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Summary
Insect pollinators supply an ecological service to crops and flowering plants by pollinating a diversity of wild plants and increasing the size and quality of harvest in agriculture production (Allen-Wardell et al. 1998; Delaplane and Mayer 2000; Fontaine et al. 2006). Despite the honeybee’s effectiveness as a pollinator for many crops, the risks associated with reliance on a single managed pollinator species have become evident over the past decades as North American honeybee populations have declined by 25% due to the parasitic mite Varroa destructor, Colony Collapse Disorder, farming intensification, habitat fragmentation, habitat loss, and agrochemicals (Steffan-Dewenter et al. 2002; Tylianakis et al. 2005; Biesmeijer et al. 2006; National Research Council 2006; vanEngelsdorp et al. 2009). Though cotton, rice, and soybeans are considered autogamy (self-pollinating), cross-breeding (via pollinators) helps increase yield, produce more viable seed, and enhance genetic diversity of the crop (Kremen et al. 2002; Pu et al. 2014).
Emergent wetlands occur adjacent to croplands throughout the Southeastern United States and create valuable floral resources for pollinators throughout the growing season. Some of these emergent wetlands on public lands are actively managed for annual plants that produce abundant seed resources for migratory waterfowl while some emergent wetlands are more passively (less frequently or less intensely) managed for perennial plants. Pollinator communities that use emergent wetlands have been poorly documented and their benefits to plant communities on surrounding lands are not fully understood.
Project objectives
· Compare pollinator communities between managed emergent wetlands and adjacent croplands,
· Assess impact of management strategies on pollinator species abundance and diversity, and
· Document whether pollinator visiting flowers in wetlands are also visiting flowers in adjacent croplands.
Materials and methods
STUDY AREA
I conducted this study in the lower Mississippi Alluvial Valley (LMAV) of Arkansas (Fig. 1). The LMAV is bounded on the southwest by the West Gulf Coastal Plain and Ouachita Mountains, on the northwest by the Ozark Mountains, and on the east by the Mississippi River. The LMAV of Arkansas is a result of large rivers forming the character of the land. The Arkansas River, White River, St. Francis River, Black River, Cache River, L’Anguille River, and Mississippi River have flown through this region, cutting away older deposits and building up deposits of sand, gravel, and clay (Crow 1974). The soils in the LMAV of Arkansas are mainly comprised of clay, sand, and loess, but change with increasing distance from rivers. Historically the LMAV of Arkansas was comprised of vast wetlands in the floodplains and prairies between the floodplains (Branner 1908; Foti 2001). I argue that these prairies were wet prairies based on hydric soil characteristics found there (Branner 1908). The elevation of the LMAV varies by ~46 m throughout the entire 402 km length of the LMAV in Arkansas (Crow 1974). The region is now dominated by ~61% agriculture (soybean, rice, corn, sorghum, and cotton) with fragments of remnant emergent (1%) and bottomland hardwood (17%) forest (King et al. 2006; USDA-NASS 2016). The LMAV averages 118-134 cm of rainfall annually with an average of 35 cm of rainfall between June-September (Scott et al. 1998). 
I surveyed palustrine emergent wetlands and their adjacent soybean fields in Monroe and Woodruff counties of Arkansas (Fig. 1). All of the emergent wetland sites I surveyed were in row crops before being converted back into emergent wetlands. Most of the sites I surveyed were impounded and were either being reestablished to functioning emergent wetlands through the agricultural conservation easement program (ACEP), previously known and hereafter referred to as the Wetland Reserve Program (WRP), or were reverting back to emergent wetlands through natural succession. Palustrine emergent wetlands are classified as areas <8 ha in size, lacking active wave-formed or bedrock shoreline features, water depth in the deepest part of the basin <2.5 m at low water, and salinity due to ocean-derived salts less than 0.5 ppt (Cowardin et al. 1979). All wetland sites surveyed had not been manipulated during the last 5 years. These emergent wetlands were allowed to naturally evaporate through the growing season which retained soil moisture, and provided a longer flowering period for hydrophytic plants such as Hydrolea uniflora and Ludwigia peploides ssp. glabrescens. Reduced disturbance (e.g. disking, mowing, burning) also sustained floral availability on these emergent wetlands through the growing season for bees. Wetland sites used included one Natural Area (NA) managed by the Arkansas Natural Heritage Commission (ANHC), and three private lands (Table 1), and ranged in size from 3.6 - 11 ha. Soybean fields included four private lands adjacent to emergent wetlands previously mentioned (Table 1), and ranged in size from 4.8 - 25 ha. All study site pairs were >2 km apart to reduce the chance of bees moving among sites (Araujo et al. 2004). 
METHODS
In 2016, I sampled 4 paired emergent wetland and soybean sites. Sampling took place during 2 soybean reproductive stages: reproductive stage 1 (R1) and reproductive stage 2 (R2). R1 is a soybean plant having at least one flower appearing on any node on the main stem, whereas R 2 is a soybean plant having multiple flowers on the main steam with at least one flower open at one of the two uppermost main-stem nodes (McWilliams et al. 2009). Emergent wetland sites and their adjacent soybean field were sampled on the same day, except for the Hallum field site during the first collection period. Hallum’s emergent wetland was sampled on 2 August and the adjacent R1 soybean field was sampled on 5 August. I sampled bees on 20 June and 28 June (Benson Creek NA), 13 July and 20 July (Gin), 1 August and 8 August (Gumbo), and 2/5 August and 9 August (Hallum).
I collected bees using pan traps (Fig. 2; Droege et al. 2009; Kirk 1984; Leong and Thorp 1999), blue-vane traps (Kimoto et al. 2012; Stephen and Rao 2005), and sweep nets (Roulston et al. 2007; Stephen and Rao 2007). Pan trapping was used because it is known to attract smaller bodied bees and avoids the need for skilled collectors (Cane et al. 2000; Westphal et al. 2008). Blue-vane traps were used to collect medium to large bodied bees (Geroff et al. 2014) and sweep nets were used to collect bees that might not be represented in either pan or blue-vane traps (Cane et al. 2000;Stephen and Rao 2007). I captured bees by placing 10 pan trap stations throughout passively managed emergent wetlands along a permanent transect with a random starting location, a set interval of ~20m between stations, while following an opportunistic path avoiding open water. Ten pan trap stations were used in the adjacent soybean fields. Pan trap stations in soybean fields were arranged in a rectangular block, perpendicular to the adjacent wetland with a 50 m buffer between the wetland/soybean interface. Pan trap stations were placed along two parallel transects that were 30 meters apart. Individual pan trap stations were placed 25 meters apart, extending 100 meters into soybean fields (Fig. 3), thus the furthest pan trap was 150 m from the wetland edge. Pan trap station platforms held 3, 266 mL cups (Solo, Lake Forest, IL) that were painted either fluorescent blue, fluorescent yellow, or white (Guerra Paint and Pigment Corp., New York, NY; Krylon CoverMaxx, Cleveland, OH). These cups were filled ¾ full with a soapy water (Dawn Ultra – Original Scent, Cincinnati, OH ) mixed daily to capture visiting bees. Pan trap platforms were adjusted to the average vegetation height surrounding the platform at every collection point in passively managed emergent wetlands and were placed at flowering height in soybean fields. The pan traps were set out between 0700-900 hrs and were picked up the same day between 1800-2000 hrs. Samples were combined at each pan trap station and strained using an 180μm sieve to isolate the insects from the soapy water mix. The sample was then transferred to a Whirl-Pak (Nasco, Fort Atkinson, WI) in 70% ethanol for storage. Thus there were 10 Whirl-Pak bags from the 10 pan trap stations at a given site. I used one blue-vane trap (1.89 L. jar) per passively managed emergent wetland suspended from a shepherds hook pole, with the bottom of the trap ~ 1 m above the ground (Kimoto et al. 2012; Stephen and Rao 2005). I used three blue vane traps (1.89 L. jar) per soybean field placed at 0 m, 50 m, and 100 m directly between the two parallel transects. The blue-vane traps were filled with ~475 ml of the same soapy mix as the pan traps. These blue-vane traps were placed and collected on the same schedule as the pan traps. Samples were also strained using a 180 μm sieve and were placed in a Whirl-Pak in 70% ethanol for storage. The blue vane traps were positioned in a location that was visible across the entire field site. These blue-vane traps were placed and collected on the same schedule as the pan traps. Samples were also strained using a sieve and were placed in a Whirl-Pak in 70% ethanol for storage. I used sweep netting to sample for bees that were not attracted to the pan trap or the blue-vane trap. In passively managed emergent wetlands, I conducted 5 random transects of 50 sweeps apiece totaling 250 sweeps. These sweeps were conducted in different vegetation types at each site to capture bees that may prefer particular vegetation. In soybean fields, I conducted four random transects of 62-63 sweeps apiece totaling 250 sweeps. These sweeps were conducted perpendicular to the rectangular block to not disturb the pan and blue-vane trapping area. These sweeps were collected perpendicular to the 0-25m, 25-50m, 50-75m, and 75-100m pan trap stations. Sweep netting was conducted between 0900-1000 hours in passively managed emergent wetlands. Sweep netting was conducted at 0900 and 1200 hrs in soybean fields. All sweep net samples were placed in one gallon Ziploc bags (S.C. Johnson, Racine, WI) and were placed in the freezer until processed. All bees were washed, dried, pinned, and labeled. I identified all bees to species, when possible, or to genus using discoverlife.org (Schuh et al. 2010).  I confirmed identifications with M. Arduser – Missouri Department of Conservation (retired); H. Ikerd – USDA-Agricultural Research Service Pollinating Insect-biology, Management, Systematics Research Unit; T. Griswold – USDA-Agricultural Research Service, Pollinating Insect-biology, Management, Systematics Research Unit; J. S. Ascher – American Museum of Natural History; and K. Parys – USDA-Agricultural Research Service, Southern Insect Management Research Unit.
DATA ANALYSIS 
To estimate probability of detection, species richness, extinction (ϕ), turnover (Г), and colonization between soybean fields and emergent wetland sites, I used the programs SPECRICH (Burnham and Overton 1979; Hines 1996) and COMDYN4 (Nichols et al. 1998). I found that in all cases, the data fit the model (M(h) GOF test, p>0.05 for all tests). Detection probabilities <~80% suggest that raw species counts do not represent the true number of species that occur at those sites (MacKenzie et al. 2002). Hence, if it met the assumptions I relied on estimated species richness values to describe bee communities on both the actively and passively managed sites. To assess community structure I calculated Shannon – Wiener diversity indices for bee communities in both treatment types using H = ∑ - (Pi * ln Pi) for each site over the entire growing season. Evenness was calculated using E = H/ln(S) for each site over the entire growing season where S is the species richness (Elliott 1990). The indices data were then analyzed using a one-way ANOVA with 2 treatment types.  
Research results and discussion
RESULTS
I captured 2,144 individual bees made up of 37 species and 15 genera in soybean fields; 6 (16%) were singletons. I captured 931 individual bees made up of 34 species and 16 genera in adjacent emergent wetlands; 12 (35%) were singletons. The most abundant species collected in soybean fields and emergent wetlands include Augochlorella aurata, Lasioglossum creberrimum, Ptilothrix bombiformis, Melissodes communis, Melissodes comptoides, and Melissodes bimaculata. I found that the probability of detecting a species in soybean fields was 0.92 (95% CI = 0.822-1.00) while detecting a species in adjacent emergent wetlands was 0.87 (95% CI = 0.753-1.00). Because the GOF test indicated the soybean data fit the heterogeneity model (χ² = 3.6, P = 0.06), I used the estimated species richness of 40.5 (95% CI = 37.00-45.00). For the adjacent emergent wetland sites, the GOF test indicated the data fit the heterogeneity model (χ² = 0.077, P = 0.78) so I used the estimated species richness of 39.1 (95% CI = 34.00- 45.14). The 95% confidence intervals for species richness estimates overlapped indicating that both soybean fields and emergent wetlands supported similar species richness. The extinction probability (ϕ) is the proportion of species in actively managed emergent wetlands still present in passively managed emergent wetlands. The species turnover (Г) is the proportion of species in passively managed emergent wetlands still present in actively managed emergent wetlands. I also found that the probability of a species being present in soybean fields also occurring in emergent wetlands extinction probability (ϕ = 0.7681, 95% CI = 0.539658-0.945)1.00) and species turnover (Г = 0.8197, 95% CI = 0.658807-1.00) was high. Colonization is the number of species not present in actively managed emergent wetlands, but present in passively managed emergent wetlands. I found that local colonization was 8.5 (95% CI = 0.0-17.0). Of the 37 species collected in soybean fields, 11 (30%) were unique to soybeans; whereas 8 (24%) of 34 species found in the adjacent emergent wetlands were unique to wetlands (Table 2). Three species; Lasioglossum disparile, Lasioglossum versatum, and Triepeolus lunatus, were only captured in soybeans fields throughout the entire study (Chapter 1).

One of the passively managed emergent sites (Gumbo) had the lowest Shannon-Wiener diversity index (H = 0.347 in soybeans and H = 0.976 in emergent wetlands) and the lowest evenness (J = 0.12 in soybeans and J = 0.345 in emergent wetlands) of all the sites. The average Shannon-Wiener index was 1.688 (95% CI = 0.731- 2.646) for soybeans whereas the average Shannon-Wiener index was 1.74 (95% CI =1.042 – 2.437) for emergent wetlands. There was no difference in diversity between treatment types (F 1,7 = 0.007, p = 0.94). Species evenness of soybeans on average was 0.54 (95% CI = 0.225 – 0.855) and emergent wetlands on average was 0.59 (95% CI = 0.385 – 0.797). There was no difference in evenness between treatment types (F 1,7 = 0.071; p = 0.8). I documented higher abundances of bees in soybean fields (2,144) during bloom than their adjacent emergent wetlands (931).
Mean abundance of bees captured by pan traps, blue vane traps, and sweep net transects were not statistically different (Fig. 4, 5, 6) at varying distances into soybean fields at R1 and R2 reproductive stages. The variation around the means was high due to the differing individuals captured at each site and should be considered. I detected bees moving up to 150 m into the soybean fields beyond the wetland edge. Per trap type, the most bees were captured in pan traps (1,785 individuals, 31 species), blue vane traps (294 individuals, 26 species), and sweep nets (65 individuals, 11 species) in soybean fields (Table 2).

DISCUSSION
Farm bill programs like the Wetland Reserve Program have the capacity to create source populations of bee diversity in a mosaic of agriculture wetland interfaces. These emergent wetlands are rare across the landscape, but have survived in large part due to easement programs through the Farm Bill. Palustrine emergent wetlands provide sufficient habitat to support a sustainable native bee community in the present of anthropogenic disturbance while providing ecological services to the surrounding plant communities including agricultural fields. Solitary bees were documented in emergent wetlands at lower quantities than in adjacent soybean fields during the same collection timeframe indicating a movement from the emergent wetlands into the soybean fields. Although bee abundances collected were not significantly different, I would argue that bees were taking advantage of the supplemental resource soybeans flowers provide during bloom. The lack of usable habitat in agricultural areas has prompted the creation of other easement programs (e.g. CP-42) and university extension example plots demonstrating the benefit of providing pollinator habitat adjacent and within agricultural production. These ecological services are important to the farming community and are slowly being incorporated into agricultural practices.
Pollinators have been documented across a range of habitat types traveling between natural areas and managed agricultural fields (Garibaldi et al. 2011). Erickson et al. (1978) found that soybean yields were significantly higher at distances up to 100 m from the A. mellifera apiaries than at greater distances into fields. I documented solitary bees 150 m into soybean fields with higher abundances that non-native honey bees. Honey bees are known for their abilities to travel great distances (17 km) to forage and also as local pollinators, but their native bee counterparts are often over looked and understudied. Garibaldi et al. (2013) found that visitation by wild insects and honey bees promoted fruit set independently, thus honey bees are supplementing pollination instead of substituting for native bees. This reiterates the importance of maintaining our native bee populations through management and restoration of natural areas.
Honey bees are also known to exploit floral resources that native bees need for survival. Though more honey bees in the environment would seem to increase pollination events, Garibaldi et al. (2013) found that an increase in wild insect visitation enhanced fruit set by twice as much as an equivalent increase in honey bee visitation. Also, honey bees do not tend to forage for long periods of time per foraging event. Mattu et al. (2012) recorded honey bees foraging on apple blossoms for 12.15-16.13 minutes per foraging event. Whereas Ordway (1966) observed Augochlorella aurata, a common eusocial bee found at all of my study sites, foraged for a minimum of 20 minutes and on average foraged for an hour before returning to their nest. This highlights the impact solitary bees have on cross-pollinating agricultural crops and in particular soybeans. Gill (2015) collected bees from soybean fields in Iowa during bloom and captured 50 species predominately in pan traps, as in this study. Gill (2015) also reported of the bees with pollen present, 38% contained soybean pollen alone or intermixed with other pollen grains.
I believe these restored emergent wetlands serve as a refuge for sensitive invertebrate communities from anthropogenic disturbances, while promoting groundwater recharge, soil retention, and providing habitat to a range of flora and fauna. These conservation easements also provide a “free source” of pollinators to surrounding croplands by promoting native bee habitat and biodiversity. These semi-natural habitats can also provide a source of non-bee pollinators that apiaries cannot. Radar et al. (2016) found that non-bees increased fruit set independently of bee visitations and performed 25-50% of the total crop flower visits. Native bees harbored in emergent wetlands and other semi-natural habitats can serve as insurance against the loss of non-native honey bees (Winfree et al. 2007).  These data should also serve as a pilot study for future projects examining how native pollinators from wetlands impact adjacent soybean and other agriculture production. Future studies should also examine maximum flight distances of solitary bees into croplands from adjacent semi-natural patches.
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Project outcomes
Impacts
I collected 1,746 individual bees during the 2015 field season. Species richness did not vary across the growing season in either actively or passively managed wetlands (Figs. 2, 3). Actively managed sites did not show higher total species richness than passively managed sites. These results represent half of the samples collected at each site. Cropland samples are still being processed. The data from the completion of this project will help fill the knowledge gap of bee communities in this region and that use wetlands, while also providing useful information on how land managers can promote particular floral resources that are beneficial to pollinators. 
Accomplishments
First, I will mention that two grants were obtained that will allow us to hire a technician next field season. I intend to survey May –September, 2016. The large number of bees collected in 2015 and the time necessary to process these samples is a concern. I plan to reduce our sampling effort per site next year; however, I would like to include more sites to get a better handle on among site variation in bee diversity. By hiring a technician next field season, I should make the change in sampling more effective and efficient. Finally, next summer, I intend to process the samples when collected.
