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Overview 
 

Emissions of reactive nitrogen (N) from 

agriculture and fossil fuel combustion have led to 

high rates of N deposition, primarily ammonium 

(NH4+) and nitrate (NO3-) over wide areas of 

Europe, Asia, and North America.   Nitrogen is a 

vital element used by vegetation to form amino 

acids and other nitrogenous compounds. In 

unfertilised semi-natural habitats elevated 

atmospheric N deposition has been shown to 

increase plant biomass and the N concentration of 

soil and vegetation (e.g. Stevens et al. 2006).  In 

addition, by favouring fast-growing species such as 

grasses over slower-growing forbs and mosses, N 

deposition can alter competition in plant 

communities and reduce plant species diversity 

(Stevens et al. 2004). 
 

While ecologists have long recognized that N is a 

major driver of global habitat change, many of its 

long-term impacts on plant communities and 

higher trophic levels remain unclear. High foliar N 

concentration can increase the palatability of 

plants and therefore their susceptibility to insect 

herbivores.   

 

However, an additional but largely unexplored way 

that N deposition could influence plant diversity is 

through its impact on nectar and pollen quality, 

insect pollination and ultimately plant reproductive 

success. Communities of co-flowering plants 

compete for access to pollinating insects that visit 

flowers to obtain nectar and pollen, transferring 

pollen to the receptive stigmas in the process of 

searching for food. Pollinators are attracted to 

plants to obtain floral nectar – a liquid composed 

mainly of sugars but that also contains essential 

amino acids. Indeed, nectar amino acids might be 

the only source of dietary nitrogen for some adult 

insects. Laboratory experiments show that 

increasing soil nitrogen can elevate amino acid 

concentrations in nectar, but that different plant 

species respond in different ways (e.g. Hoover et 

al. 2012).   

 

It is likely that pollution-driven increases in rates 

of N deposition similarly alter levels of amino acids 

in the nectar of some plant species, while leaving 

other species unaffected. Low levels of essential 

amino acids in nectar are attractive to pollinators, 

but high concentrations are repellent (Carter et al. 

2006) and can shorten the lifespan of foraging bees 

(Stabler et al. 2015). N deposition could also affect 

nectar secretion rates and pollen quality, two 

aspects of plant-pollinator interactions that have 

not been examined.  Therefore, through its varying 

influence on nectar and pollen, N deposition could 

have a profound impact on the fitness of plants and 

pollinators alike.  

 
Knowing how elevated soil nitrogen impact nectar 

composition in plant communities would enable us 

to predict how current and future levels of N 
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deposition will affect plant and pollinator fitness 

through altered interactions. This studentship will 

address this knowledge gap using flowering 

herbaceous plants visited by generalist 

bumblebees. The project will address three main 

questions: 

 

1) PLANTS: What is the impact of N-

deposition on the availability of carbohydrates and 

amino acids in nectar? 

2) NECTAR: How do N-driven changes in 

nectar quality influence floral constancy and 

decision-making of free-flying bumblebees? 

3) POLLEN: How do N-driven changes in 

pollen composition affect bumblebee colony size 

and rate of growth? 
 

 
Methodology 
 

Using data from a well-established GB-wide N 

deposition transect of acid grassland (National 

Vegetation Classification U4e Festuca-Agrostis-

Gallium; Stevens et al. 2004), we will identify six 

sites in the North of England and Scotland with 

similar climates but receiving a range (<8 to >20 

kg N/ha/y) of long-term N deposition.  These sites 

will be selected along a proven network of 

stratified acid grassland and heathland field sites 

along a GB-wide gradient of chronic atmospheric 

N-deposition that has been quantified by staff at 

CEH.  At each site, surveys of flora and pollinator 

fauna will be conducted using standard methods 

(e.g. five 2X2 m quadrats for vegetation).  Nectar 

and pollen will be collected from at least 6 different 
species of plants and then analysed in the lab for 

amino acids and carbohydrates using u-HPLC 

methods. To test how nectar composition affects 

plant-pollinator interactions, foraging worker 

bumblebees (Bombus terrestris) will be trained to 

forage from an array of artificial flowers with 

nectar compositions that reflect measured 

concentrations of amino acids and carbohydrates 

in floral nectar. To test how pollen composition 

affects plant-pollinator interactions, whole bee 

colonies will be tested with lab-made foods with a 

similar nutritional composition identified from the 

pollen samples collected in the field using methods 

developed in Wright’s laboratory. The weight of 

the colony, number of brood, and the number of 

adult workers will be monitored over an 8 week 

period.  

 

This project also involves a collaboration with 

Prof. Phil Stevenson, Royal Botanic Gardens, Kew. 

 

 
Timeline 
 

Year 1: Identify and work in field sites, collect 

nectar and pollen. Begin analysis of nectar and 

pollen. Start control behavioural experiments with 

free-flying bees 

Year 2: Continue analysis of nectar and pollen, 

perform a second field season, begin experiments 

with free flying bees, analyse data.  

Year 3:  Finish all remaining pollen and nectar 

analysis, finish free flight experiments, perform 

experiments with pollen and bee colonies, analyse 

data, begin writing up. 

Year 4 (six months only): Write up 

manuscripts, dissertation. 

 

 
Training & Skills 
 

The student will acquire key skills in: 
1) The use of liquid chromatography (HPLC) to 

measure amino acids and carbohydrates in nectar 

2) Design, implementation, and statistical analysis 

of bee behaviour and nutritional experiments 

3) Field monitoring and collection of samples and 

analysis of field data using multivariate and mixed 

modelling, taxonomic training in insect and plant 

species 

4)  Data management and curation training and 

experience 

5)   Knowledge and expertise in global nutrient 

cycling and global change biology 

6)   Expertise in bee behaviour and bee biology 

7)   Experience of science-policy interactions and 

science communication. 
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