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Spring is an essential time for honey bee foraging in temperate climates. This is a period of increased brood rearing supporting colony growth and demands access to high-quality pollen and nectar resources. With the expansion of urban and agricultural landscapes, the availability of pollen and nectar producing flowers is declining in many areas. We aim to determine how patterns of spring pollen and nectar foraging differ between colonies surrounded by varying degrees of urban and agricultural intensity, as well as to assess the potential for nectar sampling to serve as a proxy for pollen collection. Thirteen apiaries in Central Ohio, along a gradient of urban and agricultural intensity, were monitored in spring of 2019 through the periodic collection of pollen and nectar samples and continuous colony weight monitoring. We found that spring honey bees in urban and agricultural areas gain comparable amounts of weight and use similar spring resources. Foraging was heavily focused on flowering trees and shrubs including Malus (apple), Salix (willow), and Prunus (cherry), until the beginning of clover bloom (Trifolium spp.). We also identified differences in pollen and nectar foraging within colonies, with nectar containing fewer species collected more evenly than matched pollen samples. These results demonstrate that honey bees in both agricultural and urban environments exhibit similar foraging patterns during the spring, and that plant species important for nectar collection are substantially different from plants important for pollen foraging, though limitations in nectar collection hinder our ability to draw definitive comparisons of pollen and nectar foraging in this region.
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INTRODUCTION

Spring is an important time for honey bee foraging in temperate climates, as colonies rebuild food stores following winter to support brood production and increase the colony population. Large quantities of pollen are required to support the heightened brood rearing in spring [Free (1967); Crailsheim et al. (1992)], and activities including flight, wax production, and thermoregulation are fueled by the consumption of nectar (Haydak, 1970). Foragers' ability to exploit spring resources sets the colony up for success or failure later in the season (Mattila and Otis, 2006; Jevtić et al., 2009). Therefore, abundant flowers producing pollen and nectar must be available in the surrounding landscape to fulfill these needs.

Pollen and nectar quality vary with floral origin (Waller, 1972; Sommerville, 2001; Nicolson and Thornburg, 2007; Liolios et al., 2015). Pollen protein content ranges from 2 to 60% (T'ai and Cane, 2000), and the quantity of protein consumed impacts colony growth, performance, and worker physiological development (McCaughey et al., 1980; Amdam and Omholt, 2002; Zheng et al., 2014; Liolios et al., 2015). While protein is an important measure of pollen quality, other pollen constituents, including lipids, sterols, and micronutrients, also play a role in foraging choice and honey bee physiology (Requier et al., 2015; Filipiak et al., 2017; Bonoan et al., 2018; Chakrabarti et al., 2020; Crone and Grozinger, 2021). Consumption of high diversity pollen has also been shown to positively impact colony health (Alaux et al., 2010; Di Pasquale et al., 2013), and access to in-season pollen supports physiological development of spring workers (DeGrandi-Hoffman et al., 2018). The sugar content of nectar also varies with floral source, ranging from 10 to 70% by weight, though a concentration of 30–50% is preferred (Waller, 1972; Nicolson and Thornburg, 2007). Nectar foragers make decisions based on nectar sugar content and floral nectar volume (Corbet, 2003; Cnaani et al., 2006; Nicolson, 2011).

In temperate regions, pollen and nectar availability for a honey bee colony depends on the landscape in which it is located. Due to human population growth, urban and agricultural landscapes continue to expand (Veach et al., 2017), reducing natural pollinator forage. This is particularly relevant in the Midwestern United States, as the region undergoes agricultural intensification and reduction in critical natural habitat for pollinators (Otto et al., 2016; Dolezal et al., 2019). As generalist pollinators, honey bees can exploit floral resources within a foraging range as large as 6 km (Visscher and Seeley, 1982). In the spring, high quality forage is more abundant than later in the season in both urban and agricultural landscapes (Couvillon et al., 2014; Garbuzov et al., 2015; Danner et al., 2016).

In the springtime, honey bees in agricultural landscapes forage on wind-pollinated trees for pollen, including Quercus and Acer, trees and shrubs in the Rosaceae which provide both pollen and nectar, and herbaceous plants including Trifolium and Taraxacum (Richardson et al., 2015, 2020). Urban landscapes have markedly greater diversity in potential sources of spring forage, though there is substantial variability (Baldock et al., 2019; Fournier et al., 2020). Flowering trees including Acer, Aesculus, and Tilia provide abundant nectar and high-quality pollen resources to bees in urban landscapes (Somme et al., 2015). Cultivated flowers in gardens and yards also supply resources for urban pollinators (Baldock et al., 2019; Fournier et al., 2020; Tew et al., 2021), as well as common weeds, including Trifolium and Taraxacum (Larson et al., 2014), and flowering plants present in parks and cemeteries, among others (Baldock et al., 2019; Tew et al., 2021).

The aim of this study was to identify the differences in honey bee foraging during the spring in urban and agricultural landscapes around Central Ohio. This agricultural landscape is dominated by row crop agriculture, largely composed of corn and soybeans. Specifically, we aim to identify (1) how spring pollen and nectar foraging changes with increased agricultural intensity and (2) to assess the similarity in matched pollen and nectar samples taken from the same apiaries at the same time. This study also seeks to assess the potential for nectar or honey sampling to serve as a proxy for pollen collection. The possibility of using honey sampling to assess the foraging resources available for honey bees would enable greater participation by volunteer beekeepers, as most beekeepers harvest honey but few engage in pollen trapping. Pollen was collected from apiaries located along a gradient of urban and agricultural intensity in spring 2019 and pollen metabarcoding was used to determine the floral origin of both nectar and pollen. Additionally, continuous colony weight monitoring was used to assess colony growth. As a non-invasive method of data collection, remote weight monitoring allows the observation of within-colony dynamics and provides a view of the phenology of floral availability. We demonstrate that honey bees exhibit similar patterns of floral utilization in both urban and agricultural landscapes, but observed very different patterns in pollen and nectar collection, indicating that nectar sampling cannot be used as a proxy for pollen collection.



METHODS


Study Setup

Thirteen apiaries in central Ohio were studied in 2019 (Figure 1). Agricultural land use for row crops (predominantly corn and soybean) surrounding each study apiary was estimated at a 2 km radius using ArcGIS Pro 2.2.0 (Environmental Systems Research Institute, Redlands, WA, USA), and the USDA Cropland Data Layer (USDA National Agricultural Statistics Service, 2020) (Figure 2). Five apiaries (WB, HR, FSR, EG, LO) were categorized as high agriculture, with >60% crop land within 2 km. Four apiaries (IB, MB, LL, CM) had medium levels of surrounding agriculture, with 30–60%, and four apiaries (MTSO, GA, DS, RB) had low levels of surrounding agriculture, with <30% crop land within 2 km. All apiaries were at least 3 km apart. Five study colonies were placed in each apiary, either overwintered colonies or colonies established from nucleus colonies. Colony management, including varroa mite control (Varroa destructor) and winter feeding followed standard practices for beekeepers in Ohio and was consistent across apiaries.


[image: Figure 1]
FIGURE 1. Study apiaries included in sampling. Red represents apiaries with high surrounding agricultural intensity (>60% within 2 km), yellow indicates apiaries with medium surrounding agriculture (30–60% within 2 km), blue indicates apiaries with low surrounding agriculture (<30% within 2 km).
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FIGURE 2. Proportion of land use types surrounding each apiary at a 2 km radius.




Identification of Floral Resources in Pollen and Nectar Samples

Incoming pollen was trapped from two colonies at each apiary using bottom mounted Sundance pollen traps (Ross Rounds, Albany, NY, USA). Traps were set to collect pollen continuously and pollen was harvested twice per week in April–May of 2019. A total of 167 pollen samples were collected, with thirteen pollen samples collected over this period from each of the thirteen apiaries, except for CM and MTSO, from which twelve samples were collected. Nectar was collected from three colonies at each apiary in May of 2019 by moving a 50 ml conical centrifuge tube across uncapped nectar cells until 30 ml had been collected. Uncapped cells were targeted to increase the likelihood of sampling freshly collected nectar. A total of 37 nectar samples were collected, three from each apiary except for RB and CM, from which two samples were collected. Pollen and nectar samples were stored at −18°C.

Residual pollen was extracted from nectar samples for identification using metabarcoding. First, nectar was warmed and dissolved in water at a 1:1 ratio, which then further diluted in 90% EtOH to create a 1:1:2 ratio of nectar to water to ethanol (Jones and Bryant, 2004). Approximately 19,000 lycopodium spores were added to each tube through a spiked glycerol emulsion, serving as an internal standard (Bryant and Jones, 2001). As a clubmoss, Lycopodium spp. is a plant taxon that would not typically be found in honey bee collected nectar. This method increases the potential quantifiability of pollen metabarcoding analysis. Samples underwent two rounds of centrifugation to create a pellet containing pollen. Each pellet was transferred to a 0.5 mL screw-cap microcentrifuge tube (Fisher Scientific, Hampton, NH, USA) and filled with 0.7 mm zirconia beads (Fisher Scientific, Hampton, NH, USA) and DI water in preparation for bead beating.

Bulk pollen samples were homogenized by adding either 5 g of pollen or the total pollen sample if <5 g to distilled water, achieving a final concentration of 0.25 g/mL pollen. The sample was then agitated with a Burrell Wrist-Action laboratory shaker (Burrell Scientific, LLC, Pittsburgh, PA, USA) to dissolve the pollen balls. An 0.8 mL aliquot of the blended solution was added to a 2 mL screw-cap microcentrifuge tube (Fisher Scientific, Hampton, NH, USA) filled with 0.7 mm zirconia beads (Fisher Scientific, Hampton, NH, USA).

Pollen isolated from nectar and corbicular pollen were then placed in a beadbeater (Mini-BeadBeater-16; BioSpec Products, Bartlesville, OK, USA) and run for 3 min to disrupt the pollen coat and release the DNA. A 3-step method of PCR amplification was used to amplify the two barcoding loci in pollen and nectar samples (Richardson et al., 2015, 2019). Two plant metabarcoding loci, rbcL and ITS2, were used for PCR step 1, with 1 μL of the crude pollen extract serving as the template. In PCR step 2, 1 μL of the PCR1 reaction product was used as the template. This step appended template priming oligos to the first step amplicons. The template for PCR step 3 was 1 μL of the product from PCR2. Primers in this step were modified such that sample indexing and lane hybridization oligos were appended to the PCR2 amplicons. Library quality was verified using gel electrophoresis and an Agilent 4200 TapeStation. Libraries were purified using a SequalPrep Normalization Plate kit (Thermo Fisher Scientific, Waltham, MA, USA) and sequenced on a 15 million reads, 300 base-pair standard Illumina MiSeq Flow Cell at the Molecular and Cellular Imaging Center in Wooster, Ohio.

Each DNA sequence was compared to the NCBI plant reference database for each locus. Sequences were identified to the genus level using the MetaClassifier (Sponsler et al., 2020) pipeline implemented on the Owens cluster at the Ohio Supercomputer Center. Reference databases for rbcL and ITS2, containing plant species known to be present in Ohio or surrounding states (https://plants.sc.egov.usda.gov/) were downloaded from NCBI (retrieved on August 17, 2021) and curated using MetaCurator (Richardson et al., 2020) and Taxonomizr (https://CRAN.R-project.org/package=taxonomizr) to obtain taxonomic information for each plant species. First, paired-end reads were merged and converted to FASTA format. Genus-level taxonomy proportions were then determined for each metabarcoding locus using VSEARCH and median proportions were calculated for each marker. Metabarcoding parameters for alignment were 80% sample coverage and 92.5% sequence identity for ITS2 and 96% sequence identity for rbcL. Only genera detected at 0.01 percent sample proportional abundance were retained for further analysis. Data were visualized using the ggplot2 package in Rstudio (Wickham et al., 2016). Species richness of collected pollen and nectar samples was assessed at the genus level. A Shannon-Wiener diversity analysis of samples collected from each apiary was performed to identify apiary-level differences in pollen and nectar diversity. One-way ANOVA models were fit to identify significant relationships between categorical agricultural intensity around each apiary and genus richness, evenness, and diversity in nectar samples. Two-way ANOVA models were fit to identify significant relationships between pollen sample collection date and genus richness, evenness, and diversity.



Colony Weight Monitoring

Honey bee colony weight was continuously monitored for three colonies in each study apiary over the duration of the foraging season. Broodminder-W multi-load hive scales (Broodminder, Stoughton, Wisconsin, USA) were placed beneath the study colonies in May and remained in place through the spring of 2020. Broodminder scales were aligned with the hive entrance and balanced with an angle iron on the back of the colony. Weight was not tracked in any colony fitted with a pollen trap. Colony weight data were recorded once per hour and stored on the device until downloaded through Bluetooth using the Broodminder app.

Raw hive weight data were downloaded from the Broodminder website and analyzed using the hivescaler package in RStudio (https://github.com/sponslerdb/hivescaler). A detrending method was used to analyze running weight data to visualize weight changes between days. Daily midnight values were first extracted from the data set and used to calculate the weight difference between values of consecutive days. Midnight values were used as foraging has ceased for the day and resources are not entering the hive. Data were cleaned to remove artifacts from the differenced weight values. An artifact, indicating colony manipulation by a beekeeper, is defined in this study as any change in weight larger than 2.3 kg between consecutive midnight readings as it is very rare in this region for colonies to gain this much weight over the course of a day. The cumulative sum of the cleaned differenced weight was calculated to indicate running weight change. The reconstructed weight was then normalized to remove colony-level performance differences to better observe landscape-level trends driving colony weight change. A GAM smoother was fit to the normalized and non-normalized weight curves to visualize colony weight change and global smoothers were fit to the normalized data. One-way ANOVA models were fit to evaluate significant relationships between agricultural intensity around each apiary and normalized and non-normalized weight change.




RESULTS

Sequencing resulted in an average of 164,694 raw reads per pollen sample and an average of 259,780 raw reads per nectar sample. Following sequence alignment, all taxa detected at 1% proportional abundance or greater were included in analyses. Proportional abundance reflects the quantity of a given taxa present within a sample, relative to other detected sample taxa. Sixty-nine genera were detected in pollen samples and 26 genera were detected in nectar samples. Only taxa detected at 5% proportional abundance or greater were included in data visualization to exclude taxa detected in very small quantities.


Nectar

Genus-level richness was highest for nectar samples collected from apiaries in low agricultural landscapes, with 17 genera, and lowest in samples collected from apiaries in medium agricultural intensity, with 15 genera detected. Genus-level sample diversity was highest in samples collected from medium agriculture apiaries and lowest in samples collected from high agriculture apiaries (mean = 2.11, mean = 1.78, STDEV = 0.17). Sample evenness was highest in samples collected from medium agriculture apiaries, and lowest in samples collected from apiaries with high surrounding agriculture (mean = 0.78, mean = 0.64, STDEV = 0.07). Results from a one-way ANOVA indicate that nectar sample richness, evenness, and diversity at the genus-level were not significantly (P > 0.01) associated with percentage agriculture surrounding each apiary. However, Salix (willow), Gleditsia (honey locust), and Trifolium (clover) pollens were detected at >10% proportional abundance in May nectar samples collected from all apiaries. In addition, Pyrus (pear) pollen was a major component of samples collected from apiaries with low surrounding agricultural intensity (Figure 3D).


[image: Figure 3]
FIGURE 3. Proportional abundance of plant taxa detected in samples collected in the spring of 2019. (A) Pollen samples collected weekly from apiaries with a low proportion of surrounding agriculture (RB, DS, GA, MTSO) (>60%) within the surrounding 2 km radius (WB, HR, LO, FSR, EG). (B) Pollen samples collected weekly from apiaries with a medium proportion of surrounding agriculture (30–60%) (MB, IB, CM, LL). (C) Pollen samples collected weekly from apiaries with low surrounding agriculture (<30%) (RB, DS, GA, MTSO). (D) Nectar samples collected in May of 2019 from all study apiaries.




Pollen

Genus-level richness of pollen samples ranged from 15 to 35 genera, with a mean richness of 25.17 (STDEV = 5.78). Genus-level richness was highest in samples collected from May 29 to June 7 and lowest in samples collected from May 22 to 28 (Table 1). Genus-level sample evenness ranged from 0.58 to 0.85, with a mean value of 0.75 (STDEV = 0.08). Genus-level evenness was highest in samples collected from May 1 to 7 and lowest in samples collected from May 29 to June 7. Genus-level diversity ranged from 1.85 to 2.77 with a mean value of 2.41 (STDEV = 0.31). Sample diversity was highest in samples collected from May 8 to 14 and lowest in samples collected from May 22 to 28. May sample richness and diversity were highest in samples collected from high agriculture apiaries and sample evenness was highest in samples collected from apiaries with medium agriculture. Pollen sample evenness and diversity were lowest in samples collected from low agriculture apiaries, and sample richness was equal in samples collected from apiaries with medium and low levels of agriculture. Pollen sample richness, diversity, and evenness at the genus-level were significantly (P < 0.001) associated with week of sample collection.


Table 1. Pollen sample richness, evenness and diversity calculated at the genus-level for different weeks and levels of agricultural intensity.

[image: Table 1]

Pollen samples collected from all apiaries were composed of Malus (apple) at 10% or greater proportional abundance from April 23 to May 7. Samples collected from April 23–30 also included Taraxacum (dandelion) pollen in samples collected from all apiaries, as well as Prunus (cherry) pollen from high and medium agriculture apiaries, and Salix (willow) pollen in samples collected from medium agriculture apiaries. Composition of samples collected from all apiaries shifted to include Salix (willow) as a major component from May 1 to 27. In the week of May 8 to 14 Lonicera (honeysuckle) pollen was detected as a major component of samples collected from apiaries with high surrounding agriculture, and Prunus (cherry) pollen in samples from high and medium agriculture apiaries. Samples collected from May 15 to 21 from apiaries with low surrounding agriculture were largely composed on Gleditsia (honey locust) pollen. Trifolium (clover) pollen became a major component of samples collected from all apiaries from May 15 to the end of the sampling period on June 7. Samples collected from May 22 to 28 included Gleditsia (honey locust) pollen as a major component of samples collected from all apiaries, as well as Rosa (rose) and Toxicodendron (poison ivy) pollen from samples collected from apiaries with high surrounding agriculture. Samples collected from May 29 to June 7 had high abundance of Cornus (dogwood) pollen in apiaries with medium and low surrounding agriculture (Figures 3A–C).

May pollen samples collected from all apiaries had overall higher richness (mean = 25.17, STDEV = 5.78), evenness (mean = 0.75, STDEV = 0.08), and diversity (mean = 2.41, STDEV = 0.31), than May nectar samples (mean = 16, STDEV = 1; mean = 0.7, STDEV = 0.07; mean = 1.93, STDEV = 0.17).



Colony Weight Change

Colonies at all apiaries gained weight consistently from May 1 to June 1 (Figure 4). Percentage agriculture on the landscape surrounding each apiary was not significantly (P > 0.01) associated with normalized or non-normalized colony weight change. An AIC model fit analysis was conducted to compare the fit of models with global smoothers, colony-level smoothers, and global + colony smoothers to normalized weight data from colonies located at all apiaries. Results of this analysis indicate the best fit of a global model to normalized colony weight (Figure 5). Models fit to colonies categorized by agricultural intensity (high, medium, low) indicate best fit of a global model in all cases (Supplementary Table 1).


[image: Figure 4]
FIGURE 4. Colony weight change in May of 2019. Data frames are ordered by degree of agricultural intensity within a 2 km radius [right: High (WB, HR, LO, FSR, EG), center: Medium (MB, IB, CM, LL), left: Low (RB, DS, GA, MTSO)]. Weight is pooled for colonies at apiaries in each category of agricultural intensity. (A) Non-normalized colony weight change indicates colony-level performance differences and influence on colony weight change. (B) Normalized colony weight change allows visualization of landscape-level trends in colony weight.
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FIGURE 5. Global, local, and global + local models were fit to normalized weight data collected from all colonies in May of 2019. (A) A global best fit model of colony weight change per day from May 1 to June 1. (B) Results from an AIC analysis to identify the best fit model.





DISCUSSION

In this study, honey bee colonies in both agricultural and urban environments showed similar colony weight dynamics and foraged on similar flowers for pollen and nectar. This suggests that there may not be an advantage for colonies in either landscape in spring conditions. The weight gain detected in colonies at all apiaries indicates access to sufficient food resources to facilitate springtime colony population growth. Pollen samples collected from all apiaries were composed primarily of woody flowering species including Malus (apple), Salix (willow), and Prunus (cherry) until Trifolium (clover) entered bloom when pollen composition shifted. Similar plant species contributed to collected nectar, though nectar samples contained pollen from a few major taxa represented in relatively even proportions, suggesting that few plants were suitable for nectar foraging.

Woody species, Malus, Prunus, and Salix were detected in pollen samples from agricultural areas and were likely coming from forested woodlots near apiaries and from plant species included in hedgerows (Long and Anderson, 2010; Wratten et al., 2012). These taxa are often found in urban spaces, in addition to agricultural landscapes, explaining their detection in pollen samples collected from apiaries with variable landscape composition. Trifolium, detected heavily in pollen and nectar samples, and Taraxacum, detected in pollen samples, are common forbs often found on roadsides and in ditches, as well as along crop edges. As some areas of the Midwest are undergoing agricultural intensification through the removal of non-crop habitat, the elimination of areas supporting these plants has high potential for negative impacts on insect pollinators, as they serve as important floral resources through the summer and fall (Bretagnolle and Gaba, 2015; Requier et al., 2015; McMinn-Sauder et al., 2020). A similar pattern of eradication exists in urban spaces where Trifolium and Taraxacum are often unwelcome components in lawns (Robbins and Sharp, 2003). Removal of these plants could have detrimental impacts on honey bees in the springtime.

While we found similarities in the composition of pollen and nectar collected by bees in different landscapes, these samples reflect very different foraging patterns for pollen and nectar. Pollen sample richness was greater than that of matched nectar samples. This demonstrates that honey bees are foraging on a greater number of taxa for pollen than nectar in May in this study system, though we must consider that this result may be due in part to the large difference in the number of collected pollen and nectar samples. It is also important to consider that taxonomic biases may be present in nectar samples due to variable pollen quantities that may be collected during nectar foraging (Bryant and Jones, 2001). In addition, taxa detected in nectar samples were found in more even proportions than taxa detected in pollen samples. These results support observations by Coffey and Breen (1997) and Requier et al. (2015), who found that honey bees forage on fewer species for nectar than for pollen.

This result suggests that a few high-quality sources provide much of the nectar for foraging honey bees in the spring in this region. While pollen plays a crucial role in plant reproduction, nectar is an energetically expensive pollination reward (Pyke, 1991; Pacini et al., 2003). It is likely that many plant species with high quality pollen have low quality nectar, either in low volume or low sugar concentration, making these taxa less attractive (Nicolson, 2011; Somme et al., 2015; Tew et al., 2021). In addition, plants that honey bees regularly visit for pollen, including Salix (willow) and Quercus (oak), are wind pollinated and do not produce nectar (Severson and Parry, 1981). The low quality of many nectar sources may cause them to be overlooked in a diverse floral landscape.

In addition, differences in foragers' ability to perceive resource quality may be a factor driving patterns of pollen and nectar foraging. Nectar is collected to fulfill the colony's need for carbohydrates and quality is evaluated by volume and sugar concentration (Corbet, 2003; Cnaani et al., 2006; Nicolson, 2011), with preferences shown to nectars with high quantities of sugar (Roubik and Buchmann, 1984; Nicolson and Thornburg, 2007). This straightforward assessment may result in bees collecting predominantly high-quality nectar. In contrast, pollen, as the source of protein, lipids, amino acids, sterols, and micronutrients, provides an opportunity for foraging honey bees to balance colony needs for these nutrients. Ruedenauer et al. (2021) demonstrated that honey bee foragers have the ability to assess amino acid and fatty acid content in pollens, though they lack the ability to distinguish between pollens with variable sterol composition. In addition, Bonoan et al. (2018) found that honey bees forage to balance the micronutrient content in the colony. These results suggest that honey bees may use pollen foraging decisions to maintain dietary balance, potentially make it advantageous for foragers to collect pollen from many species in lower abundances to maintain balance in the colony.

This difference in pollen and nectar foraging suggests that nectar sampling cannot serve as a representative for honey bee pollen collection. While nectar sampling would likely detect major floral sources that honey bees forage for both pollen and nectar, it is unlikely that many of the lesser pollen components would be detected. In addition, due to the balanced proportions of taxa present in nectar samples, taxa that are foraged for pollen and nectar may be overrepresented in their importance when only analyzing nectar samples. However, it must be noted that our limited nectar sampling hinders the conclusions that can be drawn with these data. Due to the uneven sampling of pollen and nectar, they cannot be definitively compared. Further studies with more extensive nectar sampling are required to draw more concrete comparisons between pollen and nectar foraging habits.

This study demonstrates that bees in urban and agricultural landscapes have similar spring diets. This suggests that the needs of spring bees are similar in Central Ohio, regardless of habitat type and reinforces the importance of ensuring that sufficient floral resources are present in all landscapes to support honey bee colony growth. In addition, we demonstrate that honey bee foraging patterns for spring pollen and nectar are very different, though this conclusion may be due in part to uneven pollen and nectar sampling. The small number of taxa used by honey bees for spring nectar collection highlights the importance of considering floral nectar production when planting for pollinators. Inclusion of high nectar producing taxa, such as flowering trees and weedy herbaceous plants, on all landscapes can ensure that the spring carbohydrate needs of foraging honey bees are being met.
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