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From Bees to Flies: Global Shift in Pollinator Communities Along Elevation Gradients
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Bees decrease in abundance and richness along elevation gradients, while flies replace bees as the dominant flower visitors in higher elevation systems. We reviewed the existing literature to determine if this global phenomenon of pollinator communities switching from bees to flies occurs at the same place along a temperature gradient. Here we examined five studies that have documented this bee-to-fly transition in the North America, South America, Europe & Australia. We determined where the bee-to-fly transition occurred along a temperature/elevation gradient for each study that ranged from 1.1 to 8.3°C. We found that pollinator communities shifted from bee dominated to fly dominated communities between 4.9 and 5.7°C on all elevation gradients worldwide. This shift in pollinators could substantially impact ecological systems reliant on fly pollination as temperatures continue to warm.
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INTRODUCTION

The rapid warming of the earth's atmosphere will likely change the makeup of all current ecosystems (IPCC, 2007). With the increase in temperature, ecological communities have started to change and are predicted to change even more in the coming years. Climate change, including warming temperatures, have already been documented to alter the fitness and range of species and therefore effecting community dynamics within an ecosystem (Gilman et al., 2010). Tree communities in the eastern United States have been shown to have a drastic reduction for some species; still, an increased species richness in other areas, leading to more resource competition between species in areas where new or introduced species establish (Iverson and Prasad, 2001). Species in high elevation environments might be the most susceptible to changes in community dynamics due to their isolated nature (Klanderud, 2005). Pollinators have an added stressor of climate change due to their strong biotic associations. It is predicted, while pollinator communities are likely to be buffered from phenological mismatch (i.e., plants and their pollinators responding to different climate signals), individual plant-pollinator interactions will vary widely (Hegland et al., 2009). Additionally, pollinators may be able to migrate north in latitude or altitude faster than their host plants creating another spatial mismatch between plants and their pollinators (Hegland et al., 2009). To understand how pollinator communities may respond to warming temperature, we need to assess the direct effects of warming temperature and indirect effect (i.e., phenological mismatch and nesting resources availability).

Along elevation gradients, pollinator communities change from bee dominated to fly dominated communities (i.e., the bee-to-fly transition). This fundamental observation is documented at a number of sites around the world where flies replace bees as the primary flower-visitor in high elevation environments (Arroyo et al., 1982; McCall, 1986; Kearns, 1992; Primack and Inouye, 1993; Lefebvre et al., 2018; McCabe et al., 2019b). Kearns (1992) suggested that this transition with increasing elevation was due to bees decreasing, while flies were not decreasing; therefore, they were able to occupy niche space that wasn't available at lower elevations. Inouye and Pike (1988) found that in Australia's snowy mountains, where bumblebees are not found, flies continued to increase along the elevation gradient while other orders declined. However, in the Rocky Mountains, bees do not decline as rapidly due primarily to the presence of 29 bumblebee species that exist at higher elevations (Inouye and Pike, 1988). It is possible that the decline in bee species and an increase in fly species along elevation gradients could be driven by temperature changes as elevation increases. Flies are known to increase in cold arctic environments, while other insect species declined (Strathdee and Bale, 1998). The increase in precipitation along an elevation gradient may also provide a more conducive habitat for flies than bees because many fly larval develop in moist or semi-aquatic/aquatic environments (McCabe et al., 2019a). Flies are typically thought of as less efficient pollinators than bees but can make up for the lack of efficiency by higher visitation rates (Kearns, 1992; Larson et al., 2001; Raguso, 2020). While bees primarily collect pollen for their larval brood, flies do not forage for their offspring; thus bees generally have a much stronger relationship with their floral hosts. There is evidence that bees are less common even at high elevations but still more important pollinators than flies (Bischoff et al., 2013). We examined five studies that have documented this bee-to-fly transition hypothesis in the North America, South America, Europe & Australia. For each study, we determined where the bee-to-fly transition occurred along a temperature gradient between different geographical locations. This is the first review we are aware of that asks if this transition is a global phenomenon. It raises a number of questions regarding the drivers of this pattern and the implications of bee-to-fly transitions with regard to plant-pollinator relationships and angiosperm reproductive strategies.



METHODS

We queried Google Scholar for published studies that examined the change in pollinator communities along an elevation or altitude gradient. The initial search was conducted in March 2014 and then again in December 2019 using the following search terms (bee or bees or Apoideae or Apocrita or Anthophila) OR (fly or flies or Diptera) OR (Pollinator*) AND (elevation gradient OR altitudinal gradient). Our criteria for a study to be included in this analysis was (1) must have documented both bee and fly communities along an elevation gradient. (2) Provided the georeferenced locations of their sites or provided the elevation and general locality, and (3) reported the total abundance of both bees and flies or the percent of bees and flies for each location. Our final analysis included five studies that span three continents: North America, South America, Europe & Australia (Arroyo et al., 1982; McCall, 1986; Primack and Inouye, 1993; Lefebvre et al., 2018; McCabe et al., 2019b).

For each study, we extracted the mean annual temperature (MAT) from the provided coordinated for each elevation sampled to corrector for latitudinal variation among locations. Mean annual temperature was extracted from WorldClim (average MAT from 1970 to 2000) data using the raster (Hijmans and van Etten, 2014) and sp (Pebesma and Bivand, 2005) package in R 3.1.2 (RCoreTeam, 2013). We extracted the data using the 30-s resolution. North American records were compared to PRISM data for studies that occurred outside the 30-year average that WorldClim provides to make sure there were not anomalies in the years sampled. We ran a linear regression to test the relationship between the ratio (bee/fly) and temperature. The analysis was run using R 4.0.0 (RCoreTeam, 2013).



RESULTS

Regression analysis showed a significant linear relationship between the bee/fly ratio and mean annual temperature (R2 = 0.763, p < 0.001). Linear fit indicated the switch from bee dominated communities to fly-dominated communities occurred at 5.28°C. In each of these studies, the pollinator community was shown to switch from bee dominated communities at lower elevations to fly dominated communities at higher elevations. The transition from bee to fly communities is documented between 4.9 and 5.7°C for each study in this analysis; below 4.9°C, the communities were fly dominated, and above 5.7°C, the pollinator communities were bee dominated (Figure 1). This pattern is consistent for all studies examined in the North America, South America, Europe & Australia.
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FIGURE 1. Bee-to-fly transition in abundance along a temperature/elevation gradient. Temperature based on elevation with latitudinal correction. Insects are represented as the proportion abundance of all bees to all flies collected. The elevation range for these studies was 600–3,600 meters in the Andes, Chile (Arroyo et al., 1982), Canterbury, New Zealand (Primack, 1983), Snowy Mountain, Australia (Inouye and Pike, 1988), Southern Alps France (Lefebvre et al., 2018), and San Francisco Peaks, AZ, USA (McCabe et al., 2019b).


These five studies examined this change in community composition between 600 and 3,600-meter along the elevation gradient. Two of the five studies had high, low, and midpoint(s) sampling, while the other three studies only had high and low points. Elevation ranged between 600 and 2,200 m for the low site and 1,922 and 3,600 m for the high elevation sites. Only 2 out of the five studies recorded data from middle elevations studies, ranging between 1,137 and 2,612 m. While elevation varied between studies, mainly due to change in geographical location, the switch from bees to flies remained consistent at a narrow 1°C change between 5 and 6°C along these elevation gradients. We documented this change looking at abundance data since species richness data was only available for two out of the five studies. Even so, McCabe et al. (2019b) and Lefebvre et al. (2018) both showed the same bee-to-fly transition in abundance and species richness.



DISCUSSION

We found strong relationships for the bee-to-fly transition in these five studies; however, we were only able to examine areas with already documented pollinator diversity looking at both bee and fly abundance. Subsequently, only one study examined other insects outside of bees and flies to see if the pollinator communities shifted to another taxa; Lefebvre et al. (2018) still documented fly-dominated communities at high elevations, even when assessing bees, butterflies, beetles, and flies. The San Francisco Peaks, AZ, also showed a lack of other dominant insect pollinators along that elevation gradient (McCabe unpublished data). As elevation increases, temperature decreases, and precipitation increases. This combination leads to a change in vegetation type and therefore influences the change in pollinator communities. Tree canopy cover may be influencing the change in community composition along elevation gradients. McCabe et al. (2019b) observed that when canopy cover is not present, the shift from bee-dominated to fly-dominated communities occurs higher in elevation. High humidity is also shown to change the abundance and diversity of bee and fly communities (Giannini et al., 2012). While we use temperature as our metric to account for a change in elevation due to geographical location, it is likely that a combination of factors is influencing this shift in pollinator communities.

While many of these studies examine the area where this transition would likely shift, we could not examine extreme environments (i.e., hot environments nor cool alpine environments). None of the five studies that documented the bee-to-fly transition occurred in warmer environments than 8°C; we assume that temperatures above 8°C still bee dominant since pollinator communities are bee dominated in warm, arid environments (Danforth et al., 2019; Orr et al., 2020). Additionally, only one study examined these patterns above treeline to see if flies indeed remain the dominant pollinator. Their findings were consistent with this trend (Lefebvre et al., 2018). All studies we are aware of have shown that flies are more prevalent in abundance, diversity, or both, while all studies at lower elevations have shown that bees dominate. Although these studies did not directly compare bees and flies along an elevation gradient, they are consistent with the results reported in our mini-review (Ssymank and Kearns, 2009; Lefebvre et al., 2014; Inouye, 2020).

The shift in dominant pollinator communities may have ecological implications that have not been considered. Although high elevation communities being fly dominated, flies may not be the most important pollinators in this ecosystem. Many studies have shown that flies, although frequent flower visitors, do not collect the pollen needed to pollinate flowers (Bischoff et al., 2013). Bischoff et al. (2013) found that in the New Zealand alpine that bees visited flowers less frequently than flies in the same community; however, the bees were doing most of the pollination. Additionally, in high elevation systems, flowers can be resorting to self-pollination rather than insect pollination due to the decrease in available insect pollinators (Berry and Calvo, 1989; Totland and Sottocornola, 2001). It is likely that some high elevation plants communities have adapted reproductive strategies that do not use insect pollinators (i.e., self or wind pollination). This change in pollinator communities along elevation could be driving changes in floral communities as well. Shrestha et al. (2001) showed that bumblebee pollination in high elevation environments influenced flower color signaling. Additionally, with increased climate warming, it is likely that communities will significantly shift in how pollinator communities are currently structured. Fly pollinators overall are likely to experience a reduction in range and response to warming temperatures and drying environments (Larson et al., 2001). Bees, however, could expand their range if the temperature is the main driving factor. All bees, however, may not respond the same way to warming temperatures. High elevation and cold adapted species such as bumble bees may have a much harder time adapting to warming temperatures (Biella et al., 2017). Given the strong biotic association, bees have with plants, it is unlikely that the change in temperature will be the only driving factor in the expansion or contraction of their range.

Despite the limited studies that have examined this phenomenon, we were able to document the general shift in bee to fly pollinators along an elevation gradient when mean annual temperatures are between 5 and 6°C. Although this pattern holds true for all studies, those studies where only two sampling points exists, they could only show a linear relationship due to the nature of only having two points. As the earth continues to warm, whole pollinator communities are likely to shift, extending the usable range for bee species but limiting the suitable habitat available for fly pollinators. With the expected warming temperatures to be between 2 and 4°C by 2,080, it is possible for this transition to shift up in elevation by 200–400 meters. High elevation habitats and sharp gradients make mountain ecosystems vulnerable to slight changes in temperatures and extreme precipitation events (Kupfer and Cairns, 1996; Diaz et al., 2003). Many populations of both plants and insects will likely move up in elevation rather than migrate to more northern latitudes (Rosenzweig et al., 2008). Species restricted to mountain tops (cold-adapted species), specialized to host plants, and dependent on biotic nesting resources are likely the most vulnerable to climate change. Elevation gradients act as great proxies to test climate change implications because we can replace time for space (Blois et al., 2013). This pattern of bees-to-flies along elevation gradients suggests that there may be a temperature limiting factor for bees in high elevation habitats. It is unknown how the influx of bee species to higher elevations would impact fly communities.
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