M.; Joner, F.; Fonseca, C.R. The impact of forest management on litter-dwelling invertebrates: A subtropical–temperate contrast. Biodivers. Conserv. 2011, 20, 2133–2147. [Google Scholar] [CrossRef]

	



Ometo, J.P.H.B.; Martinelli, L.A.; Ballester, M.V.; Gessner, A.; Krusche, A.V.; Victoria, R.L.; Williams, M. Effects of land use and water chemistry and macroinvertebrates in two streams of the Piracicaba river basin, south-east Brazil. Freshw. Biol. 2000, 44, 327–337. [Google Scholar] [CrossRef]

	



Benstead, J.P.; Douglas, M.M.; Pringle, C.M. Relationships of Stream Invertebrate Communities to Deforestation in Eastern Madagascar. Ecol. Appl. 2003, 13, 1473–1490. [Google Scholar] [CrossRef]

	



Rodrigues, M.E.; Roque, F.D.O.; Guillermo-Ferreira, R.; Saito, V.S.; Samways, M.J. Egg-laying traits reflect shifts in dragonfly assemblages in response to different amount of tropical forest cover. Insect Conserv. Divers. 2018, 12, 231–240. [Google Scholar] [CrossRef]

	



Sala, O.E.; Chapin, F.S.; Armesto, J.J.; Berlow, E.; Bloomfield, J.; Dirzo, R.; Huber-Sanwald, E.; Huenneke, L.F.; Jackson, R.B.; Kinzig, A.; et al. Global Biodiversity Scenarios for the Year 2100. Science 2000, 287, 1770–1774. [Google Scholar] [CrossRef]

	



Ferreira, W.; Hepp, L.; Ligeiro, R.; Macedo, D.; Hughes, R.; Kaufmann, P.; Callisto, M. Partitioning taxonomic diversity of aquatic insect assemblages and functional feeding groups in neotropical savanna headwater streams. Ecol. Indic. 2017, 72, 365–373. [Google Scholar] [CrossRef]

	



Casatti, L. Alterações no Código Florestal Brasileiro: Impactos potenciais sobre uma ictiofauna. Biota Neotropica 2010, 10, 31–34. [Google Scholar] [CrossRef]

	



Reid, A.J.; Carlson, A.K.; Creed, I.F.; Eliason, E.J.; Gell, P.A.; Johnson, P.T.J.; Kidd, K.A.; MacCormack, T.J.; Olden, J.D.; Ormerod, S.J.; et al. Emerging threats and persistent conservation challenges for freshwater biodiversity. Biol. Rev. 2019, 94, 849–873. [Google Scholar] [CrossRef] [PubMed]

	



Cabral, J.P.; Faria, D.; Morante-Filho, J.C. Landscape composition is more important than local vegetation structure for understory birds in cocoa agroforestry systems. For. Ecol. Manag. 2021, 481, 118704. [Google Scholar] [CrossRef]

	



Brazil. Lei nº 12.651—Institui o novo Código Florestal Brasileiro. 2012. Available online: http://www.planalto.gov.br/ccivil_03/_ato2011-2014/2012/lei/l12651.htm (accessed on 27 January 2022).

	



Gómez-Tolosa, M.; Rivera-Velázquez, G.; Rioja-Paradela, T.M.; Mendoza-Cuenca, L.F.; Tejeda-Cruz, C.; López, S. The use of Odonata species for environmental assessment: A meta-analysis for the Neotropical region. Environ. Sci. Pollut. Res. 2021, 28, 1381–1396. [Google Scholar] [CrossRef] [PubMed]

	



De Oliveira, J.M.B., Jr.; Shimano, Y.; Gardner, T.A.; Hughes, R.M.; De Marco, P.D., Jr.; Juen, L. Neotropical dragonflies (Insecta: Odonata) as indicators of ecological condition of small streams in the eastern Amazon. Austral Ecol. 2015, 40, 733–744. [Google Scholar] [CrossRef]

	



Rodrigues, M.; Roque, F.D.O.; Quintero, J.M.O.; Pena, J.C.C.; de Sousa, D.C.; De Marco, P., Jr. Nonlinear responses in damselfly community along a gradient of habitat loss in a savanna landscape. Biol. Conserv. 2016, 194, 113–120. [Google Scholar] [CrossRef]

	



De Oliveira, J.M.B., Jr.; De Marco, P., Jr.; Dias-Silva, K.; Leitão, R.P.; Leal, C.; Pompeu, P.S.; Gardner, T.A.; Hughes, R.M.; Juen, L. Effects of human disturbance and riparian conditions on Odonata (Insecta) assemblages in eastern Amazon basin streams. Limnogical 2017, 66, 31–39. [Google Scholar] [CrossRef]

	



Miguel, T.B.; Oliveira-Junior, J.M.B.; Ligeiro, R.; Juen, L. Odonata (Insecta) as a tool for the biomonitoring of environmental quality. Ecol. Indic. 2017, 81, 555–566. [Google Scholar] [CrossRef]

	



Carvalho, F.G.; Roque, F.D.O.; Barbosa, L.; Montag, L.F.D.A.; Juen, L. Oil palm plantation is not a suitable environment for most forest specialist species of Odonata in Amazonia. Anim. Conserv. 2018, 21, 526–533. [Google Scholar] [CrossRef]

	



Corbet, P.S.; May, M.L. Fliers and perchers among Odonata: Dichotomy or multidimensional continuum? A provisional reappraisal the flier/percher template. Int. J. Odonatol. 2008, 11, 155–171. [Google Scholar] [CrossRef]

	



De Marco, P., Jr.; Batista, J.D.; Cabette, H.S.R. Community Assembly of Adult Odonates in Tropical Streams: An Ecophysiological Hypothesis. PLoS ONE 2015, 10, e0123023. [Google Scholar] [CrossRef] [PubMed]

	



Valente-Neto, F.; Roque, F.D.O.; Rodrigues, M.; Juen, L.; Swan, C.M. Toward a practical use of Neotropical odonates as bioindicators: Testing congruence across taxonomic resolution and life stages. Ecol. Indic. 2016, 61, 952–959. [Google Scholar] [CrossRef]

	



Júnior, C.D.S.M.; Juen, L.; Hamada, N. Analysis of urban impacts on aquatic habitats in the central Amazon basin: Adult odonates as bioindicators of environmental quality. Ecol. Indic. 2015, 48, 303–311. [Google Scholar] [CrossRef]

	



Calvão, L.B.; Juen, L.; Junior, J.M.B.D.O.; Batista, J.D.; Júnior, P.D.M. Land use modifies Odonata diversity in streams of the Brazilian Cerrado. J. Insect Conserv. 2018, 22, 675–685. [Google Scholar] [CrossRef]

	



Rodrigues, M.E.; Moura, E.B.; Roque, F.D.O. Dragonflies as indicators of the environmental conditions of veredas in a region of central-western Brazil. Oecol. Aust. 2019, 23, 969–978. [Google Scholar] [CrossRef]

	



Batista, J.D.; Ferreira, V.R.S.; Cabette, H.S.R.; de Castro, L.A.; De Marco, P.; Juen, L. Sampling efficiency of a protocol to measure Odonata diversity in tropical streams. PLoS ONE 2021, 16, e0248216. [Google Scholar] [CrossRef]

	



Garrison, R.W.; von Ellenrieder, N.; Louton, J.A. Dragonfly genera of the New World: An illustrated and annotated key to the Anisoptera. In Encyclopedia of South American Aquatic Insects: Odonata—Anisoptera; Heckman, C.W., Ed.; The Johns Hopkins University Press: Baltimore, MD, USA, 2006. [Google Scholar]

	



Garrison, R.W.; Von Ellenrieder, N.; Louton, J.A. Damselfly Genera of the New World: An Illustrated and Annotated Key to the Zygoptera; The Johns Hopkins University Press: Baltimore, MD, USA, 2010. [Google Scholar]

	



Lencioni, F.A.A. The Damselflies of Brazil: An illustrated Guide—The Non Coenagrionidae Families; All Print Editora: São Paulo, Brazil, 2005. [Google Scholar]

	



Lencioni, F.A.A. The Damselflies of Brazil: An Illustrated Guide—Coenagrionidae; All Print Editora: São Paulo, Brazil, 2006. [Google Scholar]

	



Lencioni, F.A.A. Damselflies of Brazil; An Illustrated Identification Guide—Southeast Region; Camara Brazileira do Livro: Jacareí, Brazil, 2017. [Google Scholar]

	



Gotelli, N.J.; Ellison, A.M. Princípios de Estatística Em Ecologia; Artmed Editora: Porto Alegre, Brazil, 2011; p. 528. ISBN 8536324325. [Google Scholar]

	



Anderson, M.J.; Walsh, D.C.I. Permanova, Anosim, and the Mantel test in the face of heterogeneous dispersions: What null hypothesis are you testing? Ecol. Monogr. 2013, 83, 557–574. [Google Scholar] [CrossRef]

	



De Cáceres, M.; Sol, D.; Lapiedra, O.; Legendre, P. A framework for estimating niche metrics using the resemblance between qualitative resources. Oikos 2011, 120, 1341–1350. [Google Scholar] [CrossRef]

	



Oksanen, J.F.; Blanchet, G.; Friendly, M.; Kindt, R.; Dan McGlinn, P.L.; Minchin, P.R.; OHara, R.B.; Simpson, G.L.; Solymos, P.; Stevens, M.H.H.; et al. Vegan: Community Ecology Package 2017. R Package Version 2.4-3. Available online: https://CRANR-project.org/package=vegan (accessed on 21 March 2022).

	



De Cáceres, M.; Legendre, P.; Moretti, M. Improving indicator species analysis by combining groups of sites. Oikos 2010, 119, 1674–1684. [Google Scholar] [CrossRef]

	



Loiola, G.R.; De Marco, P. Behavioral ecology of Heteragrion consors Hagen (Odonata, Megapodagrionidae): A shade-seek Atlantic forest damselfly. Rev. Bras. Èntomol. 2011, 55, 373–380. [Google Scholar] [CrossRef]

	



Calvão, L.B.; Nogueira, D.; Montag, L.; Lopes, M.A.; Juen, L. Are Odonata communities impacted by conventional or reduced impact logging? For. Ecol. Manag. 2016, 382, 143–150. [Google Scholar] [CrossRef]

	



Pinto, P.; Kompier, T. In honor of conservation of the Brazilian Atlantic Forest: Description of two new damselflies of the genus Forcepsioneura discovered in private protected areas (Odonata: Coenagrionidae). Zoologia 2018, 35, 1–19. [Google Scholar] [CrossRef]

	



Faria, D.; Laps, R.R.; Baumgarten, J.; Cetra, M. Bat and Bird Assemblages from Forests and Shade Cacao Plantations in Two Contrasting Landscapes in the Atlantic Forest of Southern Bahia, Brazil. Biodivers. Conserv. 2006, 15, 587–612. [Google Scholar] [CrossRef]

	



Ribeiro, C.; Firme, B.; Araujo, A.S.; Sá, A.; Zander, F.; Teixeira, K.; Santos, L.R.; Rodrigues, M.E. Check-list of Odonata from the state of Bahia, Brazil: Ecological information, distribution, and new state records. Odonatologica 2021, 50, 161–186. [Google Scholar] [CrossRef]

	



Santos, C.; Santos, L.R.; Rodrigues, M.E. New records of the Critically Endangered Leptagrion acutum Santos, 1961 (Odonata, Coenagrionidae) from southern Bahia, Brazil. Check List. 2021, 17, 59–62. [Google Scholar] [CrossRef]

	



ICMBio; Brasília, D.F. Livro Vermelho da Fauna Brasileira Ameaçada de Extinção, 1st ed.; 2018. Available online: https://www.icmbio.gov.br/portal/images/stories/comunicacao/publicacoes/publicacoes-diversas/livro_vermelho_2018_vol7.pdf (accessed on 27 January 2022).

	



Dutra, S.; De Marco, P. Bionomic differences in odonates and their influence on the efficiency of indicator species of environmental quality. Ecol. Indic. 2015, 49, 132–142. [Google Scholar] [CrossRef]

	



Pires, M.M.; Müller, N.F.D.; Stenert, C.; Maltchik, L. Influence of different riparian vegetation widths and substrate types on the communities of larval Odonata (Insecta) in southern Brazilian streams. Acta Limnol. Bras. 2020, 32, e301. [Google Scholar] [CrossRef]

	



Oliveira-Junior, J.M.B.; Juen, L. The Zygoptera/Anisoptera Ratio (Insecta: Odonata): A New Tool for Habitat Alterations Assessment in Amazonian Streams. Neotrop. Èntomol. 2019, 48, 552–560. [Google Scholar] [CrossRef]

	



Ribeiro, C.; Juen, L.; Rodrigues, M.E. The Zygoptera/Anisoptera ratio as a tool to assess anthropogenic changes in Atlantic Forest streams. Biodivers. Conserv. 2021, 30, 1315–1329. [Google Scholar] [CrossRef]

	



Cassano, C.R.; Schroth, G.; Faria DDelabie, J.H.; Bede, L.; Oliveira, L.C.; Mariano-Neto, E. Desafios e Recomendações Para a Conservação da Biodiversidade na Região Cacaueira do sul da Bahia; Boletim Tecnico nº 205; CEPLAC/CEPEC: Ilhéus, Brazil, 2014. [Google Scholar]

	



De Almeida-Rocha, J.M.; Peres, C.A.; Monsalvo, J.A.B.; Oliveira, L.D.C. Habitat determinants of golden-headed lion tamarin (Leontopithecus chrysomelas) occupancy of cacao agroforests: Gloomy conservation prospects for management intensification. Am. J. Primatol. 2020, 82, e23179. [Google Scholar] [CrossRef]








[image: Diversity 14 00672 g001 550] 





Figure 1. Map of the municipalities with the sampling points in areas of native vegetation (green), cabruca (blue), and pasture (red). 
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Figure 2. Richness of the order Odonata among the different land use areas: cabruca, native, and pasture. The bold line indicates the mean values (8.13 cabruca, 4.835 native, and 7.05 pasture). 
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Figure 3. PcoA chart demonstrating the similarity of the composition of Odonata assemblages among the land uses: native forest, cabruca, and pasture areas. The dots in green or with the letter N are associated with areas of native vegetation, dots in blue or with the letter C are associated with areas of cacao cultivation, and dots in red or with the letter P are associated with pasture areas. 
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Table 1. Indicator species for the different land uses (cabruca, native forest and pasture) based on the IndVal test.
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	Species
	Cabruca
	Native Forest
	Pasture
	Index Value
	p-Value
	Specificity (A)
	Fidelity (B)





	Acanthagrion aepiolum
	x
	
	
	0.718
	0.001
	0.9889
	0.5217



	Acanthagrion gracile
	
	
	x
	0.453
	0.024
	0.8712
	0.2353



	Aceratobasis nathaliae
	x
	
	
	0.417
	0.017
	1.000
	0.1739



	Argia chapadae
	x
	
	
	0.830
	0.001
	0.8339
	0.8261



	Argia hasemani
	
	x
	x
	0.733
	0.001
	1.000
	0.5366



	Epipleoneura machadoi
	
	x
	x
	0.494
	0.027
	1.000
	0.2439



	Epipleoneura metallica
	x
	
	
	0.417
	0.011
	1.000
	0.1739



	Erythrodiplax castanea
	x
	
	
	0.417
	0.024
	1.000
	0.1739



	Erythemis credula
	
	
	x
	0.420
	0.024
	1.000
	0.1765



	Erythrodiplax fusca
	x
	
	x
	0.712
	0.003
	0.9224
	0.5500



	Erythrodiplax leticia
	
	
	x
	0.485
	0.004
	1.000
	0.2353



	Erythrodiplax paraguayensis
	
	
	x
	0.531
	0.002
	0.9600
	0.2941



	Heliocharis amazona
	
	x
	
	0.456
	0.025
	1.000
	0.2083



	Heteragrion aurantiacum
	x
	x
	
	0.824
	0.001
	0.9123
	0.7447



	Heteragrion consors
	x
	
	
	0.659
	0.001
	1.000
	0.4348



	Ischnura capreolus
	
	
	x
	0.737
	0.001
	0.9231
	0.5882



	Perithemis lais
	
	
	x
	0.432
	0.0216
	0.6358
	0.2941



	Perithemis thais
	x
	
	
	0.674
	0.001
	0.9495
	0.4783



	Planiplax phoenicura
	
	
	x
	0.485
	0.005
	1.000
	0.2353



	Telebasis corallina
	
	
	x
	0.554
	0.003
	0.8698
	0.3529
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