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ABSTRACT

This study compares pollen carrying and deposition capabilities of honey bees and native
pollinators such as the squash bee (Peponapis pruinosa), the sweat bee (Halictidae sp.), and the
bumble bee (Bombus sp.), using crimson sweet watermelon (Citrullus lanatus) as the target crop.
This study also measured various ecological predictors of pollinator abundance, such as distance
to bee nest site, distance to wooded margins, number of field sides facing wooded margins,
distance to undisturbed land, and percent nesting ground exposed nearby. The best ecologic
predictors of native bee presence were distance to nest site and percent of ground exposed in nest
site. All taxa observed exhibited a capacity to fully pollinate watermelon plants. While Apis
mellifera carry the most target pollen in their bodies, Bombus sp. deposit the most target pollen

on the stigma in a single visit.
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CHAPTER 1

INTRODUCTION

Honey bees are purported to pollinate $ 1.8-8.3 billion of produce in the US annually (Southwick
and Southwick 1992, Sanford 1992). However, factors such as pesticide misuse, introduced
diseases, and loss of government subsidies are contributing to the decline of beekeeping as a
profession in the United States (Kremen 2001). A majority of global crops could display
production loss owing to this pollinator limitation (Klein et al. 2006). While the demand for
pollination remains constant or increases and the supply of commercial and wild honey bees
decreases, native pollinators are being considered as viable options for mass crop pollination.
Honey bees are relatively dependable generalist pollinators that are easily managed and
transported. However, although honey bees are placed in target crops like watermelon for
pollination, they often prefer other crops or wild plant species (Delaplane and Mayer 2000).
Many native pollinators are present on farms and their value as pollinators often underestimated
or overlooked by farmers (Greer 1999). Although these pollinators occur naturally on farms,
many factors, such as habitat fragmentation, agricultural destruction of habitat, grazing by
livestock, and pesticides are decreasing the numbers of these beneficial Hymenopterans (Kearns
and Inouye 1997). Generalist pollinators like honey bees and native halictids pollinate many
species of plants, whereas specialists like the cucurbit bee Peponapis pruinosa may pollinate

only a few. The generalist-specialist trade-off is that, while generalists are capable of pollinating



many species of plants, specialists are more effective pollinator on their target crop. For
example, Peponapis sp. are shown to deposit four times as much Cucurbit pollen as A. mellifera
and both males and females of Peponapis make significantly more visits to the Cucurbit plants,
requiring fewer of these specialist insects to pollinate more plants (Canto-Aguilar and Parra-
Tabla 2000). To compensate for a loss in pollination efficacy by generalists, some plants produce
more flowers. An increase in flower production at a local (conspecific) scale results in a linear
increase in the number of pollinators (Morgan 2000). However, if that increase in local flowers is
interspecific (i.e., a case of habitat diversity) is the efficacy of pollinators affected, however
abundant they may be? Under the conditions of a more natural habitat, in which there is greater
floral diversity, it is reasonable to expect that the relative abundance of target pollen on the body
of the generalist bee would be affected. Are specialist bees and generalists similarly responsive
to such conditions? Understanding the plant-pollinator interactions of these species is useful for
conservation. Furthermore, the recent declines in honey bee numbers in the United States and
Europe incite a need to further develop and understand native bees as crop pollinators (Kearns et
al. 1998). In this study, the pollen vectoring efficacy of native pollinators and honey bees was
compared to better understand the potential benefits of natural pollinators.

As production costs increase in traditional agriculture and the negative ecologic effects of
some of its practices become more apparent, sustainable agriculture is becoming increasingly
popular in today’s rapidly changing agro-economy (Feenstra 1997). One component of
sustainable agriculture is cultivating a species diverse agro-ecosystem. A diversified agro-
ecosystem is usually more economically and ecologically resilient than a traditional monoculture
and has many agricultural benefits, such as robust pollen crop and higher crop yield (Feenstra

1997, Francis and Decoteau 1993). However, in the context of crop pollination, a diverse



ecosystem raises questions about pollinator viability if those pollinators are being diverted to
non-target plants. Does a diversified agro-ecology necessarily lead to an environment more
conducive to improved pollinator diversity, abundance, and efficacy? A proportion of wildlands,
important markers of a diversified ecosystem, around a farm field is shown to have a positive
correlation with visitation rates by native bees (Kremen 2001). This has been attributed to the
preservation of the native bee habitat around the fields. Habitat evaluations have long been
considered when examining the quantity and efficacy of bee populations (Klein et al. 2006;
Klein et al. 2004; Krauss et al. 2004; Kremen et al. 2002; Jennersten 1998). For example,
increased squash bee density has been correlated with no-tillage agricultural practices and semi-
natural agro ecosystem habitats are found to be richer in pollinator species abundance than
traditional agro ecosystems, which can result in greater seed production (Shuler et al. 2005;
Steffan-Dewenter et al. 2002; Morandin and Winston 2004). The present study evaluated such
aspects of landscape as distance to nest site, distance to wooded margins, number of sides facing
wooded margins, distance to undisturbed land, and percent ground exposed nearby, ideal for
ground-nesting bees as predictors of pollinator abundance.

Another aspect of this ecological diversity can be accomplished by intercropping.
Numerous plant species have similar bloom periods and require the same animals to pollinate
them. This occurrence of flowering species vying for the services of the same pollinators is floral
competition (Levin and Anderson 1970). While intercropping increases the level of biodiversity
within the field, it also increases the level of floral competition, which can detract from the
fitness of either plant. It has been suggested that in nature, staggered flowering of sympatric
plants aids in reducing floral competition for pollinators (Ishii and Higashi 2001). However, in

agricultural plantations this cannot always be achieved. In one observation year of the study, I



compared the pollen vectoring efficacy of the exotic honey bee (Apis mellifera) and native
pollinators such as Halictidae, Bombus spp., Xylocopa virginica, and Peponapis spp. under
varying levels of floral competition. However, competition as a main effect was never significant
in the results of this study. Even so, this design did allow for measuring variation in pollen
vectoring capability among the various bee taxa present.

Crimson sweet watermelons (Citrullus lanatus) were the model plants for measuring
pollinator efficacy in seasons one and two with sunflowers (Helianthus annuus) as model
competitors in season one.

This study treated the following null statements as testable hypotheses:

(1) Honey bees and native Hymenopteran pollinators, both generalists and specialists, do not
differ in their ability to vector watermelon pollen.
(2) The proportion and number of wild (non-Apis) bees visiting watermelon are not responsive to

measurable differences in habitat features suspected of affecting wild bee density.



CHAPTER 2

MATERIALS AND METHODS

Planting Conditions and Design

This research was conducted during March through August of 2006 and 2007 at the Plant
Sciences Farm of the University of Georgia, Oconee County, GA, USA (33°50°N, 83°26°W).

In spring of each year, approximately 500 crimson sweet watermelon seeds were
germinated in a greenhouse. Each watermelon flower is open for pollination for only one day, so
they are ideal for single-visit observations. Watermelon flowers are also imperfect and so cannot
self-pollinate, and they have large, sticky pollen grains that are readily identifiable in comparison
with other pollen grains. For these reasons, watermelon plants were chosen as the target crop for
this study. After 5 weeks, seedlings were transplanted to each of twelve plots at the University of
Georgia Plant Sciences Farm. Half of the plots were managed in an attempt to provide floral
competition and the other half to provide minimal competition. Each plot contained four rows of
watermelons, ten plants per row. For each competition plot, eight rows of sunflowers were
planted 45 cm apart between two rows of watermelons (Fig. 1). To create conditions of floral
competition or no floral competition, six of the twelve plots were chosen at random to be
competition plots; the other six were designated non-competition plots. The non-competition
plots had sunflower heads cut off before they bloomed. Plots were planted across the farm in

locations showing unique combinations of the habitat metrics studied. Nine or 20 honey bee



colonies (years one and two, respectively) were placed at one end of the farm to ensure the
presence of honey bees in the study. Distance from apiary for each plot was determined by using
the eTrex Vista GPS system (Garmin 2002). Sampling for bee taxonomic diversity and vectoring
capabilities was measured across an 8-13 day period.

Habitat Appraisal

Each year, each of the 12 plots was measured with the following metrics of bee habitat quality:
nearest wooded margin (m), nearest non-managed land (m), number of plot sides (#4) facing a
forested margin within 200 m, nearest likely bee nesting site (m), and percentage of ground
cover within nesting site exposed.

All distances were measured with a meter wheel or a measuring tape. The nearest soil-
nesting bee nesting site was determined by the observer’s walking around the perimeter of each
plot and locating the nearest patch of exposed, uncultivated earth ideal for native bee nesting.
The percent of exposed ground within the nesting site was determined by placinga 1 dm x 1 dm
grid randomly over the nesting site and estimating the percent of exposed ground within the dm
square, with ten replications performed for each plot.

The response variable for each plot was the number of bee flowers visitors each day other
than 4. mellifera. Different bee taxa are active at different times of the day. For example,
Peponapis sp. are active pre-dawn until flower closure in the afternoon, whereas halictids show
little activity before 0900 hours (Shuler et al. 2005). Therefore, taxonomic diversity surveys were
confined to a period of 0800-1145 hours (EST) to ensure as many species as possible were
observed. At the beginning of each season, plot numbers were drawn in a random sequence for

observation times, ensuring that each plot was observed once a day, and each plot was observed



at every observation time over the course of the field season. During each survey day, four
observers measured the twelve plots, three plots per observer. Plots were measured at one of
three observation times (0800, 0915, and 1030 AM EST) and observations were synchronized to
eliminate variation from time. Each observer received training in bee identification prior to the
survey. While observing the insects for the survey, he or she walked slowly between watermelon
aisles recording by sight the number and taxon of every bee visiting an open watermelon flower,
for a total of 8 min observation time per plot (2 min x 4 aisles). These surveys were taken on
each observation day.

Pollen Vectoring Capacity

Observations were recorded in 3 one-hour episodes beginning at 0800h and ending at 1145h,
allowing for 15 minutes between episodes. This occurred over a 13-day span in year one or an 8-
day span in year two. Pollen vectoring capability of different bee taxa was appraised with single
bee flower visits. On each day, 10-15 individual virgin female flowers were bagged with light-
permitting pollinator-excluding organza drawstring bags and numbered consecutively by plot the
day before anthesis. At the beginning of each sampling episode, a bag was removed from an
opened flower and the taxon of bee pollinator subsequently visiting it recorded. When possible,
the individual bee was captured and labeled. Any other floral visitors attempting to visit the
single-visit observation flower were prevented from touching the flowers by waving them away
before they landed on the flower. Flowers were harvested immediately after one bee visit. The
number of watermelon pollen grains per stigma was measured using a hemacytometer after the
methods of Dafni (1992). Each stigma was washed in 0.9 ml of 70% ethanol, 4 drops of
detergent, and 3 drops of 0.5% basic fuchsin. Each pollen-covered stigma was then shaken in

solution for 90 seconds using a Thermolyne MaxiMix II Type 37600 Mixer to remove pollen



from its surface. The pollen solution was then placed on a hemacytometer (Fisher Scientific), and
numbers of watermelon and other pollen grains counted. Numbers of pollen grains in each of two
categories (watermelon, non-watermelon) for each stigma were derived by using the
extrapolation formula provided by the manufacturer (Glover and Barrett 1986).

Voucher specimens of each pollinator taxon were collected and their relative abundance
of target pollen on their bodies determined by using a hemacytometer as above. The relative
proportion of watermelon pollen, sunflower pollen, and “other” pollen (neither target species)
was derived for each bee.

Statistical Analyses

The linear relationship of (1) percent non-Apis and (2) number of non-Apis per plot per day were
each tested with the independent environmental variables percent ground exposed, distance to
wooded margin, distance to nest site, number of sides facing wooded margin within 200 m, and
nearest non-managed land with regression analyses (SAS 2002-2003). The SAS Mixed
Procedure (SAS 2002-2003) was used to test a hypothesis of no difference for effects of
pollinator taxon and time of day on number of watermelon pollen grains and non-watermelon
pollen grains carried on the bee’s body. Random effects were year and day, and least square
means were reported and separated by Tukey’s test. When main effects taxon and time
interacted, analyses were run by time. The effects of pollinator taxon on number of watermelon
pollen grains and non-watermelon pollen grains deposited on watermelon stigma after one bee
visit were analyzed as a split plot design with year as main plot and day repeated. Main effects
time and taxon were tested with the error term replication (year*time*taxon) and means

separated by Tukey’s test (Proc GLM, SAS 2002-2003).



CHAPTER 3

RESULTS AND DISCUSSION

Habitat Appraisal

Of the metrics studied for habitat quality, only distance to nearest nesting site and percent of
ground exposed varied in a linear fashion with the percentage of non-Apis bee visitors (Figs 2
and 3) in years 2006-2007, and percent of ground exposed in 2006 was the only metric observed
that varied in a linear fashion with number non-A4pis bee visitors per day (Fig 4). Percent non-
Apis appeared to vary with distance to nest site in a significantly negative linear fashion (p= 0.05
R?*=0.14) (Fig 2). Percent non-Apis appeared to vary with percent ground exposed within that
nest site in a significantly positive linear fashion (p=0.05 R?>= 0.13) (Fig 3). Percent non-Apis
was examined in addition to number of non-A4pis per plot per day, because observing this percent
is a close metric to observing how many wild indigenous bees are in an area in comparison to
imported bees, a good indicator of habitat quality. Furthermore, number non-Apis bee visitors
per day in 2006 also appeared to vary with percent ground exposed within the nest site in a
significantly positive linear fashion (p=0.03 R?>= 0.39) (Fig 4). The percent ground exposed data
in 2007 did not show any statistical significance for number of native pollinators present per day.
However, severe drought conditions may have negatively impacted pollinator abundance in field

sites.
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While it has been purported that proximity to an apiary or a wooded margin provides an
abundance of beneficial pollinators for crops, this study detected no relationship. Many native

pollinators, such as Peponapis, halictids, and to some extent Bombus are ground-nesting bees

(Appendix I). Apis mellifera, on the other hand, prefer to nest in tree holes and are more likely
found in wooded areas (Winston 1987). It is therefore reasonable that, while the percent of non-
Apis present each day exhibits a negative relationship with an increasing distance to nest site (Fig
2), the percent of 4. mellifera present per day in relation to nest site was not statistically
significant. Close proximity to natural habitat has been shown to have a positive effect on bee
abundance and diversity (Kim et al. 2006). The results of this study confirm that effect and also
show a positive relationship between percent nesting site ground exposed and amount of native
pollinators present (Fig 4).

While the need for maintenance of natural upland habitats and the practice of no-till
agriculture to foster a large native pollinator community has been established (Kremen et al.
2004, Morandin and Winston 2006), this is the first study to show a positive relationship
between the percent of compacted ground exposed in the nesting site and the amount and percent

of native pollinators present. Increased amounts of exposed, compacted, undisturbed earth

provide these native pollinators with more nesting sites per dm2, which increases the number of

available pollinators for crops in a given location.

When considering how to increase natural populations of bees, a landscape approach to
pollinator habitat diversity is key to improving both native pollinator populations and crop
yields. In the case of ground nesting bees such as Peponapis, halictids, and to some extent
members of Bombus, these data suggest it is important to encourage and maintain nesting sites

consisting of undisturbed compacted earth near agricultural fields.
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Pollen Vectoring Capacity

Average number of pollen grains carried on the body of each bee was significantly affected by
the main effects bee taxon (F=14.36; df=3,105; P=0.0001) and time of day (F=4.43; df=2,105;
P=0.0143). Lsmeans are presented in Table 1. Average number of non-watermelon pollen grains
carried on the body of each bee was subject to an interaction between main effects, so it was
analyzed separately by time. There was a significant effect of bee taxon at 10:15 and 11:30

(F#9.43; df=3,#39; P#0.0052). Mean separations are presented in Table 2.

Honey bees carried significantly more target pollen than Bombus spp. and Halictidae
(Table 1). Target pollen loads of Peponapis, Apis and Bombus were statistically similar. Species
carried diminishing amounts of target pollen as the day progressed. All species observed in this
study carried, on average, more than the 500-1000 watermelon pollen grains on their bodies
required to adequately pollinate a watermelon stigma (Adlerz 1966). Apis mellifera and
Peponapis sp. both carry more target pollen on their bodies on average than halictids, suggesting
that the foraging behavior and morphology of the squash and honey bee are comparatively well-
suited for pollinating watermelons. Squash bees are dependent on Cucurbit pollen and tend to
forage more or less exclusively on this group while it is in bloom (Michener 2000) (Appendix I).
Although its surface area is much smaller than the surface area of the average member of
Bombus sp., the average halictid carried comparable amounts of target pollen on its body overall,
suggesting that halictids are comparable pollen vectors in open pollination environments.
Halictids also exhibit less variation in numbers of pollen grains carried than members of Bombus
at any given observation period, suggesting they may forage more exclusively on the target crop

and so are better-suited for watermelon pollination than members of Bombus. Furthermore,
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members of Bombus carry much more non-target pollen on their bodies than any other species of
bee, which is an indicator of the generalist nature of the bumble bee (Table 2).

While the amounts of target pollen carried on each bee diminished throughout the day,
the amounts of non-target pollen on the bodies of the bees increased as the day progressed. As
the watermelon flowers are exploited over the course of the day and their resources wane, bees

foraging on the target crop will turn to other plants to gather resources.

Pollen Deposition

Average number of pollen grains deposited in one bee visit was significantly affected by the
main effect bee taxon (F=6.81; df=5,63; P=0.0001). Mean separations are presented in Table 3.
Average number of non-watermelon pollen gains deposited in one bee visit was marginally
significantly affected by taxon (F=2.23; df=5, 63; P=0.0618). Mean separations are presented in
Table 4.

Each taxon of pollinator deposited in one visit, on average, more than the required 500-
1000 pollen grains necessary for fruit set (Adlerz 1966) (Table 3). Members of Bombus
deposited the most pollen grains in a single visit, but also had the greatest amount of variability
and the least individual representation in the field, making them more unreliable as pollinators of
watermelon than other species observed. Despite the fact that they are modest pollen carriers,
Bombus deposited a greater amount of target pollen and a greater proportion the target pollen
carried on its body than any of the other species observed. In this way, Bombus is a more
effective pollinator (Stanghellini et al. 2002). Peponapis and Apis deposited comparable amounts
of pollen on stigmas in a single bee visit, although Peponapis did so with the least amount of

variability. Halictids deposited the least amount of target pollen in each visit, but their large
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numbers evident in the field (Appendix I) may compensate for their small single visit deposition
as shown by Dedej and Delaplane (2003) for A. mellifera. A single visit from A. mellifera, P.
pruinosa, or Bombus provides a stigma with a statistically comparable amount of pollen to a

flower that has been openly pollinated.

Because reducing pollen competition on a stigma results in greater plant fitness, bees that
deposit greater amounts of target pollen and less amounts of other pollen would better pollinate
the target crop (Sedgley and Blesing 1982). Although they carry less non-target pollen on their
bodies than Peponapis at any given time, Apis mellifera deposit a much larger proportion of non-
target grains-to-target grains on the watermelon stigma than Peponapis (Table 4). This result
could be a function of morphology, as the comparatively large, sticky watermelon pollen grains
may be more easily combed into a honey bee’s pollen basket for storage than the smaller other
pollen grains. Once in the pollen basket, this pollen is excluded from deposition (Thorp 1979).
Peponapis sp., on the other hand, store pollen between hairs on their legs and abdomen, making

more pollen available for deposition at any given visit (Appendix I).

While the amount of watermelon pollen carried at the 11:30 observation period
significantly decreased overall, the amount of watermelon pollen deposited at that time period
exhibited a steady increase from the other two observation periods. The amount of non-target
pollen carried increases throughout the day, being highest at the 11:30 observation period, but
the amount of non-target pollen deposited at that observation period remains statistically similar
to the amounts at the other two observation periods. This increase in target pollen and decrease
in non-target pollen deposited later in the day suggests that flowers opening later in the morning

or those being pollinated later in the morning will be more adequately pollinated in single visits
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than those open for pollination earlier in the morning. For flowers opening later in the day, this

greater pollen deposition could compensate for a reduced bloom time.

With a mean range of 403-9500 (Table 3), the average number of deposited pollen grains
reported here is conspicuously higher than the mean range of 55-152 reported previously for
watermelon (Stanghellini et al. 2002). Aside from technical differences in our methods, another
explanation may be that our study used a smaller density of supplemental pollinators. Because of
this, a greater ratio of available pollen per pollinator is suggested. Our data are more congruent
with values published for non-watermelon cucurbits. Winsor et al. (2000) reported that 29% of
the flowers of Curcurbita foetidissima receiving a single pollinator visit have 3 900 pollen grains
on the stigma. Quesada et al. 1993 classified as “small” a single bee visit deposition of 460
pollen grains on C. pepo and C. texana and “large” a deposition >10,000 pollen grains.

In conclusion, it is important to maintain a habitat for the native pollinators to promote
pollination of the target crop. In the case of this study, that optimal habitat would be undisturbed,
compacted earth with a large percentage of exposed ground within a 0 and 6m distance from the
target crop. All taxon observed exhibited a capacity to fully pollinate watermelon plants. While
Apis mellifera carry the most target pollen in their bodies, Bombus sp. deposit the most target

pollen on the stigma in a single visit.



Table 1. Effects of bee taxon and time of day on average (Ismeans=+ sd) watermelon

pollen grains on body of bee flower visitor. There were no interactions between taxon

and time, so analyses were run with both terms and mean separations (paired #; £#0.05)

performed on overall taxon means and time means.

Taxon 9:00 10:15 11:30 Taxon means
Apis mellifera 19445+5672 30374+4912 16666+4631 22162+2939 a
Peponapis 23384+4393 29027+4189 2667+8021 18359+3353 ab
pruinosa

Bombus spp. 25833+9823 2890+8021 1998+8021 10240+5002 be
Halictidae 3045+3032 1606+2962 1649+3187 2100£1768 ¢
Time means 179273134 a | 159742678 a | 574543165 b
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Table 2. Effects of bee taxon and time of day on average (Ismeans+ sd) non-watermelon

pollen grains on body of bee flower visitor. There were interactions between taxon and

time, so analyses were run by time. Column means with different letters (paired ¢) are

significantly different (£#0.05).

Taxon 9:00 10:15* 11:30

Apis mellifera 288942079 a 4334+1601 b 4630+48132 b
Peponapis pruinosa | 4667+1611 a 7061+3567 b 12667+83366 b
Halictidae 2094£1112 a 2383+1583 b 5666+33126 b
Bombus spp. 5167+3602 a 151667127674 a 350443+83366 a

* for 10:15 Proc Mixed calculated all Ismeans as negative values, so for this column

reported values are non-adjusted.
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Table 3. Effects of bee taxon and time of day on mean (+ sd, ) watermelon pollen grains

deposited on watermelon stigma by one bee visit. There were no interactions between

taxon and time, so analyses were run with a whole model and mean separations (paired ¢;

+#0.05) performed on overall taxon means and time means.

Taxon 9:00 10:15 11:30 Taxon means
Bombus spp. 4000+4000, 2 9500+£9500, 2 6750+4498, 4 a
Apis mellifera 1333, 1 466368, 7 3105+1834, 6 1659+842, 14 b
Halictidae 710£276, 15 403+139, 19 1043+354, 15 693+149,49b
Peponapis 1183+475,9 925+372,9 2500+2500, 2 1199+335,20 b
pruinosa

Open 13534246, 47 28994486, 51 26431454, 31 22744245, 129
pollination b

Virgin flower

137+70, 17

409+273, 22

1324132, 5

272+140,44 b

Time means

995+154, 89 a

1673+268, 110

a

2309+428, 61 a




Table 4. Effects of bee taxon and time of day on mean (+ sd, n) non-watermelon pollen

grains deposited on watermelon stigma by one bee visit. There were no interactions

between taxon and time, so analyses were with a whole model and mean separations

(paired ¢; £#0.06) performed on overall taxon means and time means.

Taxon 9:00 10:15 11:30 Taxon means

Apis mellifera 6000, 1 904+904, 7 1500+806, 6 15244649, 14 a

Peponapis 148+113,9 704+625, 9 667+667, 2 450+287, 20

pruinosa a,b

Halictidae 400+201, 15 579+246, 19 649+328, 15 545+149, 49
a,b

Open 284+116, 47 640+247, 51 193+119, 31 403+111, 129

pollination a,b

Bombus spp. 500+500, 2 0+0, 2 250+250,4 b

Virgin flower 98+80, 17 318+194, 22 0+0, 5 197+£102, 44 b

Time means 318497, 89 a 585+147,110a | 427+135,61 a

18



10

-

|

ee

(NN N
06O
e ® 00 & e 0 0
® ® &0 00 00
e ® & & & o 0 0
e ® 0 & & 0 0 0

®
®
@
®
® &0 & 06 00 0 0
@
&
&

]

21

® ® & ® @ 0 & 0
e ® & & & o ® 0
® ® & & & o & o

Fig. 1. Experimental plot with 10 x 4 watermelon plants and 8 sunflower rows

b
&
®
®
®
®
®
&
@
&

® o0 0® o0 0 @

®® 0 ® 00 @

e e
otooootiaa
®® 0 ® 000 ®

Q-......-QQ',

4

19



Percent Non-Apis Present

100 +

95

90 ~

85 -

80 -

75

70

Effect of Distance to Nest Site on Percent Non-Apis Pollinators Present
(2006-2007)

Distance to Nest Site (m)

[ 2
3 * T *
. y=98.3 - 0.39x
R*=0.14
0 2 4 6 8 10 12 14 16 18 20

22

Fig. 2. Effect of distance to nest site on percent non-Apis pollinators present in 2006-2007.

0¢



Percent Non-Apis Present

30 4

25 4

20

Effect of Nest Site Ground Exposure on Percent Non-Apis Pollinators Present
(2006-2007)

y=5.67+0.11x
*
R*=0.13
*
15 4 ® L
(
. . * L 4 .
10 PP
AT L g 'S L I 4 L
5/ e i
(g 'S *
14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66 68 70 72 74 76 78 80 82

Percent Ground Exposed

Fig. 3. Effect of percent ground exposed on percent non-Apis pollinators present in 2006-2007.

1T



Effect of Nest Site Ground Exposure on Non-Apis Pollinators Present (2006)

w
o
]

y=0.88 +0.27x
. R*=10.39

N
[6)]
|

N
o
|

Non-Apis Present/Day
> >

(6]
|

0

16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66 68
Percent Ground Exposed

Fig. 4. Effect of percent ground exposed on the number of non-Apis pollinators present in each plot per day in 2006.

(44



23

REFERENCES

Adlerz WC (1966) Honeybee visit numbers and watermelon pollination. Journal of Economic

Entomology 59:28-30

Butzhuryn, V.M (1997) Ecological impacts of introduced honey bees. The Quarterly Review of

Biology 72(3): 275-297

Butzhuryn, V.M. and H. Moller (1995) An assessment of the contribution of honey bees (Apis
mellifera) to weed reproduction in New Zealand protected natural areas. New Zealand Journal of

Ecology 19(2): 111-112

Canto-Aguilar, M.A. and V. Parra-Tabla (2000) Importance of Conserving Alternative
Pollinators: Assessing the Pollination Efficiency of the Squash Bee, Peponapis limitaris in

Cucurbita moschata (Cucurbitaceae). Journal of Insect Conservation 4(3): 201-208

Dafni, A. (1992) Pollination Ecology, A Practical Approach. Oxford University Press, New

York.

Dedej, S. and K. S. Delaplane (2003) Honey bee (Hymenoptera: Apidae) pollination of
Rabbiteye blueberry Vaccinium ashei var. ‘Climax’ is Pollinator Density-Dependent. Journal of

Economic Entomology 96(4): 1215-1220



24

Delaplane, K. S., and D. F. Mayer (2000) Crop pollination by bees. CABI Cambridge, United

Kingdom

Feenstra, Gail. “Plant Production Practices” December 1997.

http://www.sarep.ucdavis.edu/concept.htm

Francis, R., and D. R. Decoteau (1993) Developing an effective southernpea and sweet corn

intercrop system. Hort Technology 3(2): 178-184

Free, J. B. and 1. H. Williams (1972) The transport of pollen on the body hairs of honeybees
(Apis mellifera L.) and bumblebees (Bombus spp. L). The Journal of Applied Ecology 9(2): 609-

615

Garmin International (2002) eTrex Vista Personal Navigator Owner’s Manual and Reference

Guide, (5-15)

Glover, D. E. and S. C. H. Barrett (1986) Stigmatic pollen loads in populations of Pontederia

cordata from the Southern U. S. American Journal of Botany 73(11): 1607-1612

Greer, L. (1999) Alternative Pollinators: Native Bees. ATTRA Horticulture Technical Note, (1-

14)

Ishii and Higashi (2001) Coexistence induced by pollen limitation in flowering-plant species.
Proceedings of the Royal Society of London. Series B, Containing papers of a biological

character 268(1467): 579-585

Jennersten, O. (1988) Pollination in Dianthus deltoids (Caryophyllaceae): Effects of habitat

fragmentation on visitation and seed set. Conservation Biology 2(4): 359-366



25

Kearns, C.A., D.W. Inouye (1997) Pollinators, flowering plants, and conservation biology.

Bioscience 47(5): 297-307.

Kearns, C. A., D. W. Inouye, and N. M. Waser (1998) Endangered mutualisms: The

conservation of plant-pollinator interactions. Annual Review of Ecological Systems 29: 83-112

Kim J., N. Williams, and C. Kremen (2006) Effects of Cultivation and Proximity to Natural
Habitat on Ground-nesting Native Bees in California Sunflower Fields. Journal of the Kansas

Entomological Society: Vol. 79, No. 4 pp. 309-320

Klein, A.M., I. Steffan-Dewenter, and T. Tscharntke (2004) Foraging trip duration and density of
megachilid bees, eumenid wasps and pompilid wasps in tropical agroforestry systems. Journal of

Animal Ecology 73: 517-525

Klein, A. M., B. E. Vaissiere, J. H. Cane, I. Steffan-Dewenter, S. A. Cunningham, C. Kremen,
and T. Tscharntke (2006) Importance of pollinators in changing landscapes for world crops.

Proceedings of the Royal Society B. published online.

Krauss, J., A.M. Klein, I. Steffan-Dewenter, and T. Tscharntke (2004) Effects of habitat area,
isolation, and landscape diversity on plant species richness of calcareous grasslands. Biodiversity

and Conservation 13(8): 1472-1439

Kremen, C (2001) Conserving and restoring pollination services in organic farms of Yolo and

Solano Counties, Northern California. Organic Farming Research Foundation Project # 99-07

Kremen, C., N. M. Williams, and R. W. Thorp (2002) Crop pollination from native bees at risk
from agricultural intensification. Proceedings of the National Academy of the Sciences of the

United States of America 99(26): 16812-16816



26

Kremen, C., N. M. Williams, R. L. Bugg, J. P. Fay, and R. W. Thorp (2004) The area
requirements of an ecosystem service: crop pollination by native bee communities in California.

Ecology Letters 7(11): 1109-1119

Levin, D. A. and W. W. Anderson (1970) Competition for pollinators between simultaneously

flowering species. The American Naturalist 104(939): 455-467

Michener, C. D. (2000) The Bees of the World. The Johns Hopkins University Press, Baltimore,

MD

Mitchell, T. D. (1962) Bees of the Eastern United States, Vol. II. North Carolina Experiment

Station, Tech. Bul. No. 152.

Morandin, L.A. and M. L. Winston (2004) Wild bee abundance and seed production in

conventional, organic, and genetically modified canola. Ecological applications 15(3): 871-881

Morandin, L. A. and M. L. Winston (2006) Pollinators provide economic incentive to preserve

natural land in agroecosystems. Agriculture, Ecosystems & Environment 116(3-4): 289-292

Morgan, M.T. (2000) Evolution of interactions between plants and their pollinators. Plant

Species Biology 15: 249-259

Quesada, M., Winsor, J. A., and A. G. Stephenson (1993) Effects of pollen competition on

progeny performance in a heterozygous cucurbit. The American Naturalist 142(4): 694-706

Roubik, D. W. and H. Wolda (2004) Do competing honey bees matter? Dynamics and

abundance of native bees before and after honey bee invasion. Population ecology 43(1): 53-62



27

Sanford, M.T. (1992) The honey bee’s real value to society. Apis Apicultural Information and

Issues, IFAS/University of Florida 10(11)

SAS Institute 2002-2003. SAS/STAT user’s guide, version 9.1. SAS Institute; Cary, NC, USA

Schiff, N.M.; Sheppard, W. S.; Loper, G. M. and H Shimanuki (1994) Genetiv diversity of feral
honey bee (Hymenoptera: Apidae) populations in the Southern United States. Annals of the

Entomological Society of America 87(6): 842-848

Sedgley, M. and M. A. Blesing (1982) Foreign Pollination of the Stigma of Watermelon

(Citrullus lanatus [ Thunb.] Matsum and Nakai). Botanical Gazette 143(2): 210-215

Seeley, T. D. (1995) The wisdom of the hive. Harvard University Press, Cambridge

Shuler, R. E., T. H. Roulston, and G. E. Farris (2005) Farming Practices Influence Wild
Pollinator Populations on Squash and Pumpkin. Journal of Economic Entomology 98(3): 790-

795

Simberloff, D. and B. Von Holle (1999) Positive Interactions of Nonindigenous Species:

Invasional Meltdown?. Biological Invasions 1(1): 21-32

Southwick, E. E. and L. S. Southwick (1992) Estimating the Economic Value of Honey Bees
(Hymenoptera: Apidae) as Agricultural Pollinators in the United States. Journal of Economic

Entomology 85(3): 621-633

Stanghellini, M. S., J. Ambrose, and J. R. Schultheis (2002) Diurnal activity, floral visitation,
and pollen deposition by honey bees and bumble bees on field-grown cucumber and watermelon.

Journal of apicultural research 41(1-2): 27-34



28

Steffan-Dewenter, 1., U. Muzenberg, C. Burger, C. Thies, T. Tscharntke (2002) Scale-Dependent

Effects of Landscape Context on Three Pollinator Guilds. Ecology 83(5): 1421-1432

Thompson (2004) Competitive interactions between the invasive European honey bee and native

bumble bees. Ecology 85(2): 458-470

Thorp, R. W. (1979) Structural, Behavioral, and Physiological Adaptations of Bees (Apoidea)

for Collecting Pollen. Annals of the Missouri Botanical Garden 66(4): 788-812

Triplehorn, C. A. and N. F. Johnson (2005) Borror and Delong’s Introduction to the Study of

Insects. Brooks/Cole, Belmont, CA.

Westerkamp, C. (1991) Honeybees are poor pollinators—why? Plant Systematics and Evolution

177(1-2): 71-75

Winsor, J. A., Peretz, S., and A. G. Stephenson (2000) Pollen competition in a natural population

of Cucurbita foetidissima (Cucurbitaceae). American Journal of Botany 87(4): 527-532

Winston, M. L. (1987) The Biology of the Honey Bee. Harvard University Press, Cambridge,

MA



29

APPENDIX I

The following are descriptions of the bee taxa observed pollinating crimson sweet watermelon

flowers throughout our study.

Peponapis pruinosa pruinosa (Say)

12.5-14 mm (2) and 11-13 mm (&) in length, Peponapis pruinosa pruinosa (common name:
squash bee) is distributed from Utah and Arizona, and eastward to the New England states and
Georgia from June to September. The subspecific designation of pruinosa is needed to

distinguish from another subspecies in southern Texas (Mitchell 1962).

Like other species of the genus Peponapis Robertson, Peponapis pruinosa pruinosa has a
strongly protuberant clypeus, and the anterior articulation of the mandible is twice as far from the
eye margin as the posterior articulation (Michener 2000). They have sparse scopa, which is
denser on their hind legs and is used for pollen collection. Due to their size and color, many
farmers recognize squash bees on their crops but often mistake them for honey bees. The flight
pattern of the squash bees on watermelons in this study was observed as more rapid and direct
from flower to flower than honey bees, which tended to wander about the plants, and often

landed on leaves.
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Peponapis is dependent on Cucurbit pollen, and its presence in Georgia is posited to be
after the advent of squash and pumpkin cultivation, as Georgia is outside the native range of this

plant (Michener 2000).

Xylocopa (Xylocopides) virginica virginica (Linnaeus)

19-23 mm () and 17-21 mm (&) in length, Xylocopa virginica virginica (common name:
carpenter bee) is distributed from Kansas to the New England States and south to Florida and

Texas throughout spring and mid- to late-summer (Mitchell 1962).

Females of this subgenus differ from others in having a broad pygidial plate indicated by
rows of teeth diverging from the base of the apical spine (Michener 2000). Males differ from
other subgenera excepting Xylocopa s. str. by the two spines on the outer apex of the hind tibia

(Michener 2000).

Often confused by farmers and lay observers with the relatively large and hairy bumble
bee, the carpenter bee was an infrequent visitor to the watermelon flowers in this study.

Members of this species could more often be seen visiting the competition flower sunflowers.

Bombus impatiens (Cresson)

17-21 mm (queen @), 8.5-16 mm (worker @), and 12-17 mm (&) in length, Bombus impatiens
(common name: bumble bee) is widely distributed in North America—from Ontario to Maine,

and south to Florida from early spring to late fall (Mitchell 1962).

Bombus impatiens were a regular visitor to all plants in this study, owing to their

generalist nature and their lack of worker recruitment ability in the nest. While female members
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of Bombus spp. have polished and bare hind tibiaec with a marginal fringe of hairs constituting a
corbiculum, the considerably large surface area of these bees is covered in dense, pollen-
grabbing hairs, which account for the large pollen-carrying and pollen-depositing numbers

reported in this study (Mitchell 1962).

Apis mellifera (Linnaeus)

12 mm (worker Q) in length, the Apis mellifera worker (common name: western honey bee) is
the form of this species that was collected in the field for this study, as the female worker bee is
the form of this bee that forages for nectar and pollen for the hive. 4. mellifera exhibit a
recruitment behavior, in which a scout bee finds a nectar and pollen source and recruits foragers
to that source at the exclusion of other nectar and pollen sources (Seeley 1995). For this reason,
honey bees tend to stay on an energy source until a richer source is found or the energy is

depleted from the source.

The A. mellifera worker possesses a corbiculum on her hind tibia for pollen collection
and storage. In contrast to the dense hairs on the bodies of Peponapis spp. and Bombus spp., the
body of the female worker bee is covered in less dense hairs (Mitchell 1962, Thorp 1979, Free

and Williams 1972).

A. mellifera is not native to the United States, with existing members displaying
genotypes from colonies imported to the U.S. between the year 1620 and the 1860s (Schiff et al.
1994). Recent studies have debated whether the honey bee is an invasive pest or a beneficial
insect (Butzhuryn and Moller 1995; Roubik and Wolda 2004; Kearns et al. 1998; Simberloff and
Von Holle 1999; Thompson 2004; Butzhuryn 1997; Westerkamp 1991). However, in this study,

the presence of honey bees did not noticeably detract from crop pollination, native pollinator
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presence, or amount of pollen that all pollinators were able to gather from flowers and deposit on

stigmas.

Halictidae

Members of the family Halictidae (common name: sweat bee) are small to moderate in size,
often metallic in color, and generally easily recognized by the strongly arched first segment of
the medial vein (Triplehorn and Johnson 2005). Although over 500 species of sweat bees are
present in the United States, they are representatives of only three subfamilies: Nomiinae,
Halictinae, and Rophitinae (Triplehorn and Johnson 2005). Of these subfamilies, only members
of Nomiinae and Halictinae were documented in this study. Halictids are ground-nesting bees,
preferring compacted earth in which to burrow. Some farming practices such as tilling can
destroy the natural habitat of these important native pollinators. In this study, halictids were

observed in numbers much higher than all other species combined on and around the target crop.



