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Scaura Schwarz, 1938 is a small Neotropical genus of stingless bees widely distributed in Brazil. The new 

species of Scaura is a widespread species, and its wide distribution may suggest that it is a species complex. 

In order to differentiate populations that could compose cryptic species, we studied the wing venation 

variation using geometric morphometrics in 56 workers, 23 of these from remaining of Atlantic Forest in 

Ceará state and 33 from the Amazon region. Bees from Atlantic Forest differed of the bees from Amazon 

region, corresponding to 38.05% of total variation (principal components analysis), 100% of canonical 

variation and 52.93% of canonical variation between localities, with significant difference between 

populations in discriminant function analysis (p<0.001). The results suggest that the Atlantic Forest bees may 

be a new species. However, it is necessary more detailed morphological studies, and/or a molecular analysis 

to confirm this possibility. 
Keywords: Stingless bee, bee population, forewing. 

 

Scaura  Schwarz é um gênero Neotropical de “abelhas sem ferrão” amplamente distribuído no Brasil. 

Considerando que a espécie nova desse gênero é a mais amplamente distribuída, sua ampla distribuição e 

algumas diferenças morfológicas sugerem que se trate de um complexo de espécies. Para diferenciar 

populações que poderiam compor espécies crípticas, nós estudamos a variação da venação alar utilizando 

morfometria geométrica em 56 operárias. 23 oriundas de remanescentes de Mata Atlântica no Estado do 

Ceará e 33 da região Amazônica de ninhos diferentes. As abelhas da Mata Atlântica diferiram das amazônicas 

com 38,05% de variação (análise de componentes principais), 100% (análise de variação canônica) e 52,93% 

de variação entre localidades amostradas (variação canônica), com diferença significativa entre populações 

na análise da função discriminante (p<0,001). Esses resultados sugerem que as abelhas da Mata Atlântica 

possam formar uma espécie nova, entretanto, é necessário que estudos morfológicos mais detalhados e/ou 

uma análise molecular para confirmar essa possibilidade.  
Palavras-Chave: Abelha sem ferrão, população de abelha, asa anterior. 

 

1. INTRODUCTION 

Bees are an important group of organisms, especially by effecting pollination in tropical forests 

[1] and also augmenting crop production [2, 3, 4, 5, 6, 7, 8]. 

There are about 20,500 species of bees [9], but with estimates that the total number of species 

could be 50% higher [10]. In Meliponini, or stingless bees, 551 species are documented [11]. 

Various digital tools have been developed in order to assist in the identification of species, such as 

the identification based on wing venation patterns [12, 13, 14, 15, 16]. 

The genus Scaura Schwarz, 1938, is generally composed of small and dark bees, with unusual 

and extended hind basitarsus. The basitarsus is as wide as or wider than the hind tibia, and is used 

to scrape pollen from the surfaces of leaves and petals, after other bees visited flowers and spill 
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pollen onto leaves and petals [17]. The genal area of Scaura is narrower than compound eye in side 

view and the malar space shorter than the diameter of the flagellum [18]. Scaura has four 

recognized species, with three recorded in Brazil [S. longula (Lepeletier, 1836), S. latitarsis (Friese, 

1900) and S. atlantica Melo, 2004] while the distribution of the genus is broadly Neotropical, from 

Mexico to southern Brazil. Recently Nogueira et al. (2017) [19] synonymized S. tenuis (Ducke, 

1916) under S. latitarsis (Friese, 1900), leaving a new species to be described (Figure 1). 

 

 
Figure 1: Lateral view of worker of Scaura Schwarz new species. 

Their nests are built in wood cavities or active arboreal termites, which afford thermal stability 

and some defense, and because they are dependent on nesting in termites, it has not yet been 

possible to create rationally for the use of their products by man [20, 21, 22, 23]. 

The wide distribution of new species of Scaura from the state of Tachira in Venezuela to the 

State of Paraná, in Brazil, and its occurrence to different environments demand more thorough 

distribution studies, as well as investigation of biology and potential cryptic species. Melo e Costa 

(2001) [24] mention that this species is actually a complex of species, by morphological differences, 

as observed by authors of this study, such as length and abundance of plumose hairs on the 

mesepisternum. 

The aim of this study was to determine whether variation of wing venation between population 

from the Brazilian Atlantic Forest and Amazon Forest, and among populations of the latter, suggest 

two potentially unrecognized species. 

 

2. MATERIAL AND METHODS 

The specimens studied here were from UFC (Universidade Federal do Ceará) and INPA 

(Instituto Nacional de Pesquisas da Amazônia) dry collections. A total of 56 workers were obtained 

from different nests in several localities. Each right wing was mounted on a slide, glued on label 

and pinned with the specimen. Twenty-three of the specimens were collected in Atlantic Rain 

Forest remaining in Meruoca (11 from two different nests) and Ubajara (12 collected on flowers) 

in mountainous areas, both in the state of Ceará. The remaining 33 specimens were collected with 

Malaise traps in the Brazilian Amazon region: Acre (1), Amazonas (14), Pará (2), Rondônia (7) 

and Roraima (9). 
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Table 1: Amount of workers used and their respective localities and biomes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

We prepared photomicrographs using a Leica M205C stereomicroscope coupled with a Leica 

DFC295 camera and a Leica Application Suite V4.1 software. Interactive Measurements and 

Montage were used tpsUtil software version 1.64 [25] to generate a TPS file and then tpsDig version 

2.22 [26] to assign 11 landmarks [27] to each photo (Figure 2). The intersections were aligned using 

Procrustes [28] and the relative and partial deformations and centroid size were obtained by 

tpsRelw software version 1.46 [29]. For Principal Component Analysis (PCA), Discrimination 

Function Analysis (DFA) and Canonical Variates Analysis (CVA) we used MorphoJ software 

version 1.6 [30], with which the values of the Mahalanobis and Procrustes distances were obtained. 

Those results generated a morphological proximity dendrogram by the Neighbor-Joining method 

with Mega software version 5.5 [31]. To relate the geographical distances of the locations with the 

morphometric Mahalanobis distances, we used a Mantel test with UPGMA software, version 1.3 

[32]. 
 

 

Figure 1: Landmarks used on each forewing of Scaura Schwarz new species in the tpsDig software. 

 

3. RESULTS 

The Principal Component Analysis showed that the populations of the Atlantic Forest formed a 

separate group from populations of the Amazon, with 38.05%, 17.61% and 11.64%, respectively, 

of wing shape variation in the first three axis of principal component. The Canonical Analysis of 

Variance showed 100% variation in the first axis (biomes) (Figure 3) and 63.53%, 16.18% and 

10.35%, respectively, in the first three axis (locatities) (Figure 4). The Discriminant Function 

State Locality Amount specimens Biome 

Acre (AC) Rio Branco 1 

Amazon Forest 

Amazonas (AM) Itacoatiara 14 

Pará (PA) Trombetas River 2 

Rondônia (RO) Vilhena 1 

Rondônia (RO) Campo Novo 6 

Roraima (RR) Jufari River 7 

Roraima (RR) Uraricoera River 2 

Ceará (CE) Meruoca 11 
Atlantic Forest 

Ceará (CE) Ubajara 12 

TOTAL  56  
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Analysis significantly separated populations between biomes (p<0.001). The similarity dendrogram 

generated from the wing shape united the populations of the NW Amazonian area (RR, AM, AC) 

and separated them from those of the SE Amazon (PA, RO) and Atlantic forest (CE) (Figures 5, 

6). A Mantel test showed that the morphological variation between different populations is 

correlated at 42% of the geographical distance between them (r= 0,42; p=0,03).), The dendrogram 

joining the localities by states (permutations= 1.000, r = 0.82, Figure 7) showed that all states are 

related, with PA and CE being more related. The PA+CE+RO group was conserved in both 

dendrograms. 

 

Figure 3: Canonical Variation Analysis (CVA), with 100% of variation, classification criterion: Biome. 

 

Figure 4: Canonical Variation Analysis (CVA), with 52.93% of variation in the first axis for population 

of new species of Scaura Schwarz, classification criterion: Localities. 
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Figure 5: Dendrogram of morphological proximity showing the proximity on the wing shape of different 

localities in Brazil. 

 

Figure 6: Location of the two groups separated by the correlation between the Mahalanobis distance 

and geographic distance of new species of Scaura Schwarz. In yellow are the places to the northwest 

Amazon. In black are the locations south Amazonian and east of Brazil. 

 

 

Figure 7: Dendrogram of morphological proximity showing the proximity on the wing shape of different 

states (permutations=1000; r=0.82). 
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4. DISCUSSION 

The technique of geometric morphometrics applied to forewings venation indicate two distinct 

populations belonging two Neotropical biomes. Aytekin et al. (2007) [33] studying the genus 

Bombus (Hymenoptera: Apidae), [34] considering the genus Eubazus (Hymenoptera: Braconidae), 

Francisco et al. (2008) [35] in analysis of two populations of Plebeia remota (Holmberg) and 

Castañeda et al. (2015) [36] with populations of the Anastrepha oblique (Macquart) (Diptera: 

Tephritidae), distinguish cryptic populations with the same technique. 

The detected separation of Scaura into two populations suggests that bees of the Atlantic Forest 

might be distinct species. The shape of the wing, as a diagnostic measure, can allow taxonomic 

separation of specimens. Their wing variation may be related to the time of separation or a 

geographical barrier between the populations, but it may include aspects, yet unstudied, of flight 

distance and swarming behavior of the species, among other things. 

The contrasting environments of the Amazon and Atlantic Forest, should also favor increased 

morphological distance, because the two collection sites (Ubajara and Meruoca, Ceará) have 

similarity in relation to variables such as temperature, rainfall, altitude, vegetation cover and are 

surrounded by environments with sharp differences in those variables. 

The general similarity between Amazonian and Atlantic populations may be due to previous 

union. Andrade-Lima (1982) [37] suggests that the origin of the vegetation in these areas of Atlantic 

Forest of higher elevation in NE Brazil, is associated with variations in climate that occurred during 

the Pleistocene (2 million - 10,000 years), which allowed the contact of the Atlantic with Amazon 

Forest, and subsequent separation after the interglacial periods. These events led the Atlantic Forest 

pieces in places with favorable microclimate, as in Ubajara and Meruoca studied here, now home 

of endemic species to these forest pieces within the savanna areas, observed with the bird Picumnus 

limae Snethlage (Picidae), for example, which occurs in high areas in Ceará [38]. 

The morphological distance pattern of wing venation of populations of bees from Atlantic Forest 

in relation to the Amazonian populations was enough to separate into groups with 38.05% of 

variation in the first axis of the principal components analysis and 100% in canonical analysis for 

the two biomes. The difference may have been influenced by the Caatinga and Cerrado biomes as 

a barrier separating the first two biomes. These results indicate that the populations of the higher 

elevation pieces in Ceará may be a distinct species. 

The correlation between morphological distances and geographic distance indicated by the 

Mantel test shows that part of the morphological differentiation observed (r = 0.42) may be 

explained by geographical isolation from biomes, which may be related to the flight distance, 

behavior in swarming and reproduction, and gene flow. 

In the localities of the Amazon rainforest, which have large rivers as barriers, the variation 

between divided populations may increase over time [39]. This variability of populations was 

revealed in the canonical analysis by localities (52.93%, as Figure 4) in this region. This may 

indicate that even within the Amazon biome, there may be more than one species, as found among 

birds and primates that are separated by river barriers [40, 41]. 

The dendrogram suggests that the bees of Ceará and collected in the Rio Trombetas (Pará) form 

a group with the highest similarity. This Ceará+Pará group has clear similarity with bees of 

Rondônia. The population (Acre+Roraima) is more similar to the Amazon population. These 

findings suggest that there may be a variation in the shape of the wing along the Brazilian 

Amazonian northwest or in the opposite direction (Figure 6). The dendrogram joining the localities 

by states (Figure 7) did not show the division by divegence groups as in figures 5 and 6. The group 

CE+PA+RO was conserved, unlike the RR+AM+AC group, which remained related to the other 

states. With a larger sample size and scope of the Amazon rainforest and Neotropical locatities or 

states, we may see new combinations, or be able to falsify hypotheses. 

The flight distance in stingless bees is generally short compared to Apis mellifera L., and is 

mainly related to worker body size [42]. Larger bees such as Trigona fulviventris Guérin, 

Cephalotrigona capitata (Smith), Melipona quadrifasciata Lepeletier, and Melipona 

compressipes Smith can travel distances between 1500 to 2500 meters [43, 44]. Smaller bees like 

Nannotrigona testaceicornis (Lepeletier, 1836), Tetragonisca angustula (Latreille, 1811), Plebeia 

poecilochroa Moure and Camargo, 1993 and Scaura new species, fly 600 to 950 m from their nests 
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[42, 45]. The shorter flight distance is also related to the choice of a new location for nesting during 

swarming, which should be well within the particular flight radius of the species. 

Another factor that influences the dispersal of new species of Scaura is the amount of living 

arboreal termites available in the environment, because the species use them as the substrate for 

building their nests. If the vegetation structure is compromised, restricting the spatial distribution 

of termites [46], it may affect the bee populations structure and contribute to the slow process of 

morphological differentiation. 

 

5. CONCLUSION 

The geometric morphometric technique as a tool for separating populations of new species of 

Scaura proved to be effective. Amazon rainforest bees were measurably distinctive at a high level 

from populations of the Atlantic Forest. The populations of each are further separable by the same 

techniques. However, more detailed biological studies, morphological studies, and molecular 

analyses are needed to appreciate whether the populations can be considered different species. 
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