Understanding Native Bee Decline

Shalene Jha — University of Texas at Austin. sjha@austin.utexas.edu
December 2012

Introduction

More than 60% of earth’s terrestrial surface is managed by humans as agriculture or urban
areas, (Scialabba and Williamson 2004), yet little is known about how ecological processes in
human-altered landscapes compare with natural landscapes. In particular, pollination is a critical
ecosystem service that is responsible for the increased quantity, quality, and stability of over
60% of world crops (reviewed in Klein et al. 2007) and innumerable wild plant species (Potts et
al. 2010). Despite the undoubted importance of pollinators as ecosystem service providers, a
number of native pollinator communities are exhibiting pronounced declines across the globe.
Though community level studies have revealed a few species-specific declines in human-altered
areas (Larsen et al. 2005), very little is known about population processes and what population
mechanisms may be most affected by land-alteration, often associated with natural habitat
destruction (e.g., Kearns et al. 1998, Biesmeijer et al. 2006, Winfree et al. 2009). While there has
been increasing concern about the status of native pollinator communities, virtually nothing is
known about basic pollinator population dynamics and movement patterns across natural and
human-altered landscapes.

The proposed research examines how fragmentation of native pollinator habitat impacts the
population viability, colony health, and dispersal patterns of native Texas bee species. In the
proposed research, we will compare foraging movement, colonization, and survivorship patterns
of the collected species in natural landscapes and urban landscapes to identify what natural and
human-induced dispersal barriers exist between bee populations across Texas. We utilized
Balcones Canyonlands National Wildlife Refuge as a representative of natural landscape within
the area. Thus, the significance of the research is to provide greater knowledge about the
maintenance of genetic diversity within native bee populations across natural and human-altered
landscapes. The findings will reveal insight into the optimal land management techniques needed
to support essential gene flow processes for native pollinators on the islands and across species
ranges.

Materials and Methods

Field Methods

In order to examine what habitat attributes are most important for colony densities in each
site, we sampled all native pollinator species across a 1km transect within each study site,
including Balcones Canyonlands National Wildlife Refuge. At Balcones, the transect was placed
near FM1174, going from just south of the Doeskin Ranch Visitor area and stretching 1km north,
primarily following the road. We visited the site three times in 2012 (May, June, and July of
2012). Other sites around Austin sampled for this project include Barton Creek Habitat Preserve,
Milton Reimers Ranch Park, Wildflower Center, and Water Quality Protection Lands. We also
sampled at Fort Worth Nature Center & Refuge, Cedar Hill State Park, and 3 Nature
Conservancy sites; Clymer Meadow Preserve, Smiley-Woodfin Native Prairie Grassland, and
Matthews Prairie.



Across each transect, we collected bees via a combination of netting and use of pan traps
(no reproductive queens were sampled) and we stored these specimens in 95% ethanol or frozen
until they could be mounted on pins and identified. Specimens will be used later for molecular
analysis. After identification and analysis, the samples will be placed with the UT Austin
Entomological Collection.

While in the field, we also conducted vegetation surveys (observation-based) and we will
use GIS images to investigate the relationship between native bee nest densities and land
management at varying spatial scales. Pollen was collected from single flowers for use as a
reference for identification of bee pollen balls. We will visit for a second round of sampling in
2013.

Laboratory Methods

Pollen identification:

Pollen loads from worker bees will be identified to the species level whenever possible.
Pollen will undergo acetolysis, which breaks open the pollen grains allowing for more specific
identification, and matched to a pollen reference collection for identification.

DNA analysis:

Using molecular markers (e.g., Stolle et al. 2009), we will screen DNA from select species
to examine colony density patterns across all sites, including Balcones Canyonlands National
Wildlife Preserve (as in Jha and Kremen in review). For social species, colony-mates are sisters
and can be identified as colony-mates with genetic clustering statistics (i.e., Relatedness®,
Goodnight and Queller 1999), revealing the relative number of colonies and colony sizes across
the landscape. For non-social species, genotypes will be used to examine relatedness and shared
ancestry.

As an indicator of colony health, we will measure inbreeding using F-statistics and will
conduct genetic structure analyses to determine deme distribution and reveal distinctions in and
between each Balcones colonization patterns vs. agricultural and urbanized landscape
colonization patterns.

Results

On average, we caught 37 bees per observation period across all of our sites. At Balcones,
we caught 545 bees total during our three visits. We caught 34 bees with nets. The remaining
bees were caught via pan traps. We also collected data on flowering plants and vegetation cover.
The data is currently being processed and will be analyzed this winter.

Discussion

The first component of this research tests the hypothesis that native bee population
densities are limited by the area of natural habitat available (e.g. area of suitable nesting habitat
within the island and within agriculturally-fragmented sites). Floral resource cover has often
been considered to be the most predictive variable for native bee abundance (Westphal et al.
2003). However, without using molecular tools, it has been impossible to tell for social species
whether increased native bee abundance was due to greater colony densities (number of
colonies/area) or greater numbers of workers visiting from a small number of colonies.



Additional studies have indicated that proximity to natural habitat is more important for bees
than the availability of flowering plants because natural habitat provides access to more
consistent floral resources across the entire season (e.g., Jha and Vandermeer 2009, Goulson et
al. 2010, Jha and Kremen in review). Past research utilized molecular tools to show that the area
of oak-woodland and chaparral was the most important factor for predicting bumble bee colony
density (not abundance) within agriculturally-fragmented landscapes in the Central Valley (Jha
and Kremen in review).

The second component of this research project examines bee colony health by measuring
inbreeding. Microsatellite markers are powerful tools to detect population bottlenecks, breeding
patterns, and regional limitations to gene flow across natural and human-altered landscapes (e.g.,
Jha and Dick 2009). These analyses will also reveal distinctions in historic and contemporary
gene flow patterns and will provide insight into the distinct dispersal barriers confronting each
species.

The third component of this research project examines native bee foraging patterns. While
mechanisms driving bee foraging patterns are dependent on both floral resource availability and
habitat composition, the impacts of these factors on bee foraging are rarely simultaneously
analyzed. Past research in agriculturally-fragmented landscapes has indicated that the foraging
patterns of native bees depend critically on both floral resource level and nest-site availability
(Jha and VVandermeer 2009a). However, it is completely unknown how foraging patterns for
native bees may differ between natural habitat islands vs. human-fragmented ‘islands’. Using the
same DNA collected in the previous sections, we will calculate colony foraging ranges based on
the relative distances between collected colony-mates (Chapman et al. 2003, Jha and Kremen in
review). We hypothesize that native bees on the Balcones Canyonlands National Wildlife Refuge
will exhibit shorter foraging ranges than those within urbanized landscapes, given the greater
floral resource availability in the Refuge.

Conclusions

The research integrates molecular and field-based tools to provide a robust and innovative
approach to understanding pollinator ecology and population genetics. The project will yield
some of the first analyses comparing native bee population genetics across natural and urban
landscapes, revealing potential barriers to population gene flow and colony success. As managers
of our landscapes, humans are critically dependent on the health of our native pollinators for crop
and native plant reproduction. Findings from this research will provide biologists,
conservationists, and agriculturalists with greater knowledge about the maintenance of genetic
diversity and the habitat requirements of essential native pollinators.
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