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ABSTRACT 

 Pollinators are highly valuable as both supporters of wild flowering plant communities and 

as providers of human ecosystem services. In recent years population declines in both managed 

and unmanaged bees have occurred due to multiple threats associated with land-use change and 

concordant intensification of human activities detrimental to pollinators. Managed honey bee 

pollinators have been widely used in many crops because they are very effective at foraging and 

moving pollen, thus providing agronomic value through improvements in crop yield. Across 

landscapes, both managed bees and wild bees share floral resources, and therefore interactions 

can occur that facilitate or potentially inhibit foraging patterns and densities, with potential 

implications for crop production and also the maintenance of wild flowering plant communities. 

The objective of this study was to determine abundances, foraging, and behavioral interactions of 

managed honey bees and native bees in a semi-arid grassland agroecosystem in relation to 

honey bee hive manipulations. In three defined periods (i.e. before, during, and after honey bee 

hive removal from the local study site) across four honey bee hive manipulation events, the 

abundances of honey bees, bumble bees, halictid bees, non-halictid bees, and other non-bee 

pollinators, individual foraging behaviors, and behavioral sequences were recorded and 

compared across the three different periods using Kruskal-Wallis non-parametric ANOVA, 

behavioral transition matrices, and regression analysis. Honey bee, non-halictid, Halictidae, and 

other pollinator abundances were shown to change as a result of hive removal, but changes in 

abundances during hive manipulation periods were only significant for honey bees, non-halictids, 

and other non-bee pollinators. Halictidae abundances trended upwards during the period of 

honey bee hive removal, with halictid numbers showing a decline once honey bee hives were 

returned. Non-halictid bees performed behaviors more frequently and foraged for five additional 

seconds (P = 0.033) when hives were returned to the local field (i.e. the “after” period). Even 

though several one-way behavioral transitions that were shown to be significant during hive 

manipulations, the hive manipulations did not significantly influence bee foraging sequences. 

Common significant behavioral transitions include approach - pollen gathering, pollen gathering - 

move-to, and move-to - approach for each bee group and hive setting. Near significant 
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interactions (Kruskal-Wallis, χ2  = 5.677, df = 2, P = 0.059) between Halictidae and other bees 

occurred as a result of hive removal. While some changes were observed in native bee 

abundances and foraging in relation to local hive manipulations, the results of our study did not 

fully support the hypothesis that native bee communities proximal to abundant managed honey 

bee colonies undergo broad behavioral or numerical changes because of introductions or removal 

of local honey bee hives.   
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CHAPTER I 

INSECT POLLINATORS: VALUE AND STATUS 

Insect Pollinators in Agriculture  

 Pollinators encompass several different types of animals, with nearly 300,000 different 

pollinator species estimated to pollinate approximately 220,000 flowering plant species 

worldwide. Vertebrate pollinators include bats, other small non-bat mammals, and birds which 

forage mainly in or near the tropics (Grant 1951). Among pollinators, insects are considered some 

of the most important, where 67 percent of flowering plants rely on insect pollination (Tepedino 

1979). Insects such as bees and wasps, butterflies and moths, flies, beetles and thrips are some 

of the common insect pollinators (Nabhan and Buchmann 1997), and of these insects the bees 

(order Hymenoptera) are thought to be the most essential (Michener et al.1984). Within the order 

Hymenoptera, the Anthophila is a group consisting of sphecoid wasps and bees (i.e. apiformes). 

The apiformes are a monophyletic group of nearly 20,000 species of bees dispersed across the 

world except Antarctica (Wilson and Messinger Carril 2016). Bees are divided into seven families: 

Andrenida, Apidae, Colletidae, Halictidae, Megachilidae, Melittidae, and Stenotritidae (Longing 

and Discua 2016). Among the bee families, the common life histories consist of female adult bees 

collecting pollen and nectar to provision for brood reared in a variety of substrate or nesting 

material (although some parasitic species exist that rob pollen and resources provisioned by other 

bee species), with developing immature bees solely using pollen provisioned in their brood 

chambers to grow into adulthood. During this important activity bees transfer pollen from the male 

anthers to the female stigmas of flowers, thus ensuring pollination (Grant 1951).   

Pollinators are essential in maintaining a functional ecosystem, being the regulators of 

flowering plant reproduction for most angiosperms via pollen transfer. Agricultural productivity and 

the conservation of natural and wild plant communities are both highly dependent on insect 

pollinators (Potts et al. 2010). Among all interactive processes between animals and flowers, 

pollination services are the most vital (Buchmann and Nabhan 1996), with 90 percent of 

angiosperms dependent on animal-mediated pollination (Morgan et al. 2005). According to Levin, 
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“pollinators are an environmental resource as critical to the long-term survival of a (plant) 

populations as are light and moisture” (Levin 1971).  

 Many agricultural crops depend on insect pollinators. Pollinators are a highly-valued 

component of agricultural production (Klein et al. 2007); 84 percent of the 300 main commercial 

crops are insect-pollinated, which included foods produced for up to one-third of the global market 

(Allsopp et al. 2008). Insect pollination services can increase crop yields and improve plant 

qualities such as seed number and weight (Klein et al. 2007). 48 out of 67 of the world’s leading 

crops, production increased when pollinators contributed to pollination and production decreased 

by as much as 90 percent when pollinators were absent (Klein et al. 2007).  

The use of managed bees in farming has taken place for centuries. Farms rent bees such 

as honey bees (Apis mellifera), bumble bees (Bombus sp.), leafcutter bees, mason bees, and 

alkali bees (Nomia melanderi) to pollinate crops (Gallai et al. 2009, Goulson 2003). Honey bees, 

wild bumble bees, and solitary bees typically represent a large majority of bee communities, and 

these are also some of the most economically-valued insect pollinators (Carreck and Williams 

1997). Honey bees were shown to provide approximately $12 billion in annual crop production, 

with native bees providing an additional annual value of $3 billion (USDA 2015, Losey and 

Vaughn 2006). Approximately nine percent of the total value of global human food production 

worldwide is attributed to insect pollination (Gallai et al. 2009), a low percentage as a result of the 

majority of agricultural production coming from staple crops that do not depend on insect 

pollination (Ghazoul 2005). In contrast, over 80 crops consisting of many fruits, nuts, and 

vegetables that provide vital micronutrients for humans require insect pollination, whereas the 

production of these crops is typically smaller than crops such as corn, rice, and other cereal 

grains.   

Pollinator Decline 

 Pollinators have shown declines globally; 40 percent of all pollinators are threatened with 

extinction, while 52 percent of North American native bees are threatened (Kopec and Burd 

2017). In the U.S., domestic honey bee colonies have declined by 59 percent from 1947 to 2005 

(Potts et al. 2010), while winter losses have reached close to 60 percent in the Ohio Valley region 

(Seitz et al. 2016). In Europe, declines are less drastic but have still occurred (Potts et al. 2010). 
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The number of both feral and domestic honey bee hives decreased 25 percent during the 1990’s 

in the United States (Allen-Wardell et al. 1998). Native bee populations have shown some 

declines as well. Biesmeijer et al. (2006) compared bee densities pre and post 1980 and found 

that both species richness and species diversity of native bees in Europe have declined, while in 

the U.S. Cameron (2010) documented changes in the distributions and abundances of bumble 

bee species. In 2017, for the first time, eight bee species were placed on the U.S. Endangered 

Species List, including seven Hylaeus spp. and one bumble bee, Bombus affinis, the rusty-

patched bumble bee. In addition to these bees, two other Bombus spp. are under review for 

potential listing as threatened or endangered in the U.S. These species have declined in both 

distributional range extents and numerical abundances within their ranges. In addition to bee 

declines, the monarch butterfly (Danaus plexippus) remains a candidate species for listing as 

another threatened or endangered species in the U.S., where estimates of overwintering 

populations remain relatively low on a downward trend over the last couple of decades (Brower et 

al. 2012). The eastern population of the monarch butterfly depends on a large portion of the mid-

central U.S. for summer breeding grounds and for providing resources along the flyway annually 

from the upper mid-central and eastern U.S. to central Mexico, therefore the potential listing of 

this species has broad implications for conservation and managing wild lands to accommodate 

nectar and floral resources for pollinators.   

Long-term ecological and economic repercussions may be observed as a consequence 

of pollinator decline (Allen-Wardell et al. 1998). The loss of a single pollinator species can reduce 

the amount of pollen gathered and seeds per flower reducing pollination, even with other 

pollinators in the area (Brosi and Briggs 2013). Due to the removal a pollinator species in a given 

area, remaining pollinators broadened their foraging breath (Brosi and Briggs 2013). In North 

America, this could translate into impacts to agriculture, where 11 percent of crop production is at-

risk of being loss due to declines, with the most at-risk crop being nut varieties (Gallai et al. 2009).  

Several factors have been implicated in pollinator declines including habitat loss and the 

conversion of wild lands, pests and disease, pesticides, and bee keeping management practices 

(Seitz et al. 2016, Smith et al. 2014). Numerous pests affect honey bee colonies, with the varroa 

mite (Varroa destructor) a severe parasitic-mite pest that feeds and reproduces on drone honey 
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bees (i.e. males) or workers (i.e. females), leading to weakened or failing colonies. Up to 38 

percent of honey bee colonies can be lost in a given year due to the varroa mite (National 

Research Council 2007). Diseases can be prevalent in bee communities and spread from 

managed to wild bees (Fürst et al. 2014, Singh et al. 2010). Pathogens such as Paenibacillus 

larvae in honey bees, Nosema bombi in bumble bees, and Ascosphaera aggregate in alfalfa leaf 

cutter bees have led to declines (National Research Council 2007). Additionally, Israel acute 

paralysis virus (Israeli acute paralysis virus) has been implicated in colony losses (Winfree et al. 

2007). High colony losses reported by beekeepers have led to the recent phenomenon termed 

Colony Collapse Disorder (CCD), which occurs when a colony disappears from a hive with no 

sign of dead or dying bees (Kluser and Peduzzi 2007). Until recently there was no clear 

explanation as to what caused CCD, but most studies have attributed it to parasites, pathogens, 

nutrition deficits, operations related to migratory beekeeping, or some combination of these 

compromising colony health (Kluser and Peduzzi 2007).  

 Other sources of pollinator decline include agricultural intensification and urbanization 

(Fitzpatrick et al. 2007). Landscape changes resulting from agricultural intensification include 

increases in cropped areas with concomitant loss of wild lands and increases in habitat 

fragmentation that affects pollinator habitat resources (Bommarco et al. 2012). Narrow habitat 

range, floral specificity, and univoltinism (completing only one generation per year) have been 

linked to solitary bee declines in Britain and Netherlands (Fitzpatrick et al. 2007). Further, these 

authors concluded that species ranges were dependent on the species’ foraging specialization. 

Accordingly, losses of natural grasslands containing diverse floral resources, and often linked to 

specialized pollinators (Bommarco et al. 2010), remains a persistent environmental threat. 

 Agrochemical exposure to pollinators is another key threat, and risk is likely increased in 

areas of large amounts of farmland, such as the Southern High Plains. Honey bee and bumble 

bee pesticide exposure in laboratory and semi-field studies indicate that exposure can cause 

impaired pollen collection, increase worker mortality, weaken immune function, reduce nest 

growth, and reduce production of queens (Gill et al. 2012, Whitehorn et al. 2012). While the 

impact of pesticides in actual field settings is still unknown (Botias et al. 2015), it has been shown 

that pesticide applications can affect whole communities and possibly affect plant-pollinator 
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interactions (Brittain et al. 2010, Yang et al. 2008). Recently, a key concern has centered around 

the use of neonicotinoids and the exposure of pollinators to these chemicals, which have been 

shown to alter pollination services in apples; reduced visitations rates and individuals carrying 

pollen led to reduced fruit set and number of seeds per apple following bumble bee exposure to 

neonicotinoids (Stanley et al. 2015). Neonicotinoids are systemic pesticides, meaning the active 

compound is distributed throughout the entirety of the plant (Girolami et al. 2009). Hopwood et al. 

(2012) found that these systematic chemicals eventually reached pollen and nectar, yet other 

studies have found no evidence of neonicotinoid residues in pollen or nectar resources as a result 

of seed treatment (Stewart et al. 2014). Neonicotinoids are sprayed, applied to soil, injected, and 

used as a seed treatment in a variety of crops; including cotton, corn, oilseed rape (Girolami et al. 

2009), vegetable crops, citrus, and cucurbits (USEPA 2016). Because of these multiple uses and 

potentially episodic exposures of bees to treated seeds during planting, multiple routes of 

exposure can occur outside of the plant habitat. Marzaro and contributors (2011) investigated 

exposure routes of bees to neonicotinoids and found that the chemicals can drift from areas of 

planting onto nearby vegetation and soils, thus contaminating substrate of bees. Pollinators were 

found to be most at-risk risk in cotton and citrus crops (USEPA 2016). Woodcock and coauthors 

(2017) found declines in annual bee populations were related to exposure to crop seed covered 

with neonicotinoids.  

Habitat loss and concomitant reductions in bee forage and nutrition are key factors in 

pollinator decline (Potts et al. 2010). Agricultural intensification and increased use of pesticides 

has shown to have lasting effects on pollinator populations (Kevan 1999). The destruction of 

habitat as result of agricultural intensification impacts pollinator food sources and destroys nesting 

and resting sites. The number of monocultures found in the Southern High Plains has influenced 

pollinator resources through the conversion of wild lands and impact pollinator habitat resources 

(Kevan 1999). Habitat reduction leads to less resource availability, which in turn can impact 

pollinator biodiversity (Janzen 1974). Furthermore, reductions in pollen quantity and quality stored 

within honey bee colonies alters honey bee foraging, as forager abundance increases when 

pollen quantity and quality was decreased (Pernal and Currie 2001). Such changes to habitat and 
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bee communities could place stress on wild populations exposed to non-native species, such as 

interactions between managed honey bees and wild bees.  

Pollinators in the Texas High Plains  

 Globally, the diversity of bees (Hymenoptera: Apoidea: apiformes) has been well 

documented, with estimates ranging from 20,000-40,000 species (Michener et al. 1994, Wilson 

and Messinger Carril 2016). Roughly 4,000 bee species occur in the United States and Canada 

(Wilson and Messinger Carril 2016), with Texas home to roughly 700-800 species representing 6 

families (Warriner and Hutchins 2016). On the Southern High Plains, bee community composition 

and overall species level biodiversity is particularly poorly characterized. A need exists to better 

understand both the biodiversity occurring in the agriculturally-intensified agricultural region of the 

Southern High Plains and how managed and wild bees interact and potentially compete for floral 

resources.   

Southern High Plains Agriculture 

 The Southern High Plains region of Texas compromises an expansive area of flat 

grasslands fragmented by intensive agricultural production. Precipitation averages 355-559 mm 

annually (Allen et al. 2008). Drought is frequent and years of low levels of precipitation are a 

common occurrence (Gibson 1932, Rosenberg 1987). Less than one percent of precipitation 

reaches the main water source, the Ogallala Aquifer, a finite, water-limited, non-recharging 

underground water basin (Brooks et al. 2000). The presence of the Ogallala Aquifer has shaped 

the history of settlement in the Southern High Plains (Allen et al. 2008). Humans first inhabited the 

area 11,000 years ago; later establishing more developed societies 9,500 years later (Allen et al. 

2008). Small-scale agricultural production began with these societies; crops like corn, beans, and 

tobacco were grown along the rivers (Allen et al. 2008). With the varying technological advances 

of the late 1880’s, more intense agriculture production began (Gibson 1932). During the 1900’s 

large 200-300-acre monocultures of cotton, corn, and various grains occurred throughout the area 

with some farms as large as 5,000 acres (Gibson 1932). The Southern High Plains contributed 69 

percent of irrigated crop production in Texas by 1970 (Allen et al. 2008). Since the 1980’s and 

1990’s, the Southern High Plains has accounted for 25 percent of the United States cotton 



 
 Texas Tech University, Bianca Rendon, August 2018 

 14 

production. Five million hectares are now cultivated in the high plains annually (Allen et al. 2008). 

Low grain prices, increasing costs of irrigation, and two U.S government farm programs (the Food 

Security Act of 1985 and Food, Agriculture and Conservation and Trade Act of 1990) have further 

influenced the development of cotton monocultures (Allen et al. 2008). Of the five million 

cultivated hectares in the region, roughly 2.5 million are irrigated with Ogallala Aquifer water 

(Allen et al. 2008). Due to agricultural intensification resulting in increased water usage, aquifer 

water levels have declined (Mapp 1988). Congress’s Six-State Regional Resources Study on the 

Ogallala in 1976 predicted more than a million acres of farmland in the high plains must be 

converted back to dryland production by 2020 to see any increase in the Ogallala Aquifer water 

table (Torell et al. 1990). Recently, more drought tolerant, early maturity cotton varieties are 

utilized due to growing concern for water loss (Gowda et al. 2007).    

 Although the Southern High Plains accounts for 20-25 percent of all cotton production in 

the United States (Allen et al. 2008), several other important crops are grown in the region; many 

of which are dependent on pollinators. Vegetable and cucurbit crops, such as pumpkin and 

squash, are grown in relatively small acreages on the High Plains when compared to staple crops 

(USDA 2012), yet their production is noteworthy because some of these crops are considered 

regional specialty crops. Roughly 1,120 acres of pumpkins are produced in Floyd County, 60 

miles east of Lubbock, Texas. In conventional pumpkin production systems, farmers typically rent 

managed honey bee colonies for pollination services, yet in these systems the densities of 

squash bees (Peponapis pruinosa and Xenoglossa sp.) in pumpkin flowers were shown to be 

consistently higher than managed honey bees, even with honey bee colonies positioned adjacent 

to pumpkin fields (Jewett 2017). These results are aligned with other studies showing that wild 

squash bees are capable of pollinating pumpkins, reducing the need for supplemental honey bee 

pollination in most systems (Julier and Roulston 2009, Bommarco et al. 2012). In pumpkin fields, 

increased bee diversity enhanced crop yield without the presence of managed honey bees 

(Hoehn et al. 2008).   

Native and Managed Bee Co-occurrence   

 Given the high pollination demand of certain crops such as pumpkins, farmers rent honey 

bee hives and other “managed” bees to ensure adequate pollination (Abrol 2012). Fifteen percent 
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of crops in the United States are pollinated by managed bees, mostly honey bees (Abrol 2012), 

with roughly 2 million honey bee hives transported annually in the U.S. (Morse and Calderone 

2000). Beginning in February, migratory bees pollinate more than 800,000 acres of almond crops 

in California, colonies are transported to other crops following almond pollination, later pollinating 

blueberry fields in Michigan, alfalfa, clover, and sunflower fields in the Dakotas, and cucurbits in 

Texas. In Florida and the northern East Coast, hives are used year-round to pollinate berries, 

pumpkins, apples, and other vegetables. During peak winter months, honey bees that are 

operated as migratory colonies overwinter in Texas or other southern U.S. states, waiting for the 

first almond crop to bloom in California (Jabr 2013). Almonds and other crops require 

approximately 5-8 colonies per ha (Morse and Claderone 2000), therefore abundances of 

foraging honey bees in a given area can increase abruptly. Given the typical large sizes of row-

crop fields on the Southern High Plains, the number of managed bees introduced into the area is 

considerably higher than what naturally occurs (Abrol 2012). In 2017, farmers in the southeastern 

United States used more than 150,000 honey bee colonies to pollinate 50,500 acres (USDA 

2017).   

 While honey bees are a well-known and effective pollinator for use in crop production, 

studies have shown that native bees have the potential to effectively pollinate agricultural crops 

(Artz et al. 2011, Kremen et al. 2002, Julier and Roulston 2009, Winfree et al. 2007). Furthermore, 

the presence of honey bees in crops can alter pollination by native bees. In pumpkin fields 

supplemented with honey bees, Artz et al. (2011) found the number of flowers visited by native 

bee species decreased, which resulted in crop yield declines. In some cases, native bee 

pollination services were more efficient than honey bees. For example, native bee visitation 

significantly influenced sweet cherry fruit set when compared to honey bee visitation (Holzschuh 

et al. 2012). In apple orchards, the number of seeds per fruit tripled when native bee diversity 

increased by as few as three functional groups, even in the presence of honey bees (Blitzer et al. 

2016). While some differences exist in the pollination effectiveness depending on crop and 

pollinator species, co-occurrences of managed honey bees and native bees can enhance 

pollination services. In hybrid sunflower production, honey bee per-visit pollination effectiveness 
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increased in the presence of native bees due to interspecific behavioral interactions between the 

two types of bees (Greenleaf and Kremen 2006).  

 The introduction of non-native, domesticated honey bees has the potential to deplete 

floral resources used by native bees, thereby affecting native bee populations (Herbertsson et al. 

2016). Foraging behaviors resulting from bee interactions has the potential to change pollination 

efficiency among plants. Gross and Mackay (1998) observed a 40 percent difference in pollination 

fruit set efficiency by wild pollinators in Melastoma affine, a pioneer Australian shrub, due to the 

introduction of honey bees. When investigating interspecific interactions among bees, most 

studies have focused on three primary areas: 1) overlap of floral resources, 2) changes in 

visitation rates, and 3) changes in levels of resources harvested (Paini 2004). Foraging behaviors 

related to recruitment ability, site constancy, and intra- and interspecific aggression are other vital 

elements related to the interactions of anthophilous insects (Martinez del Rio and Eguiarte 1987), 

but few studies have investigated these interactions.  

Agricultural intensification on the Southern High Plains has led to extensive fragmentation 

to grasslands with unknown consequences to floral resources and pollinators. The high demand 

for pollinators in the region because of the dominance of agricultural land uses (see Koh et al. 

2015) and the use of honey bees in crop production necessitates a better understanding of 

foraging processes and inter-specific interactions associated with potentially shared floral 

resources of pollinators among affected grasslands. These actions provide information to support 

the enhancement and restoration of pollinator habitat. Previous research has addressed 

interactions of wild and managed bees (Balfour et al. 2015, Thomson 2004, Pinkus-Rendon et al. 

2005, Goras et al. 2016, Paini 2004), yet results are mixed, and no clear findings have emerged 

regarding how honey bees introduced to a new field location might abruptly influence abundances 

and/or alter foraging of native bees, potentially influencing population fitness.  

A central aim of my thesis dealt with foraging behaviors and interactions of bees. As bees 

shift between flowers to forage on available resources, individuals must make decisions regarding 

what plants provide sufficient rewards while utilizing the least amount of time, i.e. foraging theory 

(Schoener 1971). Insuring maximum food rewards with minimum energy input is correlated with 

individual fitness (Waddington and Holden 1979). Energy inputs, including search and handling 
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times, results in foraging behavior variations (Pyke 1984), so bee foraging behaviors are 

important components of population success. As bees attempt to maximize rewards, differences 

in abundances and inter- and intra-specific interactions between flower visitors occur; therefore, 

my thesis was designed to capture some of the potential variability in foraging processes based 

on these concepts. 

The goal of the current study was to determine if the introduction of honey bees altered 

densities or foraging behaviors and interactions of wild bees. In an approximately 40.5-hectare 

agroecosystem in a semi-arid grassland environment, floral resources were identified and 

observed for occurrences and interactions of bees. From our bee observations and in relation to 

locally managed honey bees, I developed my thesis around the goal to better understand how 

honey bees and wild native bees occur and interact in patchy yet florally-abundant resources in 

an agroecosystem. To reach this goal, this study was conducted with the following three 

objectives: 

1. To compare honey bee and wild bee abundances across floral patches 

2. To measure and compare foraging behaviors and interactions among common bee 

 groups.  

3. To determine if bee abundances and foraging behaviors and interactions change 

across three different periods associated with the presence or absence of honey bee hives (i.e. 

before, during, and after hive removal).      

Figure 1.1- Honey bee, Apis mellifera, collecting pollen and nectar from Gaillardia sp. (common 
name Indian blanket) and being approached by a wild and native solitary sweat bee (family 
Halictidae). 
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CHAPTER 2 

MANAGED AND WILD BEE ABUNDANCES AND FORAGING BEHAVIORS IN 
AN AGRICULTURAL LANDSCAPE WITH HONEY BEE HIVE MANIPULATIONS 

ABSTRACT 

 Managed honey bees have been widely used in agricultural crops due to the high 

demand for and agronomic value of pollination services. Both managed honey bees and native 

bees are effective pollinators of crops, yet some crops perform better when native bees provide 

pollination services. Moreover, in the U.S. most of the native bee diversity has evolved with native 

plants, and the introduction of both honey bees and large-scale agricultural production has been 

relatively recent, highlighting the importance of native pollinators in helping to maintain flowering 

plant diversity and communities. Because honey bees build large social nests with many 

thousands of bees foraging at local resources, they have the potential to compete locally for 

resources and influence the foraging of wild native bees. The objective of this study was to 

investigate co-occurrences of managed honey bees and native bees in a grassland 

agroecosystem in relation to honey bee hive manipulations. In three defined periods during four 

honey bee hive manipulation events (i.e. before, during, and after the removal of hives from the 

study location) individual bee foraging behaviors and behavioral sequences were recorded and 

analyzed across the three different periods using a Kruskal-Wallis non-parametric ANOVA, 

behavioral transition matrices, and negative binomial regressions, respectively. Bee groups other 

than Halictidae, reduced abundances as honey bee hives were removed but increased following 

hive return. Halictidae abundance, on the other hand, increased as honey bee hives were 

removed. Furthermore, interactions between Halictidae and other bees increased following the 

reintroduction of honey bee hives. Possible competition between honey bees and Halictidae may 

be occurring as evident by Halictidae response to hive removal and reintroduction. Non-halictid 

bees were shown to perform more behaviors while foraging for five extra seconds (P = 0.033) 

when hives were returned to the study location. Even though individual bee groups performed 

several one-way behavioral transitions during each hive manipulation that were more the 

expected by chance, hive manipulations did not significantly influence foraging sequences. For 

example, before hive removal, Halictidae significantly approached a flower and followed that 
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behavior by gathering pollen, and this behavioral transition occurred 16 times (P < 0.01), but this 

process was not significantly different among the three sampling periods (Kruskal-Wallis, χ2 = 

0.54, df = 2, P = 0.763). While subtle changes were observed in bee communities in relation to 

local hive manipulations, the results of our study did not fully support the notion that native bee 

communities proximal to abundant managed honey bee colonies undergo behavioral or numerical 

changes as a result of local co-occurrences of managed honey bees in a small semi-arid 

grassland agroecosystem. 

INTRODUCTION 

 Pollination is a highly valued economic and ecological service. Ninety percent of 

angiosperms on Earth require animal pollination (Buchmann and Nabhan 1996, Morgan et al. 

2005, Kearns et al. 1998). Insect pollination is required for approximately 75 percent of global 

crops, in which bees pollinate the majority of crops (Nabhan and Buchmann 1997). In the U.S., 

bees pollinate nearly 130 crops (Delaplane and Mayer 2000), adding roughly $18 billion dollars to 

the U.S. economy (USDA 2015). Of the $18 billion dollars attributed to bee pollination, pollination 

by managed honey bees was valued at $15 billion while pollination by native bees was valued at 

an additional $3 billion (Losey and Vaughan 2006).  

 Bees, aided by morphological specialization including branched hairs and scopa to pack 

and carry pollen, are pollen specialists because of their need for floral resources to raise brood 

and in so doing their effectiveness in transferring pollen among flowers (Free 1993). Given the 

high value of bee pollination and the demand in crop production, farmers often rely on managed 

bees to ensure adequate pollination and crop yield. Honey bees are often used in many crops as 

the primary pollinator because they can easily build up large colonies that are transportable as 

well as being a generalist that can forage on a wide variety of flowering plants and therefore can 

effectively move pollen from male to female plant reproductive organs (Vergara 2008). During the 

2000 growing season, it was estimated that of the 2.9 million honey bee hives in the U.S. more 

than 2 million were rented for crop pollination (Morse and Calderone 2000). In 2017, Texas, 

Arkansas, Florida, Louisiana, Missouri, Mississippi, New Mexico, and Oklahoma, 50,500 acres of 

crops were pollinated by 150,300 commercial honey bee colonies, with these crops pollination 

valued at $6.8 million (USDA 2017). 
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  In the High Plains region of Texas, honey bees are routinely used for apple and pumpkin 

production, yet a recent study showed that wild squash bees were up to five times more abundant 

than honey bees across 21 regional pumpkin fields (Jewett 2017). Similar results showing greater 

abundances of native bees versus honey bees have also been observed in watermelon and 

sweet cherry fields (Kremen et al. 2002, Winfree et al. 2007, Bosch et al. 2006). Further, native 

bees have been shown to more effectively pollinate crops such as apples, tomatoes, and cherries 

compared to honey bees (Blitzer et al. 2016, Greenleaf and Kremen 2006B, Holzschuh et al. 

2012). Because both honey bees and native bees are valuable economic and ecological resource 

for both crop production and the maintenance of wild flowering plant communities, it is important 

to understand where their occurrences overlap and if antagonistic behaviors might compromise 

foraging behaviors and pollination services.  

 Paton (1996) summarized four effects of honey bees on local flora: 1) honey bees can 

contribute to pollination services performed by native bees thus increasing seed production of 

local plants, as is the case in hybrid sunflowers (Greenleaf and Kremen 2006A); 2) honey bees 

can physically displace native bees from foraging on flowers which decreases seed production 

(Pinkus-Rendon et al. 2005, Aizen and Feinsinger 1994, Osorio-Beristain et al. 1997, Gross and  

Mackay 1998); 3) honey bees can alter native bee foraging behaviors (i.e., changing foraging 

time, number of flowers visited, length of visit, etc.) altering patterns of pollen dispersal (Gross 

2001); and 4) honey bees can remove pollen from flowers, lessening the amount of pollen 

available for native bees, which in turn reduces seed production (Butz Huryn 1997, Forup and 

Memmott 2005). Thus, as a result of honey bee introductions, long-term changes in plant 

communities can occur.  

 Paini (2004) reviewed honey bee competition with native bees and found several key 

effects, such as reductions in resource availability due to floral resource overlap, changes to 

native bee visitation rates and resource harvesting leading to reductions in survival, fecundity, 

and ultimately population size and extinction. Furthermore, prolonged foraging bouts, skewed sex 

ratios, smaller progeny, enhanced parasitism, floral host pre-emption, and pathogen spillover 

result from honey bee interactions with native bees (Cane and Tepedino 2017). Without 

supplementing or removing honey bee hives, Gross (2001) found greater number of native bees 
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when honey bees occurred less frequently. Roubik (1978) also found declines in the number of 

neotropical pollinators as honey bee numbers increased in a local forest-savanna transition zone. 

Similar results were found in studies where the number of honey bee colonies were manipulated; 

the addition of honey bee hives led to compromised native bee and native communities (Artz et 

al. 2011, Goulson et al. 2002, Herbertsson et al. 2016, Hudewenz and Klein 2013, Schaffer et al. 

1983). Furthermore, following the introduction of honey bees, native bees visited less flowers per 

hour than in a natural setting (Shavit et al. 2009) and bumble bee foraging rate decreased (Artz et 

al. 2011, Thomson 2004), but average foraging time of other native bees increased (Goras et al. 

2016). Additionally, honey bees can deter bumble bees from foraging in pumpkin flowers when 

honey bees arrive at flowers first (Xie et al. 2016).  

 Foraging interactions between native bees and honey bees can further alter communities 

of native bees. Physical interactions can result in individual displacement from the flower reducing 

the amount of pollen gathered and transferred. Reduced floral fitness and reproduction of 

Melastoma affine, a pioneer shrub, occurred after native bees were displaced by honey bees 

(Gross and Mackay 1998). In pumpkin fields, encounters between native squash bees and honey 

bees did not dominate interactions observed but encounters between native squash bees 

occurred at a higher frequency, but honey bees “won” the interaction in approximately 90 percent 

of the cases (Pinkus-Rendon et al. 2005). Furthermore, native bees such as Trigona spp., were 

shown to have aggressive tendencies when honey bees were introduced into areas where 

resources were limited. (Roubik 1981, Nagamitsu and Inoue 1997).  

 In numerous studies, honey bee hives were supplemented or removed from the study 

area to examine how changing honey bee populations affected foraging behaviors of native bees 

through examining changes in floral visitation, foraging time, and foraging bout duration (Balfour 

et al. 2015, Goras et al. 2016, Mayer et al. 2012, Monzón et al. 2004, Roubik 1981, Shavit et al. 

2009, Thomson 2004, Xie et al. 2016). Results of these studies have been mixed, with the 

consensus that differences in foraging behaviors is dependent on resource availability (Shavit et 

al. 2009), bee type specialization on foraging resources (Forup and Memmott 2005), and foraging 

strategies (Carneiro and Martins 2012). Fewer studies using honey bee hive manipulations have 
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investigated foraging behavioral patterns and interactions of native bees (Pinkus-Rendon et al. 

2005, Gross and Mackay 1998, Nagamitsu and Inoue 1997).  

As the widespread use of honey bees in agricultural production continues and is 

concurrent with an improved understanding of the contributions of native bees to pollination 

services in crops and wild systems, a need exists to better understand how honey bees and 

native bees interact in systems where floral resources could be compromised among fragmented 

grassland habitats. The objectives of this study were to determine 1) patterns of abundances of 

honey bees and native bees in an agroecosystems and 2) foraging behaviors and interactions 

associated with honey bees and native bees. To address how new introductions of honey bees to 

a field might influence native bee occurrences and foraging, honey bee hives located in our study 

agroecosystem were removed for brief periods and re-introduced to the same field, with the 

general hypothesis that the hive manipulations would lead to differences in occurrences and 

foraging of wild native bees depending on the presence or absence of managed honey bees.   

MATERIALS AND METHODS 

Study Site 

 The Southern High Plains of Texas was historically covered by extensive semi-arid 

grasslands that have in large part been converted to row-crop agriculture (Gibson 1932). Annual 

precipitation ranges from 355mm-559mm depending on location in the region (Allen et al. 2008), 

with much of the precipitation occurring in non-growing months (Gibson 1932). In Lubbock 

County, Texas, more than 200,000 hectares of land are cultivated annually (USDA 2017), leading 

to the region being one of the biggest producers of cotton in the world. In addition to cotton 

production, other dominant crops grown in the region include sorghum, corn, peanuts, and cereal 

grains. Other crops produced at smaller scales are pumpkins and other cucurbits, apples, and a 

variety of crops grown in greenhouse or high-tunnel production systems such as tomatoes and 

berries (USDA 2012).  

Field Experimental Design and Data Collection 

The study was conducted on a 123.4-hectare semi agroecosystem parcel of land 

(Lubbock County, TX). The study area consists of a small research farm containing cultivated row 
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crops grown conventionally with smaller portions of turfgrass, wildflower trials, and two small 

restored fields containing wildflower mixes sown in 2016. Approximately seven percent of the 

farm (20 acres) contained wildflower species with high floral abundances, and these were the 

areas identified for sampling. The agroecosystem is located at the nexus of an urban area (i.e. 

Lubbock, TX, population 252,506). The region historically was dominated by shortgrass prairies 

and grasslands (Allen et al. 2008).  

 Habitats at the study site were identified that contained relatively high floral abundances, 

which represented locations where our chances of seeing foraging bees were likely greatest, and 

where high abundances of bees have been observed previously. The flowering plants occurring in 

the selected habitat patches included approximately 21 species or varieties (Table 2.1), with 

Indian blanket (Gallairdia pulchella), bee balm (Monarda citriodora), Tahoka daisy 

(Machaeranthera tanacetifolia), and basket flower (Centaurea americana) being some of the 

common flowering plants among floral patches.  

 Four honey bee hives were placed on a flatbed trailer and strapped down to facilitate 

transportation offsite. After the first hive removal period, the hives were position on the north-

western edge of the study site. In this location, the honey bees maintained access to floral 

resources throughout the farm and adjacent habitat because of their ability to fly multiple 

kilometers during foraging. For removal of hives from the study area, hives were transported 

approximately 7 km away to a local farm (Lubbock County, Texas). Hive quality during the 

sampling timeframe was assessed with an initial colony health inspection and during the sampling 

periods the hives were observed to ensure active foraging by bees. The four hives maintained 

active foragers and strong colonies throughout the duration of the study. Further, evidence from 

data analysis shows that honey bee abundances were significantly different between honey bee 

presence and absence periods (i.e. before, during, and after hive-removal sampling periods), 

indicating that hive manipulations influenced local honey bee abundances. Hives were removed 

from the study site at dusk to ensure foragers had returned to the hives. The subsequent day, 

observations were recorded for the “during” hive removal sampling. In the evening of the second 

day the hives were returned to the farm after dusk, with the “after” sampling period occurring on 

this third day. This sequence was repeated across four different sampling dates, with bee 
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abundances and foraging data pooled across dates for each sampling period (see data analysis 

below). Because of shifts in weather within our three-day hive removal sequences, in some cases 

the number of observations vary across the before, during, and after periods.  

 During the months of May-August in 2017, bee sampling consisted of observational 

counts and measurements of foraging characteristics of selected, common bee groups (i.e. honey 

bees, bumble bees, halictid bees, non-halictid bees, and other pollinators) within the identified 

floral patches. Across the different floral patches identified in our study farm, on each hive 

manipulation date a minimum of 15 sampling patches measuring 1m2 were randomly selected 

along a transect within floral habitats using a random number generator. All observations were 

made on mostly cloud free days and wind speeds below 20 mph. Within each 1m2 patch, floral 

abundance and floral diversity were recorded by recording the types of floral resources in the 

given patch and counting the number of flowers in the given patch. Bee count data was recorded 

by observing pollinators for five-minutes and recording the bees visiting the 1m2 patch, following 

the methods of Potts (2005). Each individual bee observed during those five minutes was tallied 

into one of five groups; honey bee (Apis mellifera), bumble bee (Bombus sp.), Halictidae, non-

halictids (Hymenoptera: Apoidea), and others (i.e. non-bee pollinators). Individuals visiting flowers 

were tallied only if the visit was likely to contribute to pollen transfer, i.e. floral sexual organs were 

contacted (Goras et al. 2016, Shavit et al. 2009).  

 Following counts of individual bee groups, foraging behaviors and interactions were 

observed for an additional five-minute period within each 1m2 patch. Observations of individual 

bees were initiated when a bee crossed the boundary from outside to within the sampling patch. 

Only one bee was observed and recorded at a time to ensure precise associations of bee 

behaviors with each individual observed. Bees initially observed in a patch were followed up to 1 

m outside the patch if observations were initiated for that individual. Individual bees were treated 

as independent samples; a suite of foraging behaviors associated with one individual was one 

sample for that bee group during a particular hive manipulation period (i.e. before, during, and 

after). For foraging observations and data analysis, each bee observed was given a unique 

identifier and attribute data for that individual was recorded: bee type (using the same bee 

grouping as the abundance data collection), time spent foraging in patch, type of flowers foraged 
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upon, and number of flowers foraged upon (Table 2.2). In addition to foraging variables—time 

spent foraging and number of flowers visited, sequence codes for individual bee behaviors were 

recorded following Potts (2005): approach (A), legitimate visit (V), pollen collection (P), grooming 

behavior (G), nectar behavior (N), other rewards (O), stigma touch (S), and move-to (M). 

Behaviors associated with aggression were also recorded: interaction/antagonist (IA), 

interaction/protagonist (IP), interaction/reattacked (IR), and interaction/displaced (ID). Furthermore, 

interacting species were recorded as antagonist (attack initiator) or protagonist (attack recipient). 

Additionally, length of interaction, whether an individual was displaced, and the number of 

aggressive attacks were recorded (Table 2.2). It is important to note that observations relied on 

the frequencies and densities by which bees foraged, with higher densities of bees obviously 

facilitating more observations, thus in some cases patches were visited infrequently during the 

period of observation, leading to low counts and non-normal distributions associated with count 

data.   

Statistical Analysis 

 Analysis of floral density was used to ensure the number of flowers per patch was not a 

cofounding variable influencing bee abundances. Three floral density categories, low, medium, 

and high floral density, were calculated by dividing floral density per patch into tertials. Bee 

abundance observations produced non-normal count data. Data was grouped based on the 

number of flowers per patch to produce mean abundances. For analysis, Poisson and negative 

binomial distributions were compared using the Alkali Information Criterion (AIC) to determine 

which model fit the data best. A generalized linear model with a Poisson distribution was used to 

analyze differences in abundances, with floral density as the independent variable (SPSS 2017).  

Bee abundances for each different bee group were combined for each hive manipulation 

period (before, during, and after). For each bee group, mean abundances were compared across 

periods using a negative binomial regression model because of the non-normal distribution of bee 

count data across sampled patches. Analyses were conducted using SPSS.  

 Similar to bee abundance data, non-sequential behavioral data (e.g. mean number of 

flowers visited, number of behaviors performed by individuals during a foraging bout, and time 

spent foraging during a forging bout) were analyzed using a negative binomial regression with 



 
 Texas Tech University, Bianca Rendon, August 2018 

 32 

hive manipulation period as independent variable and changes in mean number of flowers visited, 

number of behaviors performed, and time spent foraging as the explanatory variable. Time data 

was transformed into a 1-10 rank with each rank representing 10 seconds (Table 2.3). Non-

sequential behavioral data was analyzed using SPSS.  

 Behavioral sequence data was analyzed using Bakeman and Quera’s (2016) Generalized 

Sequential Querier (GSEQ), a behavioral analysis program that standardizes sequential 

behaviors based on initial sequencing statistics. Although 12 behaviors were recorded, grooming 

and other reward-gathering behaviors were not observed during the experiment, resulting in a 

10x10 behavioral transitional matrix. This matrix was used to analyze sequences for non-

randomness using chi-square analysis and differences between one-way behavioral transitions of 

each bee group and hive manipulation periods. Only honey bees, Halictidae, and non-halictids 

were observed, and this resulted in a total of 8 transition matrices for analysis. 

 To analyze each transition matrix, one-way behavioral transition frequencies were 

calculated (i.e. how many times did a one-way behavioral transition occur for that bee group at 

that hive manipulation type). Using the observed frequencies, expected frequencies (the 

probability of the second target behavior multiplied by the first given behavior) were calculated for 

each behavioral transition. Lastly, adjusted residuals (a statistic used to compare the deviation of 

the observed transition frequency from the expected frequency) for each transition were 

calculated to produce a z-score and associated P value (Bakeman et al. 1996). Thus, significant 

one-way behavioral transitions are transitions that significantly occurred more than expected. 

Similar analyses of animal behaviors have been conducted on mosquito mating behaviors 

(Hancock et al. 1990), reproductive behaviors in Murgantia histrionica, a fire bug (Zahn et al. 

2008), navel orangeworm mating behaviors (Girling and Cardé 2006) and cardinal song 

sequences (Lemon and Chatfield 1971).  

To examine the differences between foraging behaviors before, during, and after hive 

removal, one-way behavioral transitions for each bee group were compared using a Kruskal-

Wallis test (Girling and Cardé 2006). For the Kruskal-Wallis test, the entire sequence was not 

evaluated but instead behavioral transitions were used, i.e. the sequence of one behavior 

followed by another different behavior. For example, approach to visit was coded as a transitional 
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behavior and the frequency count of this transition was compared before, during, and after honey 

bee hive removal. Additionally, foraging proportions (the proportion of the different foraging 

behaviors performed during foraging bouts) were analyzed with a Kruskal-Wallis test in SPSS to 

examine how the type of foraging behaviors changed before, during, and after hive removal.  

RESULTS 

Bee Abundances 

 Across the study, a total of 403 patches were observed across the four sampling periods. 

Abundances of bees did not differ based on number of flowers per patch, likely a result of our 

selection of the most floral abundant habitat patches within the agroecosystem. On average, a 

mean of 0.687 (s.d. ± 1.463) honey bees were observed per patch, while Halictidae were less 

abundant than honey bees 0.308 (± 0.969) and bumble bees were infrequently observed ("̅= 

0.047, ± 0.255). “Other” non-bee pollinators occurred in abundances intermediate between 

relatively uncommon bumble bees and halictids ("̅	= 0.213, ± 0.555) and non-halictid bees 

occurred in relatively low mean abundances ("̅	= 0.161, ± 0.587). 

Across 403 patches,187 observations of individuals patches were made before removal, 

120 during hive removal, and 96 after hives were returned to the field. Bee groups other than 

Halictidae followed similar patterns of changes in abundances during hive manipulation periods. 

For these bees, before hive removal the highest abundances of bees were observed, while during 

hive removal the lowest abundances were observed. In contrast, the highest abundances of 

Halictidae occurred during hive removal period (0.425 individuals observed during hive removal 

versus 0.278 before removal and 0.219 after return) (Table 2.4).  

Each bee group was estimated to have less bees occur during and following hive return 

when compared to before hive removal, based on results of negative binomial regression (Table 

2.5). Honey bees were the only bee group estimated to exhibit significantly less individuals during 

hive removal (B = -0.9, P < 0.001) than after hive return (B = 0.71, P = 0.002), and this was 

expected since we were trying to reduce numbers of honey bees during hive removal. Differences 

in abundances during hive removal was observed in non-halictids (B = -1.11, P = 0.007) and other 

non-bee pollinators (B = -0.727, P = 0.028) when compared to before hive removal. After hive 



 
 Texas Tech University, Bianca Rendon, August 2018 

 34 

return, significantly less non-halictids (B = -1.21, P = 0.006) and Halictidae (B = -1.03, P = 0.008) 

were found to occur compared to abundances before hive removal. 

Foraging Behaviors 

 The foraging behaviors of honey bees before hive removal (χ2 = 939.69, df = 71, P < 

0.0001), during hive removal (χ2 = 94.49, df = 71, P = 0.0327), and after hive return (χ2 = 329.08, 

df = 71, P < 0.0001) differed from random across the three hive manipulation periods, while 

Halictidae and non-halictid foraging behavioral transitions did not differ from random (Fig 2.2.1-

2.4.2).  

 Thirty-nine honey bee behavioral sequences were observed before hive removal, 

accounting for a total of 429 individual honey bee behaviors (Table 2.6.1). While hives were 

removed, 10 sequences were recorded that included a total of 118 individual behaviors (Table 

2.6.2). Following the return of bee hives, 154 individual behaviors in 16 different honey bee 

behavioral sequences were observed (Table 2.6.3). Approach to pollen gathering, approach to 

move-to, pollen gathering to move-to, and move-to to approach significantly occurred more than 

expected for honey bees at each hive manipulation (before, during, and after exclusion; P < 

0.0001). Furthermore, pollen gathering to approach was significantly different only before hive 

removal and during hive removal (P < 0.0001), while before hive removal approach to visit (P = 

0.0008), visit to approach (P = 0.0074), move-to to visit (P = 0.0089), and move-to to pollen 

gathering (P < 0.0001) were significant. During hive removal for honey bees, pollen gathering to 

protagonist interaction (P = 0.0142) and protagonist interaction to pollen gathering (P = 0.0155) 

were significant, yet the “during” period was attributed to the lowest abundances of honey bees. 

Visit to pollen gathering (P = 0.006), pollen gathering to visit (P = 0.0313), pollen gathering to 

protagonist interaction (P = 0.006), and protagonist interaction to displaced interaction (P < 

0.0001) were significant transitions after hives were returned. No significant differences occurred 

when comparing behavioral transitions between hive periods (Kruskal-Wallis, χ2 = 2.628, df = 2, P 

= 0.269). 

 Nineteen Halictidae foraging sequences consisting of 95 individual behaviors were 

recorded before hive removal (Table 2.7.1). During removal, 15 sequences with 60 behaviors 

were recorded (Table 2.7.2). However, within the Halictidae group only 6 sequences totaling 30 
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behaviors were observed after the hives were returned (Table 2.7.3). Only approach to pollen 

gathering and move-to to approach were significantly different for each hive manipulation period 

(before, during, and after, P < 0.004). Approach to move-to and move-to to pollen gathering were 

both significantly different before and during hive removal (P <0.0075). Before hive removal, 

approach to visit (P = 0.0008), visit to nectar gathering (P = 0.0015), pollen gathering to approach 

(P = 0.0045), and pollen gathering to move-to (P = 0.0024) were significantly different transitions. 

Stigma touch to pollen gathering was also significant during hive removal (P = 0.0361). After 

hives were returned, pollen gathering to protagonist interaction (P = 0.0061), protagonist 

interaction to displaced interaction (P < 0.0001), displaced interaction to move-to (P = 0.0292), 

and displaced interaction to reattacked interaction (P = 0.0088) significantly occurred. However, 

similar to honey bees, significant differences in behavioral transitions did not occur across the 

three hive manipulation periods. (Kruskal-Wallis, χ2 = 0.54, df = 2, P = 0.763). 

 Non-halictid foraging sequences were only recorded before hive removal (n = 12 

sequences and 92 individual behaviors) and after hive return (n = 6, 60 behaviors) (Tables 

2.8.1and 2.8.2). Approach to pollen gathering, pollen gathering to approach, and move-to to 

approach were significant before and after hive return (P < 0.02). Before removal, approach to 

move-to (P < 0.0001) and pollen gathering to move-to (P < 0.0001) were significant. For non-

halictid bees during the “after” period, visit to stigma touch (P = 0.0435) and pollen gathering to 

visit (P = 0.0277) were significant. No significant differences in foraging sequences occurred 

across the before and after hive manipulation periods (Kruskal-Wallis, χ2 = 0.061, df = 1, P = 

0.805). 

 Differences between the total proportions of behaviors performed for each bee group 

across the different hive manipulation periods were not significantly different for honey bees, 

Halictidae, and non-halictids (honey bee: Kruskal-Wallis, χ2 = 0.187, df = 2, P = 0.911 (Fig 2.5.1); 

Halictidae: Kruskal-Wallis, χ2 = 0.251, df = 2, P = 0.882 (Fig 2.6.1); non-halictid: Kruskal-Wallis, χ2 

= 0.027, df = 1, P = 0.869 (Fig 2.7). Further, the proportion of foraging interactions of honey bees 

did not differ significantly across the three honey bee hive manipulation periods (Kruskal-Wallis, 

χ2 = 1.084, df = 2, P = 0.581) (Fig 2.5.2), but differences in foraging behavior proportions for 
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Halictidae were just above the alpha level indicating significance (Kruskal-Wallis, χ2 = 5.677, df = 

2, P = 0.059) (Fig 2.6.2).  

 Individual behaviors (i.e. not behavioral sequences), the mean number of flowers visited, 

number of behaviors performed during a foraging bout, and foraging time during a foraging bout 

varied among the different bee groups. For each bee group, the mean number of flowers visited 

decreased as a result of hive removal; less flowers were visited when hives were removed 

compared to before removal. Additionally, visitation rates for all bee groups were reduced when 

hives were returned (Table 2.9). Generally, honey bees performed most behaviors when hives 

were removed (12.33 before, 12.8 during, 10.63 after), while Halictidae performed the least 

number of behaviors during hive removal (6 before, 5 during, 6 after). Moreover, Halictidae 

performed the least number of behaviors during each of the hive manipulation periods when 

compared to honey bees and non-halictids (Table 2.9). Time spent foraging was greatest for 

honey bees (1:01.28), while the Halictidae spent the least amount of time foraging (00:42.67). For 

non-halictid, sharp declines in foraging time and increases in the number of behaviors occurred 

following hive returns was observed (Table 2.9); which accounted for the only significant negative 

binomial regression model predictions. Non-halictids were found to perform 0.309 more behaviors 

(P = 0.049) and spend 0.48 less time foraging (P = 0.033) during the “after” period when honey 

bee hives were returned (Table 2.10). 

DISCUSSION 

This study investigated how the presence or absence of honey bee hives from a local 

field influenced native bees. Overall, several differences in foraging behaviors and abundances 

were found, with bee groups showing changes across the before, during, and after hive 

manipulation periods. Further, the removal of hives led to statistically significant differences in 

honey bee abundances between the during removal period and the before and after hive removal 

periods, indicating that our methods of hive removal were sufficient to decrease local abundances 

of honey bees. However, our sampling area was permeable to immigrating honey bees from feral 

colonies, so it was not known how many feral honey bees contributed overall to abundances in 

each of the sampling periods.   
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Halictidae abundances increased sharply during the period when honey bees were 

removed from the study location, suggesting that some competition for resources could exist 

between halictid bees and honey bees, and this is important considering that halictids are 

typically among the most abundant pollinators. Furthermore, non-halictids and Halictidae were 

shown to have relatively lower abundances following the return of honey bees hives to the study 

site (non-halictid: B = -1.21, P = 0.006; Halictidae: B = -1.028, P = 0.008). Previous studies have 

shown that native bee abundances increased significantly following the removal of honey bee 

hives (Shaffer et al. 1983, Shavit et al. 2009), as well as decreased abundances when honey bee 

hives were present in a German nature reserve (Hudewenz and Klein 2013). However, Steffan-

Dewenter and Tsharntke (2000) found contrasting results; native bee densities were not affected 

by honey bee colonies within 2 km of the field site. These varying results can be explained within 

the context of native bee foraging strategies and social organization (Hudewenz and Klein 2013, 

Roubik 1978, Steffan-Dewenter and Tsharntke 2000). Competition between honey bees and 

native bees is thought to be avoided if the native bee is a generalist forager capable of switching 

to a different foraging plant (Hudewenz and Klein 2013, Steffan-Dewenter and Tsharntke 2000). 

Whereas, if those generalist forage on the same plants as honey bees, honey bee impacts could 

occur (Steffan-Dewenter and Tsharntke 2000). Furthermore, daily foraging patterns can influence 

abundances of native bees as honey bees are introduced to a location. For individuals foraging 

late in the day, honey bees can deplete daily pollen and nectar, thereby reducing the number of 

foraging native bees (Carneiro and Martins 2012).    

Across periods of hive presence or absence, foraging behaviors only changed slightly. 

After hive return, honey bees visited less flowers and performed less behaviors but spent longer 

time foraging. Based on foraging proportions, honey bees gathered pollen at a higher rate after 

hives were returned than before and during hive removal, explaining why less behaviors and 

more time foraging were observed. Unlike honey bees, non-halictids spent less time foraging and 

performed more behaviors. In contrast, Goras et al. (2016) found native bee mean foraging time 

increased as honey bee density increased. One explanation for this difference could be attributed 

to the different manipulations associated with honey bee hives; Goras et al. (2016) increased the 

number of hives in the study plot throughout the field season, while in this project honey bee 
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manipulation focused on abrupt removal and introduction of bees to an area. Furthermore, Goras 

and co-authors foraging times were for all native bees combined not just non-halictids, which may 

explain these dissimilarities.  

 Unlike the other bee groups, 15 percent more Halictidae occurred while hives were 

removed, attributed to relatively lower abundance of honey bees during hive removal. 

Additionally, Halictidae performed less behaviors, spent more time foraging and visited fewer 

flowers during hive removal. Following the return of hives, foraging interactions between 

Halictidae and the other groups were nearly significant, showing an increasing trend in the 

frequencies of interactions (Kruskal-Wallis, χ2 = 5.677, df = 2, P = 0.059). Although it is 

hypothesized that honey bees tend to be more aggressive due to their foraging strategies, social 

structure, and exploitation of higher quality plants from foraging workers (De Menzes and De 

Camargo 1991, Goulson 2003, Pinkus-Rendon et al. 2005, Schaffer et al. 1983, Steffan-Dewenter 

and Tscharntke 2000), similar results were not observed here. Following the return of honey bee 

hives to our study site, Halictidae interactions increased in frequency, although other native bees 

were predominately the aggressor, suggesting intraspecific aggression. Pinkus-Rendon et al. 

(2005) found native squash bees were attacked and displaced by Halictidae species 50 percent 

more times than introduced honey bees when foraging in cucurbit flowers. Aggression has been 

shown to be species specific, as those that are large, forage in large groups, and exploit patchy 

resources tend to be more aggressive when compared to smaller-sized species (Hubbell and 

Johnson 1977), which is in contrast to the aforementioned findings in Pinkus-Rendon et al. 

(2005). Perhaps the extreme numerical dominance of the Halictidae across different ecoregions, 

although halictid individuals are relatively small-sized bees across genera, has been aided by 

aggressive behaviors. Attacked foraging Halictidae following hive returns were displaced 13 

percent of all interactions, suggesting an overall increase in aggressive behavior when honey 

bees entered the study site suddenly (i.e. when they were returned to the study site). Honey bee 

attacks were more frequent than expected by chance while Halictidae performed pollen gathering 

behaviors (n = 5, P = 0.0061) potentially reducing the amount of pollen provisioned for future 

offspring and influencing fecundity and population size (Paini 2004). Consequently, those halictids 
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attacked by honey bees were displaced (n = 5, P < 0.0001) from the floral resource and either 

performed the move-to behavior (n = 3, P = 0.0292) or were reattacked (n = 1, P = 0.0088). 

Declines in native bee abundances as a result of honey bee presence could impact 

agroecosystems depending on honey bees pollination (Butz Huryn 1997). In crops where honey 

bees are used exclusively for pollination, such as almonds, production would probably not be 

hindered as a result of decreases in native bee abundances (Butz Huryn 1997). However, where 

crops benefit from contributions by native bees, honey bees could influence pollinator services 

through interactions that influence foraging. Accordingly, in such crops, honey bees could impact 

native bees and influence pollination (Butz Huryn 1997). In apples, increases in native bee 

diversity, richness, and abundances lead to increases in seed set and decreases in pollen 

limitation (Blitzer et al. 2016). Moreover, when honey bee abundances were increased this 

improved production in apples did not occur (Blitzer et al. 2016). In some cases, co-occurrence of 

honey bees and native bees might additively improve pollination. Greenleaf and Kreman (2006) 

found that native bee cooccurring with honey bees increased the number of seeds produced per 

honey bee visit.  

 The goal of this study was to examine how native bee abundances and foraging 

behaviors changed with honey bee hive manipulations. Effectively removing hives throughout the 

season proved to be challenging, yet from our limited removal periods (N = 4), honey bee 

abundances during exclusion were significantly lowered. First, in a natural field setting it is 

impossible to completely removal all honey bee pressure, so honey bees were present while 

hives were removed. In other studies, the goal has generally been to increase numbers of 

foraging bees within an area of interest (e.g. Goras et al. 2016) or field level treatments of honey 

bee hive presence or absence (e.g. Goulson and Sparrow 2009), not the removal of bee hives 

from areas to measure impacts as in our study. Further, hive transport could influence honey 

bees and exhibited behaviors, but this was not seen in our study. Migratory honey bees exhibited 

a reduced lifespans and higher oxidative stress after hives were returned to their initial hive 

location before transport (Simone-Finstrom et al. 2016). Similar to Girling and Cardé (2006) non-

significant differences found across bee groups, behaviors, and our analyses could be attributed 

to small sample size regarding the total number of behaviors observed (Halictidae: n = 95 before, 
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n = 60 during, and n = 30 after; non-halictid: n = 92 before, n = x during and n = 60 after). Similar 

issues regarding sample size following the utilization of comparable manipulation methods have 

been observed (Shavit et al. 2009). Increasing the number of hive manipulations in our study led 

to some significant differences in abundances of bee groups and behaviors; yet increasing the 

number of periods or including multiple sites with simultaneous removals would benefit further 

studies investigating honey bee and native wild bee interactions.  

  In the Southern High Plains region, high demand for honey bee pollination exists 

because of the production of crops such as pumpkins and apples that require inputs from bee 

pollinators. To date, research has been limited regarding how honey bee introductions could 

influence foraging and pollination by native bees, and it is unknown how these could further 

influence crop production and wild plant communities. This study facilitated an initial assessment 

of the potential influence honey bees could have on the foraging behaviors and interactions 

associated with native bees in the Southern High Plains agricultural region. Considering the 

intensification of agriculture in the region and the need for pollinators (Koh et al. 2015), it is 

important to understand how honey bees managed for crop pollination could impact native 

pollinator communities and broader biodiversity. Promoting agroecosystems in an ecological 

context requires understanding how farm production practices, including crop pollinator services 

by insects, influence natural communities. Findings of this study show honey bees could be 

influencing native bees and the ecosystem services and broader animal and plant biodiversity 

they support, yet further controlled studies using honey bee exclusions are needed to improve the 

understanding of managed honey bee and native bee interactions and their competition for 

compromised floral resources.  
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Table 2.1- Flower species occurring in the study site.  
Common name Species Plant 

abundance 
Plant 

relative 
abundance 

Basket Flower Centaurea americana 36 0.098 

Bee Balm Monarda citriodora 37 0.101 

Bindweed Convolvulus arvensis 1 0.003 

Black Eyed Susan Rudbeckia hirta 2 0.005 

Blueweed Helianthus ciliaris 1 0.003 

Coreopsis Coreopsis lanceolata 3 0.008 

Cowpen Daisy Verbesina encelioides 1 0.003 

Indian Blanket Gaillardia pulchella 163 0.445 

Mesquite Flower Prosopis glandulosa 1 0.003 

Mexican Hat Ratibida columnifera 16 0.044 

Missouri Primrose Oenothera macrocarpa 1 0.003 

Oxeye Daisy Leucanthemum vulgare 3 0.008 

Plains Zinnia Zinnia grandiflora 1 0.003 

Prairie Verbena Glandularia bipinnatifida 3 0.008 

Salvia Perovskia atriplicifolia 17 0.046 

Sandbell Nama hispidum 2 0.005 

Silverleaf Night Shade Solanum elaeagnifolium 25 0.068 

Sleepy Daisy Xanthisma texanum 1 0.003 

Sunflower Helianthus annuus 5 0.014 

Tahoka Daisy Machaeranthera tanacetifolia 37 0.101 

Winecup Callirhoe involucrata 10 0.027 

 
 
Table 2.2- Bee foraging variables used to describe foraging behaviors and sequences (from Potts 

2005). 
Variable Type Variable 
Time spent foraging Individual foraging time spent during a foraging bout 
Number of flowers visited Number of flowers visited during a foraging bout 
Foraging Sequence Variables 
Types 

Variable Description 

Approach (A) Bee approaches flower inspecting flowers age and reward 
Visit (V) Bee on flower, not collecting any resources 
Pollen gathering (P) Actively and visibly gathering pollen on the flower 
Grooming behavior (G) Grooming or cleaning body from pollen 
Nectar gathering (N) Actively and visibly uptaking nectar from flower 
Other rewards (O) Collecting oils, resins, and gums from flower 
Stigma touch (S) Touching and moving around stigma 
Move to (M) Bee flying/moving between flowers 
Interaction, antagonist (IA) Bee attacking another bee (attacker) 
Interaction, protagonist (IP) Bee attacked by another bee (recipient of aggression 
Interaction, displacement (ID) Bee displaced after being attacked by another bee 
Interaction, reattacked (IR) Bee reattacked by attacker  
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Table 2.3- Time ranking used to analyze non-sequencing foraging behaviors in SPSS 
Time Rank Time 

1 00:00.00-00:09.99 
2 00:10.00-00:19.99 
3 00:20.00-00:29.99 
4 00:30.00-00:39.99 
5 00:40.00-00:49.99 
6 00:50.00-00:59.99 
7 01:00.00-01:09.99 
8 01:10.00-01:19.99 
9 01:20.00-01:29.99 

10 01:30.00 
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Table 2.4- Mean and standard deviation of bee occurrences during each hive manipulation (n=403). 
  Honey Bee Bumble Bee Non-Halictidae Halictidae Other 
Exclusion n Mean Std Dev Mean Std Dev Mean Std Dev Mean Std Dev Mean Std Dev 
Before 187 0.802 1.636 0.064 0.304 0.241 0.726 0.278 0.878 0.262 0.596 
During 120 0.508 1.181 0.017 0.129 0.083 0.306 0.425 1.307 0.150 0.513 
After 96 0.688 1.417 0.052 0.266 0.104 0.533 0.219 0.547 0.198 0.515 

 
 
 
Table 2.5- Predicted changes (B) in bee occurrences during each hive manipulation.  

 Honey Bee Bumble Bee Non-Halictidae Halictidae Other 
Exclusion B Std 

Err 
Sig B Std 

Err 
Sig B Std 

Err 
Sig B Std 

Err 
Sig B Std 

Err 
Sig 

Before . . . . . . . . . . . . . . . 
During -0.90 0.23 0.001 -0.91 0.80 0.256 -1.11 0.41 0.007 -0.34 0.31 0.280 -0.73 0.33 0.028 
After -0.71 0.23 0.002 0.01 0.60 0.994 -1.21 0.44 0.006 -1.03 0.39 0.008 -0.26 0.35 0.455 

Data was based on a negative binomial regression. “Before” was treated as the original state, meaning all predicted values are differences 
from “Before.” For example, honey bees are predicted to have 0.9 less individuals occur when hives are removed (during) than before 
removal. 
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Table 2.6.1- Honey bee before hive removal foraging behaviors transition matrix 

Given Behaviors: 

Target Behaviors: 
 

A V P N S M Ia Ip Ir Id Totals 

A 0 17** 114*** 0 0 20*** 0 0 0 0 151 

V 2** 0 9 0 0 13 0 0 0 0 24 

P 3*** 5 0 0 0 113*** 0 1 0 0 122 

N 0 0 0 0 0 0 0 0 0 0 0 

S 0 0 0 0 0 0 0 0 0 0 0 

M 125*** 2** 1*** 0 0 0 1 0 0 0 129 

Ia 0 0 0 0 0 1 0 0 0 0 1 

Ip 0 0 0 0 0 0 0 0 0 1 1 

Ir 0 0 0 0 0 0 0 0 0 0 0 

Id 0 0 0 0 0 1 0 0 0 0 1 

Totals 130 24 124 0 0 148 1 1 0 1 429 

Based on 39 honey bee foraging observations with 429 different individual foraging behaviors 
observed. A, approach; V, visit; P, pollen gathering; N, nectar gathering; S, stigma touch; M, 
move to; Ia, interaction, antagonist; Ip, interaction, protagonist; Ir, interaction, reattacked; Id, 
interaction, displaced. Data was analyzed using GSEQ sequencing program. *= P < 0.05, **= P < 
0.01, ***= P < 0.0001. This table displays one-way behavioral transitions and should be read as 
the changes between given and target behaviors. For example; approach to pollen gathering 
occurred 114 times and was highly significant (P < 0.0001), while pollen gathering to visit 
occurred 5 times and was not significant.  
 
 
Table 2.6.2- Honey bee during hive removal foraging behaviors transition matrix 

Given Behaviors: 

Target Behaviors: 
 

A V P N S M Ia Ip Ir Id Totals 

A 0 2 32*** 0 0 9*** 0 0 0 0 43 

V 0 0 0 0 0 2 0 0 0 0 2 

P 1*** 0 0 0 0 30*** 0 2* 0 0 33 

N 0 0 0 0 0 0 0 0 0 0 0 

S 0 0 0 0 0 0 0 0 0 0 0 

M 38*** 0 0 0 0 0 0 0 0 0 38 

Ia 0 0 0 0 0 0 0 0 0 0 0 

Ip 0 0 2* 0 0 0 0 0 0 0 2 

Ir 0 0 0 0 0 0 0 0 0 0 0 

Id 0 0 0 0 0 0 0 0 0 0 0 
Totals 39 2 34 0 0 41 0 2 0 0 118 

Based on 10 honey bee foraging observations with 118 different individual foraging behaviors 
observed. A, approach; V, visit; P, pollen gathering; N, nectar gathering; S, stigma touch; M, 
move to; Ia, interaction, antagonist; Ip, interaction, protagonist; Ir, interaction, reattacked; Id, 
interaction, displaced. Data was analyzed using GSEQ sequencing program. *= P < 0.05, **= P < 
0.01, ***= P < 0.0001. This table displays one-way behavioral transitions and should be read as 
the changes between given and target behaviors. For example; approach to pollen gathering 
occurred 32 times and was highly significant (P < 0.0001), while visit to move-to only occurred 2 
times and was not significant.   
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Table 2.6.3- Honey bee after hive exclusion foraging behaviors transition matrix 

Given Behaviors: 

Target Behaviors: 
 

A V P N S M Ia Ip Ir Id Totals 

A 0 2 34*** 0 0 13*** 0 0 0 0 49 

V 0 0 5** 0 0 2 0 0 0 0 7 

P 0 5* 0 0 0 39*** 0 3** 0 0 47 

N 0 0 0 0 0 0 0 0 0 0 0 

S 0 0 0 0 0 0 0 0 0 0 0 

M 45*** 0 0 0 0 0 0 0 0 0 45 

Ia 0 0 0 0 0 0 0 0 0 0 0 

Ip 0 0 0 0 0 0 0 0 0 3*** 3 

Ir 0 0 0 0 0 0 0 0 0 0 0 

Id 0 0 1 0 0 2 0 0 0 0 3 

Totals 45 7 40 0 0 56 0 3 0 3 154 

Based on 16 honey bee foraging observations with 154 different individual foraging behaviors 
observed. A, approach; V, visit; P, pollen gathering; N, nectar gathering; S, stigma touch; M, 
move to; Ia, interaction, antagonist; Ip, interaction, protagonist; Ir, interaction, reattacked; Id, 
interaction, displaced. Data was analyzed using GSEQ sequencing program. *= P < 0.05, **= P < 
0.01, ***= P < 0.0001. This table displays one-way behavioral transitions and should be read as 
the changes between given and target behaviors. For example; approach to pollen gathering 
occurred 34 times and was highly significant (P < 0.0001), while visit to move-to only occurred 2 
times and was not significant.   
 
 
Table 2.7.1- Halictidae before hive removal foraging behaviors transition matrix 

Given Behaviors: 

Target Behaviors: 
 

A V P N S M Ia Ip Ir Id Totals 

A 0 12** 16** 0 0 2*** 0 0 0 0 30 

V 0 0 4 2** 0 12 0 0 0 0 18 

P 1** 4 0 0 0 19** 0 0 0 0 24 

N 0 0 0 0 0 2 0 0 0 0 2 

S 0 0 0 0 0 0 0 0 0 0 0 

M 18*** 0 1** 0 0 0 0 1 0 0 20 

Ia 0 0 0 0 0 0 0 0 0 0 0 

Ip 0 0 0 0 0 1 0 0 0 0 1 

Ir 0 0 0 0 0 0 0 0 0 0 0 

Id 0 0 0 0 0 0 0 0 0 0 0 

Totals 19 16 21 2 0 36 0 1 0 0 95 

Based on 19 Halictidae foraging observations with 95 different individual foraging behaviors 
observed. A, approach; V, visit; P, pollen gathering; N, nectar gathering; S, stigma touch; M, 
move to; Ia, interaction, antagonist; Ip, interaction, protagonist; Ir, interaction, reattacked; Id, 
interaction, displaced. Data was analyzed using GSEQ sequencing program. *= P < 0.05, **= P < 
0.01, ***= P < 0.0001. This table displays one-way behavioral transitions and should be read as 
the changes between given and target behaviors. For example; approach to pollen gathering 
occurred 16 times and was significant (P < 0.01), while visit to pollen gathering only occurred 4 
times and was not significant. 
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Table 2.7.2- Halictidae during hive removal foraging behaviors transition matrix 

Given Behaviors: 

Target Behaviors: 
 

A V P N S M Ia Ip Ir Id Totals 

A 0 1 8*** 0 0 4** 0 0 0 0 13 

V 0 0 1 0 0 5 0 0 0 0 6 

P 0 1 0 0 1 21 0 0 0 0 23 

N 0 0 0 0 0 0 0 0 0 0 0 

S 0 0 1* 0 0 0 0 0 0 0 1 

M 12** 3 2** 0 0 0 0 0 0 0 17 

Ia 0 0 0 0 0 0 0 0 0 0 0 

Ip 0 0 0 0 0 0 0 0 0 0 0 

Ir 0 0 0 0 0 0 0 0 0 0 0 

Id 0 0 0 0 0 0 0 0 0 0 0 

Totals 12 5 12 0 1 30 0 0 0 0 60 

Based on 15 Halictidae foraging observations with 60 different individual foraging behaviors 
observed. A, approach; V, visit; P, pollen gathering; N, nectar gathering; S, stigma touch; M, 
move to; Ia, interaction, antagonist; Ip, interaction, protagonist; Ir, interaction, reattacked; Id, 
interaction, displaced. Data was analyzed using GSEQ sequencing program. *= P < 0.05, **= P < 
0.01, ***= P < 0.0001. This table displays one-way behavioral transitions and should be read as 
the changes between given and target behaviors. For example; approach to pollen gathering 
occurred 8 times and was highly significant (P < 0.0001), while visit to pollen gathering only 
occurred 1 time and was not significant.   
 
 
Table 2.7.3- Halictidae after hive return foraging behaviors transition matrix  

Given Behaviors: 

Target Behaviors: 
 

A V P N S M Ia Ip Ir Id Totals 

A 0 1 6** 0 0 0 0 0 0 0 7 

V 0 0 1 0 0 0 0 0 0 0 1 

P 0 0 0 0 0 4 0 5** 0 0 9 

N 0 0 0 0 0 0 0 0 0 0 0 

S 0 0 0 0 0 0 0 0 0 0 0 

M 3*** 0 0 0 0 0 0 0 0 0 3 

Ia 0 0 0 0 0 0 0 0 0 0 0 

Ip 0 0 0 0 0 0 0 0 0 5*** 5 

Ir 0 0 0 0 0 1 0 0 0 0 1 

Id 0 0 0 0 0 3* 0 0 1** 0 4 

Totals 3 1 7 0 0 8 0 5 1 5 30 

Based on 6 Halictidae foraging observations with 30 different individual foraging behaviors 
observed. A, approach; V, visit; P, pollen gathering; N, nectar gathering; S, stigma touch; M, 
move to; Ia, interaction, antagonist; Ip, interaction, protagonist; Ir, interaction, reattacked; Id, 
interaction, displaced. Data was analyzed using GSEQ sequencing program. *= P < 0.05, **= P < 
0.01, ***= P < 0.0001. This table displays one-way behavioral transitions and should be read as 
the changes between given and target behaviors. For example; approach to pollen gathering 
occurred 6 times and was significant (P < 0.01), while visit to pollen gathering only occurred 1 
time and was not significant. 
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Table 2.8.1- Non-Halictidae before hive removal foraging behaviors transition matrix 

Given Behaviors: 

Target Behaviors: 
 

A V P N S M Ia Ip Ir Id Totals 

A 0 8 18** 0 0 5*** 0 0 0 0 31 

V 2 0 6 0 0 7 0 0 0 0 15 

P 1** 2 0 0 0 19*** 0 0 0 0 22 

N 0 0 0 0 0 0 0 0 0 0 0 

S 0 0 0 0 0 0 0 0 0 0 0 

M 21*** 3 0 0 0 0 0 0 0 0 24 

Ia 0 0 0 0 0 0 0 0 0 0 0 

Ip 0 0 0 0 0 0 0 0 0 0 0 

Ir 0 0 0 0 0 0 0 0 0 0 0 

Id 0 0 0 0 0 0 0 0 0 0 0 

Totals 24 13 24 0 0 31 0 0 0 0 92 

Based on 12 Non-Halictidae foraging observations with 92 different individual foraging behaviors 
observed. A, approach; V, visit; P, pollen gathering; N, nectar gathering; S, stigma touch; M, 
move to; Ia, interaction, antagonist; Ip, interaction, protagonist; Ir, interaction, reattacked; Id, 
interaction, displaced. Data was analyzed using GSEQ sequencing program. *= P < 0.05, **= P < 
0.01, ***= P < 0.0001. This table displays one-way behavioral transitions and should be read as 
the changes between given and target behaviors. For example; approach to pollen gathering 
occurred 18 times and was significant (P < 0.01), while visit to pollen gathering only occurred 6 
time and was not significant.   
 
 
Table 2.8.2- Non-Halictidae after exclusion foraging behaviors transition matrix 

Given Behaviors: 

Target Behaviors: 
 

A V P N S M Ia Ip Ir Id Totals 

A 0 0 14* 0 1 3 0 0 0 0 18 

V 0 0 4 0 1* 2 0 0 0 0 7 

P 1** 6 0 0 0 13 0 0 0 0 20 

N 0 0 0 0 0 0 0 0 0 0 0 

S 0 0 2 0 0 0 0 0 0 0 2 

M 12*** 1 0 0 0 0 0 0 0 0 13 

Ia 0 0 0 0 0 0 0 0 0 0 0 

Ip 0 0 0 0 0 0 0 0 0 0 0 

Ir 0 0 0 0 0 0 0 0 0 0 0 

Id 0 0 0 0 0 0 0 0 0 0 0 

Totals 13 7 20 0 2 18 0 0 0 0 60 

Based on 6 Non-Halictidae foraging observations with 60 different individual foraging behaviors 
observed. A, approach; V, visit; P, pollen gathering; N, nectar gathering; S, stigma touch; M, 
move to; Ia, interaction, antagonist; Ip, interaction, protagonist; Ir, interaction, reattacked; Id, 
interaction, displaced. Data was analyzed using GSEQ sequencing program. *= P < 0.05, **= P < 
0.01, ***= P < 0.0001. This table displays one-way behavioral transitions and should be read as 
the changes between given and target behaviors. For example; move-to to approach occurred 12 
times and was highly significant (P < 0.0001), while visit to pollen gathering only occurred 4 time 
and was not significant.  
 



 
 Texas Tech University, Bianca Rendon, August 2018 

 52 

Table 2.9- Mean and standard deviation of the number of flowers visited, number of behaviors observed during an individual foraging bout, 
and time spent foraging.  

   # of Flowers Visited # of Behaviors Observed Time Observed Foraging 
 Exclusion n Mean Std Dev Mean Std Dev Mean Std Dev 

Honey Bee 
Before 39 3.744 2.279 12.333 8.154 00:55.86 00:27.48 
During  10 3.400 1.174 12.800 3.615 01:03.57 00:29.53 
After 16 2.875 1.821 10.625 6.561 01:01.41 00:23.66 

Halictidae 
Before 19 1.789 1.437 6.000 5.142 00:38.49 00:29.52 
During  15 1.667 1.047 5.000 3.251 00:47.02 00:26.73 
After 6 1.333 0.817 6.000 4.147 00:42.49 00:36.42 

Non-Halictidae 
Before  13 2.500 1.087 8.077 4.112 01:01.92 00:29.85 
After 6 2.167 1.472 11.000 9.675 00:39.59 00:15.29 

Data represent foraging behaviors for each bee group during the three hive manipulations. n is equal to the number of patches observed 
for each bee group and hive manipulation. 
 
 
Table 2.10- Predicted change (B) of the number of flowers visited, number of behaviors observed during an individual foraging bout, and 

time spent foraging.  
  # of Flowers Visited # of Behaviors Observed Time Observed Foraging 
 Exclusion B Std Err Sig B Std Err Sig B Std Err Sig 
Honey Bee Before . . . . . . . . . 

During -0.096 0.190 0.613 0.037 0.010 0.709 0.116 0.141 0.410 

After -0.264 0.169 0.118 -0.149 0.089 0.095 0.061 0.116 0.598 
Halictidae Before . . . . . . . . . 

During -0.071 0.264 0.787 -0.182 0.149 0.220 0.182 0.159 0.252 

After -0.294 0.393 0.454 -9.88x1015 0.191 1 0.096 0.217 0.657 
Non-Halictidae Before . . . . . . . . . 

After -0.143 0.332 0.666 0.309 0.157 0.049 -0.480 0.224 0.033 
Data represent foraging behaviors for each bee group during the three hive manipulations based on a negative binomial regression. 
“Before” is treated as the original state, meaning all predicted values are differences from before. For example; Non-Halictidae are 
significantly predicted to perform 0.309 more behaviors after hive return when compared to before. 
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Figure 2.1- Mean number of bees observed during each hive manipulation. 
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Figure 2.2.1- Honey bee kinematic diagram of foraging behaviors before hive removal. 
Numbers inside bubble represent the number of times the individual behavior was observed. Arrows represent transitions from one behavior 
to another. Number alongside of arrow represent the number of times that transition occurred for the given treatment setting. Stars 
represent the significance of the given transition. For example; approach occurred 151 times for honey bees before removal and 
transitioned to pollen gathering 114 of those time with a P value < 0.0001. *= P < 0.05, **= P < 0.01, ***= P < 0.0001. 
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Figure 2.2.2- Honey bee kinematic diagram of foraging behaviors during hive removal. 
Numbers inside bubble represent the number of times the individual behavior was observed. Arrows represent transitions from one 
behavior to another. Number alongside of arrow represent the number of times that transition occurred for the given treatment setting. 
Stars represent the significance of the given transition. For example; approach occurred 43 times for honey bees during removal and 
transitioned to pollen gathering 32 of those time with a P value < 0.0001.  *= P < 0.05, **= P < 0.01, ***= P < 0.0001. 
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Figure 2.2.3- Honey bee kinematic diagram of foraging behaviors after hive return. 
Numbers inside bubble represent the number of times the individual behavior was observed. Arrows represent transitions from one 
behavior to another. Number alongside of arrow represent the number of times that transition occurred for the given treatment setting. Stars 
represent the significance of the given transition. For example; approach occurred 49 times for honey bees after hive return and 
transitioned to pollen gathering 34 of those time with a P value < 0.0001.  *= P < 0.05, **= P < 0.01, ***= P < 0.0001. 
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Figure 2.3.1- Halictidae kinematic diagram of foraging behaviors before hive removal. 
Numbers inside bubble represent the number of times the individual behavior was observed. Arrows represent transitions from one behavior 
to another. Number alongside of arrow represent the number of times that transition occurred for the given treatment setting. Stars represent 
the significance of the given transition. For example; approach occurred 30 times for Halictidae before removal and transitioned to pollen 
gathering 16 of those time with a P value < 0.01. *= P < 0.05, **= P < 0.01, ***= P < 0.0001. 
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Figure 2.3.2- Halictidae kinematic diagram of foraging behaviors during hive removal. 
Numbers inside bubble represent the number of times the individual behavior was observed. Arrows represent transitions from one 
behavior to another. Number alongside of arrow represent the number of times that transition occurred for the given treatment setting. 
Stars represent the significance of the given transition. For example; approach occurred 13 times for Halictidae during hive removal 
and transitioned to pollen gathering 18 of those time with a P value < 0.0001.  *= P < 0.05, **= P < 0.01, ***= P < 0.0001. 
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Figure 2.3.3- Halictidae kinematic diagram of foraging behaviors after hive return. 
Numbers inside bubble represent the number of times the individual behavior was observed. Arrows represent transitions from 
one behavior to another. Number alongside of arrow represent the number of times that transition occurred for the given treatment 
setting. Stars represent the significance of the given transition. For example; approach occurred 7 times for Halictidae after return 
and transitioned to pollen gathering 6 of those time with a P value < 0.01.  *= P < 0.05, **= P < 0.01, ***= P < 0.0001. 



 
 Texas Tech University, Bianca Rendon, August 2018 

 60 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Approach-31 

Pollen Gathering-
22 Move To-24 

18** 

8 
21*** 

7 

5*** 

Visit-15 

19**
* 

2 

6 

2 1** 

3 

Figure 2.4.1- Non-Halictidae kinematic diagram of foraging behaviors before hive removal . 
Numbers inside bubble represent the number of times the individual behavior was observed. Arrows represent transitions from one behavior 
to another. Number alongside of arrow represent the number of times that transition occurred for the given treatment setting. Stars represent 
the significance of the given transition. For example; approach occurred 31 times for Non-Halictidae before hive removal and transitioned to 
pollen gathering 18 of those time with a P value < 0.01. *= P < 0.05, **= P < 0.01, ***= P < 0.0001. 
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Figure 2.4.2- Non-Halictidae kinematic diagram of foraging behaviors after hive return.  
Numbers inside bubble represent the number of times the individual behavior was observed. Arrows represent transitions from one behavior 
to another. Number alongside of arrow represent the number of times that transition occurred for the given treatment setting. Stars 
represent the significance of the given transition. For example; approach occurred 18 times for Non-Halictidae after hives were returned and 
transitioned to move-to 12 of those time with a P value < 0.0001.  *= P < 0.05, **= P < 0.01, ***= P < 0.0001. 



 
 Texas Tech University, Bianca Rendon, August 2018 

 62 

 

 
Figure 2.5.1- Proportion of honey bee foraging behaviors occurring during each hive manipulation 
period. Proportions were calculated using GSEQ sequencing output. 
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Figure 2.5.2- Proportion of honey bee foraging interactions occurring during each hive 
manipulation period. Proportions were calculated using GSEQ sequencing output. 
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Figure 2.6.1- Proportion of Halictidae foraging behaviors occurring during each hive manipulation 
period. Proportions calculated using GSEQ sequencing output. 
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Figure 2.6.2- Proportion of Halictidae foraging interactions occurring during each hive 
manipulation period. Proportions were calculated using GSEQ sequencing output. 
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Figure 2.7- Proportion of Non-Halictidae foraging behaviors occurring during each hive 
manipulation period. Proportions calculated using GSEQ sequencing output. 
 


