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Effects of environmental stressors on bees in the southwestern United States 

 

Introduction 

Bees are dominant pollinators of wild and commercial plants in terrestrial ecosystems; an 

estimated 75% of leading global food crops and 88% of flowering plants depend on animal 

pollination, predominantly from bees (Klein et al. 2007, Ollerton et al. 2011). Because of their 

keystone role as pollinators, there is great concern about the impact of environmental change on 

bee communities. Both wild and managed bee populations have sustained considerable declines 

in recent decades (Biesmeijer et al. 2006, Potts et al. 2010, Cameron et al. 2011). Bees are 

threatened by many factors including floral resource scarcity (Roulston and Goodell 2011), 

pathogen infection (Goulson et al. 2015), habitat loss (Potts et al. 2010), and pesticide exposure 

(Rundlöf et al. 2015), and they can be exposed to risks across landscapes as they forage widely 

for pollen and nectar. Understanding the factors driving plant-pollinator dynamics is important 

for both conservation and agriculture (Kearns et al. 1998). 

 

There are over 4,500 different bee species in North America, and the southwestern United States 

is a biodiversity hotspot for both bees and plants. There have been 68 bee genera recorded in 

southern Arizona alone, with over 1,000 species estimated in the area (Terry Griswold, SWRS 

Bee Genera List). The southwestern United States’ wide diversity of ecological habitats supports 

these plant-pollinator communities. Notably, Grand Canyon National Park hosts five major 

ecosystems spanning the elevation gradient, from riparian and desert scrub habitats at low 

elevations to the Pinyon-Juniper woodlands, Ponderosa Pine forest, and mixed conifer forests at 

higher elevations (US Geological Survey n.d.). These elevational gradients, along with variation 

in precipitation, create unique habitats for a diversity of bees and plants to live (Huenneke et al. 

2015). However, bees in the southwestern United States face considerable challenges today and 

projected in the future.  

 

In this paper, I will review the effects of environmental stressors on bees in the southwestern 

United States, focusing on specific threats to bee health and population persistence.  

 

The role of resources in bee biology and health 

Understanding the effects of environmental stressors on bees requires knowledge about bees’ 

fundamental resource and habitat requirements and how they may modulate responses to 

environmental stressors. The two resources most critical to bee survival and reproduction are 

food and nesting resources.  

 

Food resources 

Bees eat pollen and nectar from flowers, and these resources comprise their primary food source 

as both larvae and adults (Michener 2000). Floral resources are a major driver of bee abundance 

and diversity (Roulston and Goodell 2011). The quality, quantity, and distribution of floral 

resources are primary drivers of bees’ reproductive success, community structure, abundance, 

and richness (Potts et al. 2003, Williams and Kremen 2007). One example of this is a study that 



looked at a solitary bee specialist, Andrena hattorfiana, and its host plant, Knautia arvensis. The 

authors found that the population of the bee correlated strongly with the population size of the 

host plant (Larsson and Franzén 2007). Bees vary widely in their resource needs, just as plants 

vary in the availability of their resources. Larsson and Franzén (2007), for example, calculated 

that each A. hattorfiana offspring was provisioned with the floral resources of two entire K. 

arvensis plants for complete development. In contrast, a specialist bee from the southwestern 

United States, Calliopsis pugionis, could provision over 1,500 offspring with the floral resources 

of one Encelia farinosa plant (Danforth 1990).  

 

In the absence of abundant and diverse floral resources, poor nutrition and food stress may cause 

reduced fecundity, longevity, larval development, immunocompetence, and stress resistance 

(Haydak 1970, Brown et al. 2000, Hoover et al. 2006, Brodschneider and Crailsheim 2010, 

Alaux et al. 2010, Huang 2012, Pasquale et al. 2013). In addition to the base availability of these 

critical food resources, bees have specific nutritional needs that may not be met by a single 

species. Plants vary in pollen quality, ranging from 2-60% protein and 1-20% lipids by mass 

(Roulston and Cane 2000). Protein content may benefit larval development and affect foraging 

strategy (Brodschneider and Crailsheim 2010, Vaudo et al. 2016). 

 

Flower phenology also plays a role in the availability of food resources for bees. Flowering food 

resource availability can change dramatically across time and space depending on what plants 

are flowering, when they flower, and where they are located. In some cases, plant phenology is 

so responsive to climatic variations that historical records of plant phenology have been used to 

accurately recall past temperatures (Meier et al. 2007). However, there are many unpredictable 

habitats where phenology is more erratic. Plant phenology is particularly well studied in desert 

landscapes of the southwestern United States, where flowering events are often triggered by 

infrequent rain. A study of flowering plants in the Sonoran Desert found that the flowering time 

of five of six studied plants was triggered by rain (Meier et al. 2007). The unpredictability of 

these desert habitats requires that bees be closely matched with their flowering plant hosts so that 

they will have consistent and available food resources during their reproductive season. Desert 

bees, just like desert flowers, often have very short activity (or, for the latter, flowering) seasons. 

Thus, many bees’ emergence cues closely match plant flowering cues. For example, solitary 

specialist bee Perdita portalis in the Sonoran Desert emerges during high humidity, which in the 

desert is triggered by rainfall. By emerging only following rainfall events, bees can better ensure 

that flowers will be available for foraging (Danforth 1999). P. portalis also has a bet-hedging 

strategy as insurance against potential errors in emergence cues. When conditions are optimal, 

only about half of all developing larvae pupate, leaving some behind to wait until the next time 

conditions are right (Danforth 1999).  

 

Nesting resources 

Bees use nests to protect their eggs and developing offspring, as well as protect themselves from 

incidental harm and environmental extremes. There is a huge diversity in nesting habitats and 

nesting guilds that likely play a large role in their responses to environmental disturbance 

(Williams et al. 2010). Bees nest above ground and below ground, and they either construct or 

excavate their own nest structures or use preexisting nest structures (Michener 2000). For 

example, Hesperapis rhodocerata is a solitary bee native to the southwestern United States (most 

commonly found in southern New Mexico and Arizona); it nests below-ground in loose soils, 



and every spring females will excavate their own nests in the soil by digging deep tunnels 

(Rozen et al. 2016). Bumble bees (Bombus spp.; bumble bees in the southwestern United States 

include Bombus sonorus and Bombus vosnesenskii) also nest below-ground,* but they do not 

excavate their own nests; instead, they use pre-existing cavities, such as rodent burrows, 

essentially “renting” an existing space (Goulson 2013). (* Some bumble bees will nest above-

ground in pre-existing cavities as well, though this is less common.) Carpenter bees, like 

Xylocopa californica in the southwest, nest above ground. As their common name suggests, 

carpenter bees excavate their nests by boring tunnels inside wood. On the other hand, many 

species of mason bee, such as Osmia lignaria, also nest above ground, but they use preexisting 

cavities such as beetle burrows or hollow twigs and plant stems (Bosch and Kemp 2000). Mason 

bees, although “renters” in pre-existing cavities, use other materials such as mud or leaf material 

to seal their nests. Many “renters” also use additional materials to complete their nests; for 

instance, bumble bee renters construct elaborate structures within their nests out of wax (Goulson 

2013).  

 

Most bee species nest below ground, but the nesting requirements of bees are diverse and include 

such materials as mud, leaves, specific soil types, flower petals, sea shells, resin, dead wood, 

plant and wood fibers, and many sizes of pre-existing cavities (Roulston and Goodell 2011, 

Danforth et al. 2019, Harmon-Threatt 2020). As with food resources, many bees are adapted to 

use specific plants for nests. Cane et al. (2006) found that the specialist bee Hoplitis biscutellae, 

which nests above ground inside pre-existing cavities, was more abundant in urban desert 

landscapes in Arizona than in nearby open desert landscapes with a bigger population of its host 

pollen plant. The authors speculated that this could have been due to a greater abundance of 

nesting cavities in the urban desert landscapes (Cane et al. 2006). Nesting strategy has been 

predicted as one of the most important factors in determining a bee species’ response to 

environmental disturbance (Williams et al. 2010). 

 

Environmental stressors, modulated by bee resource requirements, influence bee health in 

the southwestern United States 

Environmental change is occurring rapidly worldwide (Tilman et al. 2001). In the southwestern 

United States and the Grand Canyon, primary challenges to bee population health and 

persistence include the presence of invasive plants that compete with native flowering resources, 

exposure to pesticides and other agricultural chemicals, and the increasing intensity of drought 

that further reduces flowering plant abundance.  

 

Invasive plants 

Invasive species can have sizable impacts on native species abundance, range, and diversity 

(Parker et al. 1999). In addition to competing for resources, invaders may in some cases 

fundamentally change the environment, for example, by dramatically changing the soil chemistry 

so that other plants cannot grow (Vitousek et al. 1987). In the southwestern United States, 

including the Grand Canyon, one invasive species of particular concern is tamarisk (Tamarix 

spp.), which entered the United States in the 1800s from Europe. Tamarisk is particularly 

difficult to control because of its deep taproot and propensity to re-sprout following incomplete 

removal (Hultine et al. 2010).  

 



The impacts of tamarisk on bee populations in the southwest are manifold. On the one hand, 

tamarisk competes with native plants and could result in declines in key flowering plants that 

share the same habitats. For specialist bees (monolectic or olegolectic; bees that have evolved 

with a particular host plant species or genus), the loss of a host plant could be devastating, 

because bees have adapted specifically to use the pollens of that plant (Waser and Ollerton 

2006). Indeed, the loss of pollen host plants has been identified as one of the primary factors 

leading to bee population declines in The Netherlands (Scheper et al. 2014). Furthermore, efforts 

to remove tamarisk, such as mechanical and chemical treatments, can harm bees directly as well 

as indirectly by inadvertently harming native flowering plant species. On the other hand, 

generalist (polylectic) bees may in fact be able to use tamarisk as a food resource. A study 

comparing native bee visitation among invasive plants (including tamarisk) and native plants in 

Utah found that invasive plant species experienced double the number of bee visits as native 

plants; however, these bees were almost exclusively generalist bees with a broad diet breadth 

(Tepedino et al. 2008). The abundance of these invasive plants in some habitats, thus, may 

benefit bee populations if they are able to use the pollen they provide (Tepedino et al. 2008). 

However, it should be noted that tamarisk pollen is considered low quality, so it may not be a 

nutritious choice for bees in the presence of higher quality native flowering plants (Andrada et al. 

2004). 

 

Pesticides 

Pesticides have also been implicated in bee declines worldwide (Roulston and Goodell 2011, 

Goulson et al. 2015, Rundlöf et al. 2015). Bees can be exposed to pesticides directly during 

application, by contacting residues on plants or nest materials, or by consuming contaminated 

pollen or nectar. Exposure causes mortality and a suite of sublethal effects, such as reduced 

reproduction (Johnson et al. 2010, Rundlöf et al. 2015), slower larval development (Abbott et al. 

2008), impaired foraging behavior (Mommaerts et al. 2010), and impaired learning ability 

(Stanley et al. 2015). Pesticides are widely applied globally and throughout the southwestern 

United States and travel through and persist in soil and water. As a result, bees may be exposed 

to pesticides in any habitat but especially in agroecosystems, where pesticides are used to control 

agricultural pests, fungal pathogens, and weeds. Bees consume pollen and/or nectar at all life 

stages, so exposure can occur to larvae and adults (Michener 2000). In Grand Canyon National 

Park, herbicides are used to control invasive plants such as tamarisk (Belote et al. 2010).  

 

Neonicotinoids are a class of pesticides of particular concern for bees. These compounds are 

popular and make up nearly a quarter of the total insecticide market worldwide (Jeschke et al. 

2011). As systemic pesticides, they are taken up by the plant and permeate all plant tissues, 

including pollen and nectar, which are the primary food sources for bees. Additionally, they are 

highly toxic to bees even at very low doses (Blacquière et al. 2012, Rundlöf et al. 2015). In fact, 

because of their negative impacts on bees, the European Union banned the use of three 

neonicotinoid insecticides in all field crops following a three-year moratorium to research their 

effects (Stokstad et al. 2018). However, these pesticides are still used widely in the United 

States. A study conducted in Colorado measured over a dozen different pesticides in bee samples 

collected in grasslands and wheat fields, and the most frequently detected pesticide was 

thiamethoxam, a neonicotinoid (Hladic et al. 2016). Bees that nest below ground in soils, or bees 

that use soil to construct their nests above ground, could be at additional risk from neonicotinoids 

because these chemicals persist long-term in soils following application (Sgolastra et al. 2019).  



 

In addition to their direct and sublethal effects, pesticides can increase the susceptibility of bees 

to other stressors, such as resource limitation and disease (Goulson et al. 2015). For example, the 

combination of neonicotinoid pesticide exposure and nutritional stress synergistically reduced 

bee survival in honey bees (Tosi et al. 2017). Infections of a gut parasite spread more in bee 

colonies exposed to a neonicotinoid pesticide than unexposed colonies (Pettis et al. 2013). These 

interactive effects of pesticides and other stressors could have a considerable impact on bees in 

the southwestern United States, where desert ecosystems are predicted to be especially 

susceptible to projected climate change effects (Archer and Predick 2008). 

 

Drought 

In the absence of precipitation, drought conditions lead to water shortages over time. Current 

climate change projections suggest that droughts will be more extreme in the future (Trenberth et 

al. 2014). Predictive models from the Intergovernmental Panel on Climate Change (IPCC) 

indicate a future with more severe droughts and an overall drier climate than current and historic 

conditions, especially in the southwestern United States and the Colorado River basin (Cayan et 

al. 2010). Northern California experienced the driest February on record this year (2020), 

following an unusually dry January (Pierre-Louis and Popovich 2020). Similar trends have also 

occurred across other western states including Nevada, Washington, and Oregon (Pierre-Louis 

and Popovich 2020).  

 

Water resources are critical for growing plants, and water has been identified as likely the most 

important selective force for plants in dry habitats (Niklas 1997). In southern California 

shrublands, plant cover and species richness were significantly correlated with precipitation 

along the coast and inland (Keeley et al. 2005). Flowering and overall growth of California 

sagebrush (Artemisia californica, a foundational species along the western California coast) were 

also predicted by precipitation. Because flowering plants provide fundamental resources to bees, 

diminished floral resources due to drought could negatively affect bee populations. Indeed, plant 

and animal communities have been shown to change dramatically, and quickly, following severe 

drought in the Sonoran Desert (Turner 1990). In California, drought conditions led to reduced 

floral availability which in turn was correlated with a decline in bumble bee abundance 

(Thomson 2016). Thomson (2016) also found that the reduced floral diversity and availability 

due to lack of precipitation resulted in increased competition between bumble bees and non-

native honey bees, which put further stress on bumble bees during drought conditions. Bumble 

bees have been experiencing range contractions worldwide, notably in North America and 

Europe, shrinking especially along their southern distributions (Kerr et al. 2015). Adapted to 

cooler climates, bumble bees may be especially susceptible to climate change, particularly the 

effects of climate change on their food plant availability (Fitzpatrick et al. 2007, Kerr et al. 

2015). However, it appears that the effects of drought are a bigger stressor for bees in less 

naturally arid regions. A study on bee activity during drought in the Chihuahuan Desert suggests 

that bees can remain in diapause for years while waiting for rain and thus may be relatively 

robust to extended drought in desert habitats (Minckley et al. 2013). 

 

Conclusion 

Environmental stressors in the southwestern United States affect native bee populations by 

reducing survival, fecundity, and/or access to critical resources. Invasive plants, such as 



tamarisk, compete with required flowering plant resources. Pesticides used in agriculture and for 

invasive plant control harm bees directly as well as causing sublethal effects that limit bees’ 

survival, fecundity, and stress resistance. Drought also limits flowering plant availability.  

 

In a changing world, it is critical to consider the effects of multiple stressors on bee health in 

order to conserve and protect their ecological and economic role as pollinators of crops and wild 

plants. Additional changes to the southwestern United States, such as the potential introduction 

of honey bees into natural areas (which compete with native bees for resources), the erosion of 

the Colorado River shoreline (which could reduce area for plant growth), and land-use change 

from natural areas to agriculture, should be studied further to better understand their interactions 

and effects on these critical pollinators. 
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