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Abstract: Honey pollen samples of Melipona seminigra pernigra Moure & Kerr 1950 sampled between 2017 and 
2019 from experimental apiaries installed in campo rupestre on canga (CRC) vegetation of the Serra dos Carajás 
aimed to evaluated seasonal floral availability of undisturbed and mining-influenced areas. Around one hundred 
pollen types were identified mainly belonging to Fabaceae, Myrtaceae and Euphorbiaceae (31, 6 and 5 species, 
respectively). Mining area presented the highest pollen richness, almost twice those identified in the undisturbed 
areas. 80% of the pollen types are rare with concentrations ≤ 2,000 pollen grains/10 g, while the remaining were 
the most abundant, frequent and the primary bee sources. These latter correspond mostly to native plants species 
such as Tapirira guianensis Aubl., Protium spp., Aparisthmium cordatum (A.Juss.) Baill., Mimosa acutistipula 
var. ferrea Barneby, Periandra mediterranea (Vell.) Taub., Miconia spp., Pleroma carajasense K.Rocha, Myrcia 
splendens (Sw.) DC., Serjania spp. and Solanum crinitum Lam. All pollen types were identified during both 
seasons, but higher concentration values are related to the dry period (June-September). The statistical analysis 
of the pollen data indicated that there was no significant difference between undisturbed and mining-influenced 
areas, since primary bee sources of this study are widespread used in revegetation of mined areas.
Keywords: Stingless bees; Honey; Pollen; Amazonia; Iron mining.

Preferências de forrageamento da abelha nativa sem ferrão Melipona seminigra 
pernigra (Apidae: Meliponini) em campo rupestre na canga da Serra dos Carajás, 

sudeste da Amazônia

Resumo: O conteúdo polínico de amostras de mel coletadas nos anos de 2017 e 2019 de apiários experimentais 
de Melipona seminigra pernigra Moure & Kerr 1950, instalado dentro de uma vegetação de campo rupestre em 
um afloramento de canga na Serra dos Carajás, sudeste da Amazônia, foi analisado para entender a variabilidade 
local dos recursos florais em áreas naturais e perturbadas. Aproximadamente 100% dos tipos polínicos foram 
identificados e pertencem principalmente às famílias Fabaceae, Myrtaceae e Euphorbiaceae (31, 6 e 5 espécies, 
respectivamente). Áreas de mineração apresentaram a maior riqueza de pólen, quase o dobro daquelas identificadas 
em áreas perturbadas. 80% dos tipos de pólen são raros com concentrações ≤ 2.000 grãos de pólen/10g, enquanto 
que os restantes foram os mais abundantes, frequentes e fontes primárias para as abelhas. Este últimos correspondem 
principalmente a plantas nativas como Tapirira guianensis Aubl., Protium spp., Aparisthmium cordatum (A.Juss.) 
Baill., Mimosa acutistipula var. ferrea Barneby, Periandra mediterrânea (Vell.) Taub., Miconia spp., Pleroma 
carajasense K.Rocha, Myrcia splendens (Sw.) DC., Serjania spp. e Solanum crinitum Lam. Todos os tipos polínicos 
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foram identificados durante ambas as estações, mas altas concentrações estão relacionadas ao período seco (junho-
setembro). A análise estatística indicou que não houve diferença significativa nos dados de pólen de mel entre 
áreas naturais e áreas anteriormente degradadas, uma vez que as fontes primárias das abelhas deste estudo são 
amplamente utilizadas na revegetação de áreas mineradas..
Palavras-chave: Abelhas sem ferrão; Mel; Pólen; Amazônia; Mineração de ferro.

Introduction

Melissopalynological studies of stingless bees are important to 
identify the sources of nectar explored by bees and, through this, improve 
the management of colonies and landscape for a better honey production 
in both aspects: quality and quantity. Moreover, it can potentially be 
used to characterize the local flora regarding its diversity and phenology 
(Absy et al. 1984, Absy & Kerr 1977; Martins et al. 2011). The use of 
this technique for identifying nectar resources used by social, native 
stingless bees – Meliponini tribe on Brazil dates from 1960, according 
to an historical review (Barth 2004; Freitas & Novais 2014; Souza et al. 
2018). Some of them have been developed specifically in the Amazon 
region, in natural and disturbed areas, to identify the origin of pollen 
in loads carried by forager bees or in the stored honey and beebread 
(Absy et al. 1980, Marques-Souza 1996, Marques-Souza et al. 1996, 
Rezende et al. 2019). These are important contributions to understand 
the floral resources collected by bees, especially considering the high 
diversity of stingless bees on Brazil and the particularities of each 
biome. It is also key to practical applications on sustainable development 
practices for rural communities (meliponiculture and honey production) 
and/or for the design of restoration strategies (Montoya et al. 2012). 
Some melissopalynological studies on humid evergreen tropical 
forest (HETF) areas of this region have shown strong preferences of 
Meliponini species by Tapirira guianensis Aubl. (Anacardiaceae), 
Protium heptaphyllum (Aubl.) Marchand (Burseraceae) and Mimosa 
pudica L. (Fabaceae) (Online Resource 1; Absy & Kerr 1977; Oliveira 
et al. 2009; Rezende et al. 2019). These taxa widespread occur on most 
of Brazilian phytogeographic domains such as Amazon Rainforest, 
Caatinga, Central Brazilian Savanna and Atlantic Rainforest (BFG 
2015). As a consequence, the distribution of Meliponini species tend 
to follow the same domains (Camargo & Pedro 2013).

Knowledge regarding bee flora in plant endemism hotspots 
(Kasecker et al. 2009), such as campo rupestre on canga at the Serra 
dos Carajás (Mota et al. 2018), are still incipient (Barth 1987). This 
particular type of open vegetation consists mostly of herbs and shrubs 
adapted to the edaphic conditions provided by iron-rich outcrops (Mota 
et al. 2018) surrounded mostly by evergreen tropical forest. Some 
Amazonian stingless bees are also poorly known, as is the case with 
Melipona seminigra pernigra Moure & Kerr 1950. This native, abundant 
species in eastern Amazonia (Moure & Kerr 1950) is considered as one 
of the most popular species reared by traditional populations for honey 
production (Nogueira-Neto 1997; Cortopassi-Laurino et al. 2006), as 
seen also in the Carajás region. 

Our aim is to understand the local variability of floral resources 
utilized by M. seminigra pernigra in natural and disturbed areas. For 
this, we kept colonies of this stingless bee species in experimental 
meliponaries on canga, forest and disturbed areas in the region of 
Carajás and analyzed their honey samples through melissopalynology. 
This is an important step for the conservation of bee species and their 
landscape, providing knowledge about plant species used for honey 

production and also to help on degraded land restoration strategies in 
the Carajás region.

1.	  Study area

The Carajás National Forest, a Federal Conservation Unit created in 
February 1998 comprises an area of approximately 3,930 km2 (Figure 1a). 
Represented by discontinuous table-top outcrops surrounded by a matrix of 
humid evergreen tropical forest (HETF) and seasonally dry forest (SDF). 
The higher areas (600-800 m a.s.l.) are occupied by lateritic plateaus with 
campo rupestre on canga (CRC) vegetation (Mota et al. 2018). This mineral 
province includes one of the largest iron ore deposits worldwide (Tolbert 
et al. 1971) and mining operations in the region began in 1985. The group 
of northern plateaus are known as Serra Norte, where two main areas are 
being exploited, namely N4 and N5 mines. 

The rainfall regime is characterized by a rainy season, regionally 
known as Amazonian winter from November to May, followed by a dry 
Amazonian summer between June and October (Lopes et al. 2013). The 
total annual rainfall of the Carajás region may vary between 1,545 mm 
and 1,863 mm during the rainy season, with the dry season amounting 
to values between 159 mm and 321 mm (Silva Júnior et al. 2017). The 
mean temperature is 27.2°C, with a minimum annual temperature of 
26.6°C in January and a maximum annual temperature of 28.1°C in 
September (Tavares et al. 2018).

Materials and Methods

Four experimental meliponaries were installed in natural (area 1: 
Trilha da Lagoa da Mata) and disturbed (area 2: Viveiro Florestal; area 3: 
revegetation of degraded areas – RDA; area 4: N5 mine) areas of Serra 
Norte (Figure 1a). The area 1 is located in the northeast portion of the N5 
mine, Serra Norte. It presents a narrow CRC area of around 33,000 m2 
surrounded by HETF (Figure 1b). The area 2 is a plant nursery area for 
growing species of the Carajás flora to provide plants for the revegetation 
of degraded areas (RDA), and it is located ~ 1.2 km southeast of area 1, 
covering an area of 26,500 m2 surrounded by HETF and weedy plants; 
area 3 is close to the N5 mine and located 8.7 km southwest of area 
1, and it consists of HETF and SDF towards the southern part of this 
area (Figure 1c); area 4 is a pit slope in RDA process mainly covered 
by CRC and weedy plants, and it is located 5.5 km southwest of area 
1 and 3.4 km distant of area 3. The main plant species in the four areas 
are given in Online Resource 2 (Vale-Golder Associates 2011), updated 
according Viana et al. (2016). Melipona seminigra forage range is around 
1 km (L. Costa, personal communication), a flight ability similar to that of 
Melipona mandacaia Smith (Kuhn-Neto et al. 2009), so it is unlikely that 
foraging activity overlapped between areas, with exception to areas 1 and 2.

Due to the expansion dynamics of the N5 mine, the meliponary 
installed in this area (3) was moved in March 2018 to another location 
in the same area, while the RDA apiary (4) started in June 2018. 
Monthly samples were collected from the honey pots of fourteen hives 
of Melipona seminigra pernigra from each apiary. The content, from 
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five to ten honey pots (chosen randomly) was removed during each 
collection event (Figure 1d, e). 46 samples covering a period of 16 
months (September 2017 to January 2019) were harvested.

Honey samples weighing 10 g were diluted using 20 ml of distilled 
water according to Maurizio & Louveaux et al. (1965). For each sample, 
a tablet containing 9,666 spores of Lycopodium clavatum was added 
(Stockmarr 1971). These samples were acetolysed following Erdtman 
(1952), and mounted on microscope slides using glycerin jelly. They were 
deposited in the pollen library at Instituto Tecnológico Vale (PaliITV, Belém, 
Brazil). Five hundred pollen grains were counted per sample using a Zeiss 
Axio Imager M2. Pollen type identification was based on morphological 
comparisons with PaliITV. 

The distribution frequency of the pollen types followed Feller-Demalsy 
et al. (1987): very frequent (>50%), frequent (20–50%), infrequent (10–20%) 
and rare (<10%); and groups of pollen concentration according to Maurizio 
(1975): Group I (<20,000), Group II (20,000–100,000), Group III (100,000–
500,000), Group IV (500,000–1,000,000) and Group V (>1,000,000) were 
adopted to classify pollen types per honey sample. The range of the pollen 
types per honey sample was calculated using the Shannon–Weaver diversity 
index (H´; Ludwig and Reynolds 1988). Pielou’s evenness index (J’), was 
calculated to evaluate the degree of heterogeneity (0) or homogeneity (1) 
of pollen resources (Pielou 1977). Product moment correlation coefficient 
(PMCC) was applied between pollen richness, H’ and J’ data.

For statistical analysis, the total pollen concentration (grains/cm³ unit) 
of four areas (Trilha da Lagoa da Mata, Viveiro Florestal, N5 Mine and 
RDA) were counted based on the definition of the seasonal rainfall pattern. 

The descriptive analyses were performed using common and abundant 
taxa among sites, and Wilcoxon test for significance difference of each 
site between periods. Bray-Curtis based non-metric multidimensional 
scaling (NMDS) has been applied to evaluate species distribution and their 
relationship between the sites. The NMDS analysis required the vegan R 
package (version 2.5.3; Oksanen 2016), and visualization were carried out 
using the ggplot2 package (version 3.4.1; Wickham 2009)

Climatological data covering the collection years were obtained from 
the meteorological station of Serra Norte de Carajás (OMM: 81860), which 
covers all studied areas. 

Results

1.	 Climatological data

The patterns of wind intensity and direction in the study site from 
January 2017 to January 2019 show slight variation of wind speed (~ 1 to 2 
m/s) with prevailing direction from the E and ENE (Figure 1a). The mean 
minimum and maximum air temperature for this period was 23.8 ºC and 
27.7 ºC, respectively, with the highest values in August to September, while 
the lowest temperatures occurred in February and July (Figure 2a). Based on 
the accumulated monthly rainfall (Figure 2a), the dry period extended from 
June to September, ranging from 67 to 132 mm. The rainy period comprised 
October to May, with values ranging from 1805 to 2300 mm. The total 
annual precipitation during 2017 was lower than that for 2018 with values 
of 1935 and 2367 mm, respectively. The wettest month of the study period 
was February 2019 (approx. 700 mm) Relative humidity follows the seasonal 
rainfall pattern, with the lowest values (< 80%) observed during in the dry 
period. Highest solar irradiance was detected in July with a mean of ~ 220 
W/m2, while the lowest occurred in December, with ~ 140 W/m2 (Figure 2b). 

Figure 1. (a) Study site inserted in the northern portion of the Carajás National 
Forest, southeast Amazonia (N1 to N8 are related mining areas codes). (b) Aerial 
photography of the Trilha da Lagoa da Mata (small area of canga vegetation 
surrounded by HETF and SDF. (b) Aerial photography showing the N4 and N5 
mining areas surround by canga vegetation (open areas in the right side) and (c)  
HETF and SDF. (d-e) sampling the honey pots.

Figure 2. (a) Accumulated monthly rainfall data (mm; right side) and mean air 
temperature (ºC; left side) at the Carajás Meteorological Station from January 
2017 to January 2019. (b) Monthly mean solar irradiance (W/m2; right side) and 
Maximum and minimum relative humidity (%; left side). Gray bands indicate 
the drier climate periods.
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2.	 Pollen assemblage

A total of 104 pollen types were identified in the 46 honey 
samples analyzed, belonging to 35 families. Fabaceae, Myrtaceae and 
Euphorbiaceae were the most representative with 31, 6 and 5 species, 
respectively (Online Resource 3). 

In general, the N5 mine presented the highest pollen richness 
with 95 pollen types identified. Trilha da Lagoa da Mata and Viveiro 
Florestal presented around 60 pollen types each, while RDA had 39 
types. Maximum pollen concentration per area ranged from 60,895 
to 1,521,194 pollen grains/g, which were observed, respectively, in 
RDA and Viveiro Florestal areas. 80% of the pollen types were found 
with values < 5,000 grains/10g and < 1%. Thus, the pollen types are 
generally rare (< 10%; Feller-Demalsy et al. 1987) and belong to group 
I (≤ 20,000 pollen grains/10 g; Maurizio, 1975) (see Online Resource 
3; Online Resource 4).

The remaining 20% of the pollen types are the most abundant 
and present in all areas along the studied period (Online Resource 3; 
Online Resource 5, Online Resource 6, Online Resource 7, Online 
Resource 8). These types were identified as Tapirira guianensis 
(Anacardiaceae), Protium (Burseraceae), Aparisthmium cordatum 
and Alchornea (Euphorbiaceae), Mimosa acutistipula var. ferrea 
and Periandra mediterranea (Fabaceae), Miconia and Pleroma 
carajasense (Melastomataceae), Myrcia splendens (Myrtaceae), 
Serjania (Sapindaceae) and Solanum crinitum (Solanaceae) 
(Figure 3, Figure 4) abundances varied according to the year of study.

Significantly higher pollen concentration was detected on 2018 
(Online Resource 5, Online Resource 6, Online Resource 7, Online 
Resource 8). Thus, for the Trilha da Lagoa da Mata, pollen types of 
P. carajasense, Miconia, Alchornea and M. acutistipula var. ferrea 
abounded in March and April, while Protium and T. guianensis in 
August and September (Online Resource 5). 

Protium and T. guianensis also abounded in June and July in the 
Viveiro Florestal, where A. cordatum was very representative in October 
to December (Online Resource 6). Protium was abundant in June and 
November in the RDA area (Online Resource 8).

The pollen types M. splendens and M. acutistipula var. ferrea were 
significantly present from September to December 2018, but not during 
the same period of the previous year in N5 mine. 

According to the mean values of pollen concentration of the most 
abundant pollen types during the dry and rainy seasons, the pollen of all plant 
species was identified during both seasons, however in variable abundance. 
Higher values are generally related to the dry period (June-September). M. 
acutistipula var. ferrea is more abundant at the Viveiro Florestal and N5 
mine in the dry and wet season, respectively. P. carajasense abounded during 
the wet season in the Trilha da Lagoa da Mata, while it was remarkably 
important in the dry season in the Viveiro Florestal (Figure 5). 

The Shannon-Weaver diversity (H’) and Pielou’s evenness (J’) 
indexes have strong PMCC (ρ-value ~ 0.7 to 0.9), and moderate to 
strong correlation with pollen richness (ρ-value ~ 0.5 to 0.9) in each 
area (Figure 6). Thus, higher H’ and J’ were related to 2017, while lower 
values were mainly found during June and July 2018.

3.	 Statistical analyses

Considering the statistical analysis, the overall mean of pollen 
concentration of all sites shows an overlap of pollen concentration 
distribution (Figure 7a). RDA samples had the lowest concentration 

Figure 3. Optical microscopy photomicrographs of the most abundant and 
frequent pollen types identified in this study. Tapirira guianensis (1, 2); Protium 
(3, 4), Aparisthmium cordatum (5, 6) and Alchornea (7, 8), Mimosa acutistipula 
var. ferrea (9, 10) and Periandra mediterranea (11-14), Miconia (17, 18) and 
Pleroma carajasense (19, 20). Scale bars: 10 µm. 

Figure 4. Optical microscopy photomicrographs of the most abundant and 
frequent pollen types identified in this study. Myrcia splendens (1-4), Serjania 
(5-8) and Solanum crinitum (9-12). Scale bars: 10 µm.
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periods due to abundance of the pollen types of Protium and Serjania. N5 
Mine samples are more similar during both periods due to the abundance 
of Mimosa acutistipula var. ferrea and Myrcia splendens, whereas the 
Trilha da Lagoa da Mata and Viveiro Florestal (rainy period) have more 
contribution from A. cordatum, Miconia and P. carajasense. During the dry 
period, Trilha da Lagoa da Mata and Viveiro Florestal differed from other 
samples due to their pollen assemblages: the first is mainly composed by 
T. guianensis and Protium and the latter has higher influence from several 
species. According to the Wilcoxon test, Viveiro Florestal demonstrated 
significant statistical difference for both periods, and therefore the NMDS 
is coherent with Wilcoxon test. Viveiro Florestal had higher concentration 
of all pollen assemblages during the dry period, whereas, during the rainy 
period it has a composition more comparable to the one at the Trilha da 
Lagoa da Mata and N5 Mine in the same period.

Discussion

Considering the total pollen assemblage identified in honey 
samples of M. seminigra pernigra, around 80% of the pollen types 
were found to be within the values < 5,000 grains/10g and < 1%. The 
remaining ~20% are the primary bee sources. The secondary sources 
(less abundant) are continuously explored, providing a small amount 
of food that is an alternative resource for the colony (Heinrich 1976). 
This is especially important when other plants are saturated by other 
pollinators or flowering diminishes according to seasonal changes. In 
some occasions, the secondary source moves to a central position in 
the food supply (Novais & Absy 2013). 

Melipona species are a successful generalist group of bees from tropical 
humid forests that have a close relationship with tree crowns and mass 
flowering (Ramalho 2004), and consequently play an important role in plant 
reproduction and natural forest regeneration. In the present experimental 
study developed at the Carajás National Forest, the honey samples of M. 
seminigra pernigra were constituted mostly by native species pollen.

Considered a native and abundant species, Mimosa acutistipula 
var. ferrea Barneby is endemic to north and northeastern Brazil and 
abundant in the Serra dos Carajás region, occurring on all CRC outcrops 
studied (Mattos et al. 2018). It features in the Brazilian red list of plants 
as Data Deficient (DD) (Martinelli & Moraes 2013) and vulnerable 
(VU) in the List of Threatened Species of Pará State (COEMA-PA 
2010). M. acutistipula var. ferrea forms large single-species stands in 
both canga and altered barren areas (Zappi et al. 2018). The clustered, 
long, pendulous, sweetly scented inflorescences of M. acutistipula var. 

Figure 5. Total pollen concentration of the most abundant, frequent and common 
plant species of all studied areas considering the different climate periods.

Figure 6. Richness (gray bars), Shannon-Weaver diversity (H’; upper stright 
line with empty circles) and Pielou’s evenness (J’; lower dashed line with black 
ircles) of the pollen data per sampling area: (a) Lagoa da Trilha, (b) Viveiro 
Florestal, (c) Mina N5 and (d) RDA areas.

than all other sites for both periods. Diversely, Viveiro Florestal had 
different abundance for the two periods. Wilcoxon test was applied 
to evaluate differences between climate periods for each site. The 
results show no statistically significant difference on sites between 
periods, except for the Viveiro Florestal (ρ-value = 0.03). In order 
to evaluate the pollen distribution and similarity among the sites, 
Non-metric Multidimensional Scaling was the appropriate ordination 
method because the stress value for two dimensional, which was 
0.04. NMDS, pointed to (dis)similarities on sites based on pollen 
concentration (Figure 7b). RDA samples are more related on both 

Figure 7. (a) Boxplot of pairwise samples in rainy and dry period. (b) Result 
of Non-Metric Multidimensional Scaling using honey samples in two distinct 
periods (dark gray: rainy period; white: dry period). Named pollen taxa used 
in the analysis are included.
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ferrea are very rich in pollen (Mattos et al. 2018). This mass flowering 
is very attractive for M. seminigra pernigra. The abundance of the 
Mimosa-type (small) pollen grains in honey samples can be related to the 
configuration and relatively small pollen size, varying from 10-14 µm 
(Zappi et al. 2018), which are also released in large amounts according 
Ferreira and Absy (2017). 

P. carajasense is a recently described endemic species from the 
CRC of Carajás (Rocha et al. 2017), and it has been categorized as a 
possible Endangered (EN) species according to the IUCN criteria (IUCN 
2012). It occurs in large populations both on natural and anthropic areas. 
This species has attractive short thyrsoid inflorescences with 7–25 
campanulate flowers, lilac-pink to purple petals and poricidal anthers 
(Matos & Santos 2017, Rocha et al. 2017). Vibrating bees (flower or 
anther buzzing) are favored by poricidal anthers, limiting the access of 
competing pollinators (De Luca & Vallejo‐Marín 2013). M. seminigra 
pernigra have body sizes exceeding the gap between anthers and 
stigma in P. carajasense, and can be considered an efficient pollinator 
(Solís‐Montero & Vallejo‐Marín 2017). Considering Alchornea spp., 
nectary stomata is commonly observed on flowers, also in leaves, of 
A. discolor Poepp., A. acutifolia Müll. Arg., A. castaneifolia (Willd.) 
A. Juss., A. glandulosa Poepp., A. megalophylla Müll. Arg., which 
were extensively described for the study area (R. Secco personal 
communication; Secco 2004).

Other abundant plant species visited by M. seminigra pernigra in 
the study area, but with wider geographical distribution, are A. cordatum, 
M. splendens and T. guianensis. These species are commonly observed 
in forest margins, gallery forest, seasonally dry forest (SDF) and humid 
evergreen tropical forest (HETF), as well as disturbed areas in the Amazon 
and elsewhere. A. cordatum has racemose inflorescences with female 
flowers closer to the foliage and distal male flowers, while the two latter 
are paniculate. All these inflorescences provide large number of flowers 
per inflorescence. All species are good source of pollen and nectar for 
bees, as well as resin in the case of T. guianensis (Matos & Santos 2017). 
P. mediterranea has also a wide distribution with preference for open 
ecosystems such as Amazonian savannas, high altitude grasslands, campo 
rupestre on canga and other substrates (Mattos et al. 2018). It has racemose 
inflorescence with few, showy blue to purplish open, zygomorphic pea-
shaped flowers with conspicuous nectar guides. These flowers provide both 
pollen and nectar for bees (Mateus 1998).

Pollen type of Miconia is frequently abundant in honey samples of 
Melipona bees in the Amazon region (Absy et al. 1980, Marques-Souza 
1996, Oliveira et al. 2009, Ferreira & Absy 2017). The continuous 
flowering along both dry and wet seasons provides an excellent source of 
pollen for bees (Renner 1989). Miconia has poricidal anthers, supporting 
selective buzz pollination (Buchmann 1983). However, the identification 
of Miconia to species level using honey samples was not possible due 
to the stenopalynous pollen found in the genus, and there are at least 
20 species of Miconia cited for the CRC of Carajás (Rocha et al. 2017). 
This large genus, one of the biggest in the Brazilian Flora, comprises 
288 species in Brazil, 81 of them recorded for Pará state (BFG 2020), 
and its species present considerable variation in the gap between anthers 
and stigma. Therefore, it is not possible to be sure whether M. seminigra 
pernigra effectively makes contact with the stigmas. 

Pollen types of Solanum crinitum were present in lower frequency 
in honey samples than Miconia but were well-represented in the study 
site. It has also poricidal anthers, but in this case the stamens are fused 

into a cone and the anthers are almost in contact (Giacomin & Gomes 
2018). Thus, bees can vibrate all anthers at once, performing effective 
pollination (Solís‐Montero & Vallejo‐Marín 2017). Melipona has been 
commonly observed visiting Solanaceae species in lowland Amazonian 
forest (Absy et al. 1980), and, according to these authors, its pollen 
is of great importance for the diet and maintenance of the Melipona 
hives. Extrafloral nectaries are reported for Solanum (Anderson & 
Symon 1985). Predominant occurrence of Solanum pollen types with 
different sizes in the same honey sample of Melipona are also reported 
in the northeastern Brazil (Ferreira & Absy 2015, 2017). However, 
it is possible that the flowering of Solanum crinitum Lam., which is 
abundant in the study site (Giacomin & Gomes 2018) and certainly very 
rich in pollen, may has concomitantly occurred with any other nectar 
provider species. As the pollen extraction from the anthers of Solanum 
is done by vibration (buzz pollination; Buchmann & Cane 1989), the 
body hairs of M. seminigra pernigra may be full of pollen, which are 
moved to the corbicula. In the hives, the pollen is deposited into pots, 
but it is tasted by other workers of the colony (Roubik 1989). Likewise, 
the nectar collected is transferred between workers by trophallaxis 
before its deposition into the pots. Thus, the contamination of nectar 
collected from other source with the Solanum pollen that is present in 
the digestive system of the workers may be also a plausible explanation.

Also well represented in honey samples were pollen types of 
Protium and Serjania, chiefly at the Trilha da Lagoa da Mata, Viveiro 
Florestal and N5 mine areas. Protium is the commonest component in the 
pollen assemblage of sampled honey at the RDA area. These taxa present 
paniculate inflorescences with small, separate sex flowers that provide 
bees with nectar, resin and pollen (male flowers only), while Serjania 
spp. is a rampant liana with thyrsoid inflorescences with small, sweetly 
scented flowers that are considered an excellent source of nectar (Matos 
& Santos 2017). Both genera are commonly observed in transitional 
areas between CRC and HETF and SDF and provide great availability 
of resources over a long flowering period (Oliveira et al. 2009).

Following the statistical analysis, there was no significant difference 
in honey pollen data between the natural and disturbed areas. This is 
mainly due to the fact that all these abundant and common native taxa are 
used in revegetation during RDA processes by mining activities (Zappi 
et al. 2018). However, more studies are necessary to better evaluate 
the prolonged effects of human interference over plant reproduction.

Regarding the importance of plants for honey production, income 
generation, and conservation of pollinators, T. guianensis, Protium spp., 
M. splendens, M. acutistipula var. ferrea, Serjania spp., P. carajasense and 
A. cordatum seem to be key species, as well as Miconia spp. with some 
considerations. Indeed, most of Miconia species are polliniferous, but it 
cannot be generalized (T. Vasconcelos, personal communication). Most 
neotropical Melastomataceae have bee-pollinated flowers with poricidal 
anthers. However, nectar rewards are known to be produced in about 80 
species in eight genera, including Miconia (Varassin et al. 2008, Brito et al. 
2017). These authors using anatomical methods based on scanning electron 
microscopy, and serial sections of paraffin-embedded flowers precisely 
identified nectary stomata on the ovary apex in Miconia spp. 

These plant species can be used to help recover deforested areas 
(Zappi et al. 2018) and help improve the resource provisions for the 
stingless bee populations. For local beekeepers, the incorporation of 
these plants in the foraging area of beehives can help to improve the 
amount of honey produced, reflecting positively on income generation.
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Conclusions
M. seminigra pernigra uses, preferably, native plants from cangas 

and forests of the Serra do Carajás as its primary sources. Main examples 
are Tapirira guianensis Aubl., Protium spp., Aparisthmium cordatum 
(A.Juss.) Baill., Mimosa acutistipula var. ferrea Barneby, Periandra 
mediterrânea (Vell.) Taub., Miconia spp., Pleroma carajasense 
K.Rocha, Myrcia splendens (Sw.) DC., Serjania spp., and Solanum 
crinitum Lam. However, these primary bee sources (PBS) represent 
only 20% of the total pollen assemblage, which suggest high dispersion 
rates of the colony members related to temporal flowering pattern of the 
PBS. All pollen types were identified during both seasons, but higher 
concentration values are related to the dry period (June-September). In 
fact, Shannon-Weaver diversity (H’) and Pielou’s evenness (J’) indexes 
substantially decrease when PBS are fully available. 

The PBS have different floral syndromes. The strategies included 
condensed spike-shaped inflorescences offering abundant nectar and 
pollen in M. acutistipula var. ferrea and A. cordatum; buzz pollinated 
anthers in P. carajensis, Miconia spp. and S. crinitum; and separate sex 
flowers (A. cordatum and Protium spp.). The majority of the species had 
small flowers grouped in inflorescences working as a flowering unit, 
while only P. mediterranea and P. carajasense have large, attractive 
flowers. Of these species, the only strongly zygomorphic flower with 
nectar guides was P. mediterranea. 

No significant difference was statically found in honey pollen data 
between the natural and disturbed areas, which may be related to the 
widespread use of PBS for mine land rehabilitation, as well as in the 
remaining vegetation surrounding the mine. However, longer-term data 
are necessary for better supporting such findings in mining land areas 
of the study site, including climate change influences.

Supplementary material

The following online material is available for this article:
Online Resource 1 - Melissopalynological records of plant/pollen 

associated with Meliponini species (Rezende et al. 2019; Rezende et 
al. 2019; Oliveira et al. 2009; Absy & Kerr 1977; Marques-Souza et 
al. 2002; Ferreira & Absy 2017.

Online Resource 2 - Main plant species observed in the natural 
and anthropized areas were the studied apiaries were installed. Humid 
Evergreen Tropical Forest (HETF), Seasonally Dry Forest (SDF).

Online Resource 3 - Occurrence per area and distribution frequency 
of the pollen types (Feller-Demalsy et al., 1987): very frequent (>50%), 
frequent (freq.: 20–50%), infrequent (infreq.: 10–20%) and rare (<10%); 
and groups of pollen concentration (Maurizio, 1975): Group I (<20,000), 
Group II (20,000–100,000), Group III (100,000–500,000), Group IV 
(500,000–1,000,000) and Group V (>1,000,000).

Online Resource 4 - Number of observations per (1) groups of 
pollen concentration (grains/10g; Maurizio, 1975): Group I (<20,000), 
Group II (20,000–100,000), Group III (100,000–500,000), Group IV 
(500,000–1,000,000) and Group V (>1,000,000); and per (2) distribution 
frequency of the pollen types (percent-%; Feller-Demalsy et al., 1987): 
very frequent (>50), frequent (20–50), infrequent (10–20) and rare (<10).

Online Resource 5 - Percentage and concentration pollen diagram 
illustrating the pollen content of the honey samples from Trilha da 
Lagoa da Mata area. Gray line indicates a gap in the honey sampling.

Online Resource 6 - Percentage and concentration pollen diagram 
illustrating the pollen content of the honey samples from Viveiro 
Florestal area. Gray lines indicate gaps in the honey sampling.

Online Resource 7 - Percentage and concentration pollen diagram 
illustrating the pollen content of the honey samples from N5 mine. Gray 
line indicates a gap in the honey sampling.

Online Resource 8 - Percentage and concentration pollen diagram 
illustrating the pollen content of the honey samples from RDA area.
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