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During the study, the honeybee effects on wild bees were tested and hypothesized that smaller distances from beehives will increase competitions between honeybees and wild bees, while greater distances will have a deleterious effect on competition. The impact on species richness and diversity was tested with distances from beehives, considering that this may differ when large and small wild bee species are considered separately. Altogether 158 species and 13,164 individuals were collected, from which 72% (9,542 individuals) were Apis mellifera. High variation in abundances was detected from one year to another, and the species turnover by sites was 67% in site A, 66% in site V, and 63% in site F. This last one was the site with the previous contact with honeybees. Considering distances from beehives, significant decreases in small bee species diversity were detected from one year to another at each distance except site F, 250 m from hives. The changes in species diversity and community structure of small bee species are detected from one year to another.
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INTRODUCTION

The current large-scale decline in the number of pollinating insects can have a negative impact on global food production and human wellbeing (Potts et al., 2010) since the quality and yield of many plants are based on the pollination by insects (Potts et al., 2016). Nearly 45% of the most commonly grown plant species in the world depend on pollinators (Klein et al., 2007). The role of bees in pollination is highly significant, as it is responsible for pollinating a large number of nutrient-rich plants important in human nutrition (Ellis et al., 2015). In the developed world, 14.7% of total agricultural production, and in the developing world, 22.6% (Aizen et al., 2009) are directly linked to bee activity, which is estimated to have annually a total value of €153 billion (Gallai et al., 2009).

It is a common practice to introduce managed pollination in order to meet the pollination need of plants by placing honeybee (Apis mellifera) colonies on specific areas (Garibaldi et al., 2017). The presence of wild bees in crop production is also significant even when the presence of honeybees is high because wild bee communities often prove to be more effective pollinators, and at the same time, interspecies interactions can increase pollination efficiency (Brittain et al., 2013; Garibaldi et al., 2013; Woodcock et al., 2013). In seminatural landscapes, wild bees are the most important pollinators of flowering plants (Garibaldi et al., 2013). Diverse bee communities increase landscape biodiversity and provide steady pollination services (Hoehn et al., 2008; Eeraerts et al., 2020; MacInnis and Forrest, 2020).

The diversity and density of wild bees are declining in many parts of the world due to habitat loss and habitat degradation, the use of chemicals, and the presence of parasites. Furthermore, due to intensive agriculture, croplands are less suitable for sustainable honey production, so professional beekeepers regularly move large apiaries to natural areas, either to exploit prosperous resources or to avoid chemical hazards or intermittent food shortages (Henry et al., 2012; Odoux et al., 2014; Requier et al., 2017). As both honeybees and wild bees feed on nectar and pollen, it is not a recent concern that there might be a competition for food resources between the native wild bees and the artificially placed honeybees (Schaffer et al., 1983; Danner et al., 2016; Thomson, 2016; Geslin et al., 2017; Magrach et al., 2017).

Honeybees can negatively affect the reproduction of bumblebees (Thomson, 2004) and solitary bees (Hudewenz and Klein, 2015) and can change the collection habits of bumblebees by displacing them from the area (Walther-Hellwig et al., 2006). In addition, bumblebee workers develop to a smaller size, probably due to malnutrition during the larval stage (Goulson and Sparrow, 2009). Due to these competitive effects, a total ban on beekeeping on nature reserves is more and more pronounced (Geldmann and González-Varo, 2018; González-Varo and Geldmann, 2018; Kleijn et al., 2018; Saunders et al., 2018). Several studies have attempted to assess the effect of honeybees on wild bees, but some of them have failed to show significant competition (Paini, 2004). According to this, in Europe, under natural conditions, competition between honeybees and bumblebees is unlikely, as both taxa are native. The foraging-related traits of bumblebees may differ from those of honeybees (Walther-Hellwig et al., 2006), as the tongue of the bumblebees is longer than that of the honeybees (Balfour et al., 2013), which allows for food niche separation (Ranta and Lundberg, 1980). An inclusive conservation approach would allow these conflicting hypotheses to be conciliated, involving all parties for sustainable results (Kleijn et al., 2018). One such solution could be to regulate the density of apiaries with a maximum number of colonies of 3.1 colonies/km2 (Steffan-Dewenter and Tscharntke, 2000) or 3.5 colonies/km2 as suggested by another author (Torné-Noguera et al., 2016). Having the appropriate hive density in a given area is extremely difficult, as current apiaries often consist of 100–200 colonies. The appropriate density is furthermore influenced by the fact that honeybees can fly up to several kilometers, the hive density may depend on the density of wild pollinators, in addition, most nature reserves are not homogeneous, and available flowering plants vary seasonally and year by year.

Altogether more detailed researches are needed to test the effect of honeybees on wild bee species in “sensu lato” and effects on large and small bee species separately in highly diverse and protected habitats. By understanding these mechanisms, a better explanation of honeybee influences on wild bees and the habitat effect on these interactions can be explained. Thus, our hypotheses were as follows: H1. Honeybee effects on wild bees can be detected differently if distances from beehives are considered; smaller distances from beehives will increase competitions between honeybees and wild bees, while higher distances will have a deleterious effect on competition. H2. Exchange in species richness and diversity can be detected with distances from beehives, and this may differ when large and small wild bee species are considered separately.



MATERIALS AND METHODS


Study Area and Sampling

This study was carried out between 2018 and 2019 in Central Europe (Transylvania), in Harghita and Covasna counties. Three seminatural protected, high nature value (HNV) areas were selected where extensive farming takes place, and the diversity and number of wild bees are extremely high, but the number of artificially placed honeybees (A. mellifera) is missing from two areas and is low in one area. The first area is the Vârghiş Valley area (coded as V) (N:46.2034539, E:25.5344264), which is a nature reserve, where prior to our research no artificially placed honeybees were introduced, and it is characterized by meadows and forest patches. The second one is the Almas-Meresti area (coded as A) (N:46.2394164, E:25.5322366) where again no artificially placed honeybees were present, and it is characterized by meadows, pastures, and forest patches. The third area is the Filia area (coded as F) (N:46.1731241, E:25.6236372), which was considered as the control area, honeybees have been present artificially in low density for 5 years, and this area is characterized by meadows, forest patches, and very few arable lands. The distances between the sampling areas were as follows: F–A 10 km; F–V 7 km; A–V 3.7 km. In all three areas, the average altitude is 530–630 m (Figure 1A).
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FIGURE 1. Map of the sampled areas (A), natural reserve sites A (N:46.2394164, E:25.5322366) and V (N:46.2034539, E:25.5344264), and control area F (N:46.1731241, E:25.6236372), which includes honeybees previously. Sampling model (B) including distances from beehives.


The studied areas, which are located relatively far from the closest villages, and the complex natural habitat are diversely represented by small grassland-woodland-scrub mosaics. The grasslands are mainly used as meadows. Mowing on mosaic grassland patches was made at different times, providing a continuous food resource for pollinators. Although differences in plant diversity can be observed in the three areas, several plant species were common in all areas (Supplementary Material).

In all three valleys, sampling was performed four times in both 2018 and 2019 (i.e., one time in May, two times in June, and one time in July). The first assessment started in May and was made before the placement of honeybee colonies. Then, 7–10 days prior to the second assessment, 30 honeybee colonies were placed in each area; thus, during the second, third, and fourth assessments, honeybee colonies were present in all three areas. The average weight of a hive was 60–70 kg, and the bees populated 20 frames (300 mm/470 mm/37 mm) when hives were initially placed on these areas. Beehives were removed from the sites immediately after the last assessment and replaced next year in a same way.

The sampling area was a circle with a radius of 1,200 m around beehives and contained nine randomly selected subsampling sites. From these, three sampling sites were at a distance of 250 m, three at 500 m, and three at 1,500 m from beehives. Each assessment was made parallel (at each distance) by collecting for 20 min along a 200-m transect of all bee species using a sweep net. Then, the whole procedure was repeated two times at each distance (Figure 1B). All insects were stored in 70% ethanol, and species were identified in the laboratory.



Data Analyses

The collected species were divided into two groups, namely, bumblebees (referred to as large bees) and other wild bees (referred to as small bees), as these may show significant differences partly in social behavior and partly in home-range size (Gathmann et al., 1994). The endangered status of the species was determined based on the European Red List (Nieto et al., 2014). To characterize the differences of wild bee communities between areas, we compared the species composition and also the k-dominance relationships. The data were averaged by sampling numbers (three sampling/distances/sampling period) and used for all analyses.

Analyses comparing abundances and diversity prior to hive placement and after hive placement in 2018 were performed. This makes sense for data collected in 2018 because the data from 2019 represent samples after hive placement in 2018. The Kruskal–Wallis test was performed to compare abundances. Alpha diversity profiles and diversity indices were computed using PAST version 4.02.

Mann–Whitney U test followed by Tukey’s pairwise comparisons were made to compare species numbers and abundances between years and distances from beehives inside each site. For this comparison, the data from the first sampling period in 2018 were incorporated. The densities of honeybees, large bees, and small bees were also compared between sites for all distances (i.e., 250, 500, and 1,500 m) using the same method. Diversity profiles at each distance and diversity T-test between years were computed for the entire wild bee community (Tóthmérész, 1995). The analyses were made using PAST version 4.02.

The effect of years, sites, and distances on honeybees, small bees, large bees, and endangered species (averaged data as mentioned above) was tested using each species group as a response variable and the sites, years, and distances as explanatory variables. Main effects as significant positive and negative relationships were defined at the level of P < 0.01.

The variation in the densities of honeybees as well as small and large bees for each site, year, and distance from beehives, respectively, were tested using repeated measures multivariate ANOVA (MANOVA). Interactions were then compared using χ2 tests on the differences between the covariance matrices and by the root mean square error of approximation. This comparison was made between the densities of honeybees and the densities of small and large bees for each distance separately. Due to the low density of endangered species, comparisons were made without statistical analyses, and differences were only mentioned according to the species and individual numbers. The statistical analyses were performed in R version 3.0.1 (R Core Team, 2013).

The canonical correspondence analyses were used to test the effect of years and sites on wild bee species; in this study, sites and years were used as components and species abundances as variables. The analyses were made in PAST version 4.02.




RESULTS

Altogether 158 species and 13,164 individuals were collected, from which 72% (9,542 individuals) were A. mellifera. Dominant large wild bee species were Bombus humilis (889 individuals), Bombus terrestris (874 individuals), Bombus pascuorum (225 individuals), Bombus hortorum (174 individuals), Bombus ruderarius (79 individuals), and Bombus sylvarum (67 individuals). Dominant small bee species were Andrena flavipes (152 individuals), Andrena ovatula (81 individuals), Lasioglossum calceatum (67 individuals), Eucera nigrescens (55 individuals), Eucera longicornis (53 individuals), and Halictus tumulorum (44 individuals).

No significant differences were detected in abundances and diversity between the first sampling period (prior to hive placement) and other sampling periods (after hive placement) in 2018 in all sites (Supplementary Material). Significant differences between abundances in the last sampling period and all others in site A 500 m, 1,500 m, and site V 250 m from hives were observed. Also, some differences in abundances at site F 250 m between the third sampling data and at 1,500 m between the fourth sampling data and all others were observed. The same differences can also be detected at diversity profiles and indices (Supplementary Material).

Some variation in species richness and abundances can be detected between sites, years, and distances from beehives when small and large bees are considered together in analyses. In site A at 250 m distances from beehives 45, at 500 m 43 species while at 1,500 m 42 wild bee species were detected in 2018, this was 43 (250 m), 30 (500 m), and 29 (1,500 m) in 2019, a significant reduction was detected at 500 and 1,500 m (Figure 2A). The same trend in site V was also detected with no differences in species numbers at 250 m (39 in 2018 and 29 in 2019), and a significant decrease was detected at 500 m (47 in 2018 and 28 in 2019) and at 1,500 m (65 in 2018 and only 18 in 2019) (Figure 2B). Again, no changes at 250 m in site F were detected (44 species in 2018 and 47 in 2019), and decreases at 500 m (50 species in 2018 and 36 in 2019) and at 1,500 m (45 in 2018 and 26 in 2019) were observed (Figure 2C). No such accentuated changes in abundances were detected; increase from 2018 to 2019 (from 181 to 228) in site A at 250 m, no changes at 500 m (208 and 200), and decrease at 1,500 m (from 256 to 171) were detected (Figure 2D). A decrease in site V at 500 m was only detected (from 336 to 214), while the same trend as in site A was observed in site F (Figures 2E,F). Significant differences in honeybee densities and any other wild bees were detected at 250 and 500 m between site A and sites V and F in both 2018 and 2019, while at 1,500 m, differences in honeybee densities in 2018 between site F and the other species in sites A and V were detected (Supplementary Material). The variations “sensu lato” of wild bee populations within years considering distances from beehives in each site separately were as follows:
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FIGURE 2. Species richness (A–C) and abundances (D–F) of wild bees collected in 2018 and 2019 at 250 m (green bars), 500 m (brown bars), and 1,500 m (blue bars) from beehives in site A, V, and F. Different letters represent statistically significant differences between groups, i.e., Site A species at P < 0.05 level (Mann–Whitney U test followed by Tukey’s test).


Species richness by distances from beehives within years:


2018: site V small increase, no change in site A and F.

2019: site V no change, small decrease in site A, strong decrease in site F.



Abundance variations by distances from beehives within years:


2018: increase in all sites (strong in site A and small increase in sites V and F).

2019: no change in site V, small decrease in sites A and F.



The variations “sensu lato” of wild bee populations from one year to another considering distances from beehives in each site separately were as follows:

Species richness variations by distances from beehives between years:


Site A: 250 m no changes; 500 m decrease; 1,500 m decrease.

Site V: 250 m no changes; 500 m decrease; 1,500 m decrease.

Site F: 250 m no change; 500 m decrease; 1,500 m decrease.



Abundance variations by distances from beehives between years:


A: 250 m increase; 500 m no changes; 1,500 m decrease.

V: 250 m no change; 500 m decrease; 1,500 m no changes.

F: 250 m increase; 500 m no changes; 1,500 m decrease.



High change in species richness and composition and also in abundances was detected from one year to another, and the species exchange rates by sites were 67% in site A, 66% in site V, and 63% in site F. Considering again distances from beehives, a significant decrease in diversity was detected from one year to another at each distance except site F, 250 m from hives (F18/19, t = −0.35, P = 0.72) (Figures 3A–C).
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FIGURE 3. The diversity profiles and diversity T-test of wild bees between years in the same site from 250 m (A), 500 m (B), and 1,500 m (C) from beehives. A confidence limit of P < 0.05 was considered. Methods reported by Tóthmérész (1995) were used.


Considering separately, the effects of honeybees on small and large bees for each site, year, and distance from beehives (MANOVA and χ2 test) revealed a significant decrease in small bee species richness at all distances and all sites from 2018 when experiments started in 2019. As an example, in site A, 34 species at 250 m and 500 m and 36 species at 1,500 m were detected in 2018, this was reduced to 26 species at 250, 18 at 500, and 19 at 1,500 m in 2019. No such trend in large bee species richness was observed (Figures 4A,B). More significant decreases in site V were detected from 2018 when 28, 35, and 51 species from small bees were collected in 2019, and when only 17 species at 250 and 500 m and seven species at 1,500 m were counted again, no such decreases of large bees were detected (Figures 4C,D). Also, a small decrease of small bees (38, 40, and 39 species in 2018 and 34, 24, and 16 species in 2019) and no change in large bees were observed in control site F (Figures 4E,F). Changes in abundances at small bees can also be detected from one year to another and no changes at large bees. No clear trend in species and abundance variations for endangered species was observed. Altogether the data present that honeybees, in general, had a negative effect on both small and large bees and on endangered species, but if years and distances from beehives are considered in analyses as explanatory variables and species group as a response variable, a significant negative effect on only small bees can be detected (Table 1).
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FIGURE 4. The variation in the densities of honeybees as well as small and large bees for each site, year, and distance from beehives, respectively [multivariate ANOVA (MANOVA)], and interactions tested using χ2 tests on the differences between the covariance matrices and by the root mean square error of approximation. The initial comparison was made between the densities of honeybees and the densities of small and large bees for each distance separately. Due to the low density of endangered species, comparisons were made without statistical analyses. S, number of species; N, number of individuals. Green circles represent 250 m, brown circles represent 500 m, and blue circles represent 1,500 m distances from beehives. Chi-square values are presented in black inside figures, ***P < 0.001, **P < 0.01, NS denotes not significant.



TABLE 1. The effect of years, sites, and distances on honeybee, small bees, and large bees, respectively, on endangered species (relative proportion found in each sampling data) using each species group as a response variable and the sites, years, and distances as explanatory variables.

[image: Table 1]
 The canonical correspondence analyses revealed again high species richness variation between years when sites were considered as grouping factors (Figure 5A) but also when distances from beehives were considered as grouping factors (Figure 5B). In both cases, year effect determined 30% species distributions, while site effect was only representative at 20%.
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FIGURE 5. The canonical correspondence analyses to test the species overlap between sites and years, where sites and years were used as components and species densities as variables. (A) species composition by sites; (B) species composition by distances from beehives. Green color represents site A, blue represents site V, and red represents site F panel in (A), while the green color represents 250 m, blue represents 500 m, and red 1,500 m distances from beehives in panel (B).




DISCUSSION

Altogether no general trend in decrease or increase in wild bee species richness and abundances was detected; however, wild bee abundances increased in 2018 with distances from beehives in all sites. While other similar researches clearly detected the negative influence of honeybees on wild bee species (Mallinger et al., 2017), we cannot conclude such a very clear effect for all distances from beehives (especially when large wild bees are considered). This finding comes partially in concordance with our first hypothesis, such as wild bee species richness increasing with distances from beehives. This was clearly detected in 2018 at site V and less obvious in sites A and F. This can be due to the competition with honeybees; however, the trend has changed in 2019, decreases in abundances in sites A and F were detected with distances, and no changes in site V observed. The rapid change in the first year of contact with honeybees was observed, and the change in species diversity and community structure of wild bees (mostly small bee species) was detected. This new community structure in the next year was less sensible to the honeybees, and the effect with distances was not significant. This can be because European wild bee communities are more tolerant to honeybees, because A. mellifera is native in Eurasia. Even if no previous interactions were reported (in two of our sites), still the habitat and floral diversity may have delaying effects on competition. The long-term presence of honeybees in other habitats (our F site) has no significant negative effect in all cases on wild bee populations as niche overlap is not a forcing effect for food competition (Paini, 2004; Habel et al., 2019).

Considering separately large and small bee species richness, a significant decay in species numbers can be detected only at small bee species but not at large ones. However, in the control area, we examined that (site F), where 60 families of honeybees have been regularly displaced during the season, the number of bumblebees was 70 and 48% lower in 2018 and 2019, respectively, compared to the other two study areas. In light of this research, it is possible that the long-term presence of the honeybee hive at the control site (site F) led to a decreased abundance of bumblebees. Generalist bees tend to be more significantly affected by honeybees than oligolectic bees (Wojcik et al., 2018). Thus, honeybees, which have been present in area F for a long time and in smaller numbers, were more likely to have a greater effect on bumblebees, reducing their numbers (Thomson, 2004) and causing bumblebees to avoid foraging areas where the numbers of honeybees were high, and thus, the lack of food sources or interference is also significant (Rogers et al., 2013). Other studies suggest that bumblebees are forced to select suboptimal foraging areas to avoid honeybees (Walther-Hellwig et al., 2006). In addition to the short-term and direct competitive effects mentioned above, competition with honeybees may have the long-term, multiyear effects on the bumblebee community through body size reduction and consequent changes in fecundity. Such an effect can be, for example, a slowing of the weight gain of the bumblebee colony and a decrease in the body size of queens and workers (Elbgami et al., 2014). Body size plays an important role in winter hibernation in bumblebee queens, so a decrease in body size can also lead to a decrease in reproductive capacity in the long run (Elbgami et al., 2014).

In addition to the decline in species number of small bees, a high exchange in species richness composition has been observed, and differences in species richness and diversity can also be detected from one year to another. This may be due to the competition, but the confirmation of this would require further research. However, in the case of small bees, even if their numbers have not decreased near apiaries, low levels of nectar and pollen can have a negative effect. Hudewenz and Klein (2015) found that the growth of Osmia bicornis was reduced in the presence of honeybees. The adult body size is directly determined by the amount of pollen and nectar consumed by the larva (Bosch, 2008). Smaller offsprings are more likely to die during development (Bosch, 2008) and wintering (Bosch and Kemp, 2002), and smaller individuals are less likely to find a nesting site (Bosch and Vicens, 2006). Low levels of food sources can also increase the number of parasites in the nest (Goodell, 2003), as females spend more time obtaining food and therefore leave nests unattended for longer periods of time (Seidelmann, 2006).

In contrast, smaller bee species require less energy to fly and maintain nesting sites (Heinrich, 1975). In addition, they require less pollen and nectar to raise offspring (Müller et al., 2019). In areas where there are large apiaries, the amount of pollen and nectar may be sufficient for small bees but not sufficient for larger species, so these are forced to look for sufficient food somewhere further away or to broaden their food spectrum to other plants (Greenleaf et al., 2007; Guedot et al., 2009), and thus, the wild bee community structure and species composition may change near the hives.

Other studies that are examining competition as a function of honeybee abundance found that competition was strongest near honeybees (usually within 800 m). Less or no effect was observed with increasing distance, suggesting that the effect of honeybees may be local (Steffan-Dewenter and Kuhn, 2003; Thomson, 2004; Walther-Hellwig et al., 2006). In this study, we did not find significant effects on abundance or species richness as a function of distance. The degree of competition and thus its direct effects may depend on the availability of resources, with significant impacts occurring only where resources are scarce, such as in the homogeneous agricultural intensification landscapes. However, competition can have less effect when abundant resources are available or when we study heterogeneous landscapes (Thomson, 2006; Herbertsson et al., 2016; Lindström et al., 2016). In addition to the heterogeneity of the landscape, the Apiary Influence Range (AIR) can vary seasonally depending on the amount of the flowering plants in the area (Couvillon et al., 2014). Our study areas are characterized by high heterogeneity, and due to the extensive pasture and meadow farming, the naturalness and plant species richness of the areas are quite high (Babai and Molnár, 2014). Probably due to this, the direct short-term effects (i.e., variations from one year to another) of the competition (i.e., a decline in abundance and species richness) are not noticeable in the results of our studies. Also, no differences in abundances and diversity can be detected in 2018, comparing data prior to and after hive placement. Nevertheless, it is important to know that the mass presence of honeybees may have not only the short-term effects on wild bees: through offspring body size (Henry and Rodet, 2020) and reducing fecundity (Hudewenz and Klein, 2015), possible food shortages may have the long-term negative effects on populations (similar to large bees, refer to the abovementioned contents).

In general, the effects of honeybees on wild bees are measured through which diversity and community structure from one year to another can be considered drastic (i.e., diversity values changed 63–67% between years depending on the site). In contrast, the honeybee can be considered native to the studied areas, so the community structure of the wild bees at the study sites probably was less sensible to the honeybee invasion. It may also be important that the relatively small number of bee colonies deployed for the experiments may not have been sufficient to exert a truly significant competitive effect. Some studies suggest that small apiaries have virtually no effect (Henry and Rodet, 2020) or may develop a much less competitive situation (Requier et al., 2017). In such circumstances, the impact of honeybees on the wild bee community would probably be observed only in long term in such areas, so the long-term monitoring of the wild bee communities would be essential, even if only the 2-year assessments were allowed in these protected areas. It would also be important to examine whether the deployment of larger apiaries (100–200 families) has similarly mild consequences. Such studies could potentially determine the approximate amount of honeybee load in nature reserves that can still be tolerated by wild bee communities.
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