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Background/PURPOSE: Honeybees use a wide range of flowering plants through the year for nectar and pollen. Agricultural 
intensification and other land use changes have substantially reduced the amount of flower-rich habitat available for 
foraging.

Problem description: 
• How have the flowering plants used by honeybees changed over historical time?
• How do the plants used by honeybees change through the season?
• Which times of year are most likely to lead to food shortages?

METHODOLOGY: We find out which plants honeybees use by identifying the pollen within honey samples using DNA 
metabarcoding. For the historical investigation, we analysed 441 honey samples collected throughout the UK in 2017 
and compared these to 855 honey samples analysed in 1952. For the seasonal investigation, we sampled honey from six 
colonies within a botanic garden and nature reserve every month from April to September 2016 – 2019. We extracted plant 
DNA from the honey, amplified and sequenced DNA barcodes (rbcL and ITS2) and compared these to a reference library 
of DNA barcodes for the UK flora to identify the plants. 

Results and CONCLUSION: From 1952 to 2017 changes in agricultural practices have altered the nectar and pollen 
sources available in the UK. We show a decrease in the use of white clover (Trifolium repens) and increase in bramble 
(Rubus fruticosus) as the major forage source for UK honeybees. We show an increase in use of the crop plant, oil seed 
rape (Brassica napus) and the invasive species Himalayan balsam (Impatiens glandulifera) as these plants have become 
abundant in the UK landscape. 

By analysing honey samples each month, we show that spring-flowering trees and shrubs are important at the beginning 
of the season and that when these finish flowering there is a resource gap until bramble and white clover become available. 
During this, ‘June gap’ honeybees use a wide variety of different plants in small amounts since none of their preferred 
resources are available. 

Practical implications for beekeepers: We provide a detailed overview of the different plants used by honeybees through 
the year and make recommendations on the best plants for honeybees.
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Identification of plants used by honeybees

• Observation

• Identification of pollen

• Pollen can be retrieved 

from the bodies of 

bees, from pollen 

loads or honey

• Can use microscopy or 

DNA-based methods to 

identify pollen



Pollen DNA metabarcoding

1
• Sample pollen from bee or honey 

2
• Extract DNA

3
• Amplify DNA barcodes (rbcL and 

ITS2)

4
• Sequence DNA using NGS

5
• Compare to reference library 

using bioinformatic pipeline



DNA barcode reference libraries: Barcode Wales and 
Barcode UK
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Historical changes in honeybee foraging in the UK

​ 

• 1952: melissopalynology 

survey of 885 honey samples 

• 2017: DNA metabarcoding 

441 honey samples 



Honeybee plants 1952 vs 2017

• Positive correlation between plant occurrence in 1952 

and 2017 (Kendall’s τ = 0.389, p = 0.0002).

• Same four plant taxa occurred in >50% of samples
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Rubus fruticosus Trifolium repens

Brassica napus Crataegus, 

Malus & Cotoneaster



	

Trifolium repens 

Rubus fruticosus 

Brassica napus 

Impatiens glandulifera 

Changes in major forage use between 1952 and 2017 reflect 
changes in the UK landscape



Plants used by honeybees through the year

National Botanic Garden of Wales, UK. 

Six honeybee colonies honey sampled 

April – September for two years. 



Trifolium repens

Rubus fruticosusCrataegus, 

Malus & Cotoneaster

Taraxacum officinale

Plants used through the year

Honeybees use a small number of key 
plants that change through the season.

Hedera helix

Impatiens glandulifera

Hedera helix



Honeybee floral resource limitation 

National Botanic Garden of Wales, UK. Six 

honeybee colonies honey sampled April – 

September for two years. 



Honeybee floral resource 
limitation 

Trifolium repensRubus fruticosusSalix caprea

• In April and May honeybees using flowering 

shrubs and trees

• In June there is a food shortage with different 

colonies using different floral resources in small 

amounts (June Gap)

• In July Rubus fruticosus and Trifolium repens 

flower and all the colonies use them

• Important to look at networks through time to see 

when periods of vulnerability occur
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