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The National Botanic Garden of Wales is 
dedicated to the research and conservation 

of biodiversity, to sustainability, lifelong 
learning and the enjoyment of the visitor.  
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•  DNA barcoding uses short sections 
of DNA to identify species. 

•  Projects throughout the world are 
DNA barcoding all living things. Open 
Science is key! 

•  Wales: first nation in the world with a 
DNA barcoded flora. We have now 
completed the rest of the UK. 
 
•  Using DNA barcoding to investigate 
pollinator foraging, community 
phylogenetics and aerobiology. 

Saving Plants and Fungi: Barcode UK and DNA 
barcoding applications 



•  Insect	
  pollina9on	
  is	
  a	
  
key	
  regula9ng	
  
ecosystem	
  service.	
  

•  Concern	
  worldwide	
  
about	
  declines	
  in	
  both	
  
wild	
  pollinators	
  and	
  
honeybees.	
  

•  Habitat	
  loss,	
  agricultural	
  
intensifica9on,	
  pests	
  
and	
  disease,	
  climate	
  
change.	
  	
  

Saving Pollinators 



Pollinator	
  Conserva9on	
  

•  Inves9gate	
  habitat	
  
requirements,	
  foraging	
  
preferences	
  and	
  dietary	
  
needs	
  of	
  pollina9ng	
  
insects.	
  

•  Provide	
  guidance	
  on	
  land	
  
management.	
  

•  Develop	
  targeted	
  seed	
  
mixes	
  for	
  landowners	
  &	
  
gardeners.	
  



DNA	
  Metabarcoding	
  for	
  Pollen	
  I.D.	
  

•  Floral	
  visita9on	
  can	
  
be	
  tracked	
  by	
  DNA	
  
metabarcoding	
  
pollen	
  collected	
  by	
  
insects.	
  

•  Pollen	
  can	
  be	
  
retrieved	
  from	
  the	
  
bodies	
  of	
  insects,	
  
from	
  pollen	
  loads	
  
or	
  honey	
  from	
  
honeybees.	
  	
  



DNA	
  Metabarcoding	
  

1	
  
•  Retrieve	
  pollen	
  

2	
  
•  Extract	
  DNA	
  

3	
  
•  Amplify	
  DNA	
  barcode	
  markers	
  

	
  4	
  
• Next	
  Genera9on	
  DNA	
  sequencing	
  

	
  5	
  
• Use	
  super	
  computer	
  to	
  compare	
  the	
  unknown	
  DNA	
  sequences	
  to	
  
the	
  Barcode	
  UK	
  reference	
  database	
  	
  



Hoverfly	
  Foraging	
  Preferences	
  

• 	
  Hoverflies	
  of	
  the	
  
genus	
  Eristalis	
  (n=182).	
  
	
  
• 	
  Sampled	
  from	
  four	
  plant	
  
species-­‐rich	
  pastures.	
  

• 	
  Early	
  (June	
  1st	
  -­‐	
  July	
  15th)	
  and	
  
late	
  (July	
  16th	
  –	
  Aug	
  31st)	
  
collec9ons.	
  
	
  	
  



Hoverfly	
  Foraging	
  Results:	
  Early	
  
Summer	
  

Taxa = 16 Taxa = 19 

Taxa = 30 Taxa = 21 



Hoverfly	
  Foraging	
  Results:	
  Late	
  
Summer	
  

Taxa = 34 Taxa = 44 

Taxa = 37 Taxa = 34 



Honey	
  Bee	
  Foraging	
  
Honey	
  I.D.	
   Number	
  of	
  taxa	
  

detected	
  

H1	
   18	
  
H2	
   14	
  
H4	
   13	
  
H6	
   19	
  
H7	
   15	
  
H8	
   21	
  
H9	
   23	
  
H11	
   18	
  
H13	
   14	
  
H14	
   17	
  
H15	
   1	
  
H16	
   4	
  
H17	
   15	
  
H18	
   16	
  
H19	
   1	
  
H20	
   31	
  
H21	
   18	
  
H22	
   1	
  
H23	
   10	
  
H24	
   18	
  

20 honeys collected throughout 
Wales and the UK. 



Taxa	
   %	
   Taxa	
   %	
  
Taraxacum	
  officinale	
   85	
   Bellis	
   15	
  
Trifolium	
  repens	
   65	
   Crepis	
   15	
  
Rubus	
  fru4cosus	
   60	
   Calluna	
  vulgaris	
   15	
  

Trifolium	
   55	
   Ononis	
   15	
  
Rosa	
   55	
   Quercus	
   15	
  
Prunus	
   50	
   Digitalis	
  /	
  An8rrhinum	
  /	
  Veronica	
   15	
  
Cirsium	
   40	
   Epilobium	
   15	
  

Brassica	
  napus	
   40	
   Festuca	
   15	
  
Sambucus	
  /	
  Viburnum	
   40	
   Poa	
  pratensis	
   15	
  

Solidago	
   35	
   Filipendula	
  ulmaria	
   15	
  
Impa8ens	
  glandulifera	
   35	
   Ribes	
   15	
  

Centaurea	
   25	
   Erigeron	
   10	
  
Brassica	
   25	
   Cornus	
   10	
  
Polygala	
   25	
   Hydrangea	
   10	
  
Oxalis	
   25	
   Philadelphus	
   10	
  

Crataegus	
  monogyna	
   25	
   Fabaceae	
   10	
  
Malus	
   25	
   Lathyrus	
   10	
  

Hypochaeris	
   20	
   Trifolium	
  pratense	
   10	
  
Brassica	
  oleracea	
   20	
   Vicia	
  sa8va	
   10	
  

Erysimum	
   20	
   Castanea	
  sa8va	
   10	
  
Escallonia	
   20	
   Centaurium	
   10	
  

Ulex	
   20	
   Geranium	
   10	
  
Persea	
   20	
   Euphrasia	
   10	
  
Salix	
   20	
   Chamerion	
  angus8folium	
   10	
  

Holcus	
  lanatus	
   20	
   Agros8s	
  capillaris	
   10	
  
Cotoneaster	
   20	
   Arrhenatherum	
  ela8us	
   10	
  

Sorbus	
   20	
   Athyrium	
  filix-­‐femina	
   10	
  
Saxifraga	
   20	
  

Taxa most frequently found in 20 honeys 



Types	
  of	
  Plant	
  Honey	
  Bees	
  use	
  for	
  
Forage	
  

Na9ve	
  
34%	
  

Na9ve	
  
or	
  Alien	
  
33%	
  

Alien	
  
33%	
  

Status	
  

Insect	
  
82%	
  

Wind	
  
14%	
  

Both	
  
4%	
  

PollinaKon	
  



Honey	
  Bee	
  Foraging:	
  Spa9al	
  Ecology	
  	
  

•  Na9onal	
  Botanic	
  Garden	
  of	
  
Wales	
  Apiary.	
  	
  

•  Botanic	
  Garden	
  contains	
  8000	
  
plant	
  taxa.	
  

•  Collect	
  pollen	
  and	
  honey	
  
samples	
  throughout	
  the	
  year.	
  

•  Map	
  all	
  plants	
  in	
  flower	
  using	
  
ci9zen	
  science	
  and	
  drones.	
  

Created with Inspire 1 drone  



Honey	
  Bee	
  Foraging:	
  Spa9al	
  Ecology	
  	
  



Honey	
  Bee	
  Foraging:	
  Spring	
  Results	
  



Honey	
  Bee	
  Foraging:	
  Spring	
  Results	
  

Most abundant plants recorded (%) in honey from April and May from three hives. 



Honey	
  Bee	
  Foraging:	
  Spring	
  Results	
  

April	
  2015	
   May	
  2015	
  

Number	
  of	
  families	
  
in	
  flower	
  

77	
   88	
  

Number	
  of	
  families	
  
recorded	
  in	
  honey	
  

17	
  (22%)	
   28	
  (32%)	
  

Number	
  of	
  genera	
  in	
  
flower	
  

258	
   374	
  

Number	
  of	
  genera	
  
recorded	
  in	
  honey	
  

28	
  (11%)	
   44	
  (12%)	
  





 
•  Undergraduate internships. 
 
•  MSc and PhD studentships. 
 
•  Work experience opportunities: A 

level to postgraduate. 
 
•  Since 2007: 17 interns, 8 masters 

and 8 PhDs from 13 universities.  

Science and Society: Training the next generation of 
plant scientists 



Science and Society: Public engagement 

•  Art-science: exhibitions in 
the Garden and 
internationally. 

•  Displays and 
interpretation: Bee 
Garden, Conserving Welsh 
Plants Area. 

 
•  Events, media and shows: 

Royal Welsh, National 
Eisteddfod, television, 
radio, social media. 



Public	
  Engagement:	
  Plan9ng	
  for	
  
Pollinators	
  



Public	
  Engagement:	
  Bee	
  Garden	
  



Public	
  Engagement:	
  Pollinator	
  Trail	
  



Public	
  Engagement:	
  Art-­‐Science	
  



Foraging	
  
preferences	
  

Nutri9onal	
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Habitat	
  
suitability	
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Honey	
  Bees	
  

Hoverflies	
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ecology	
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ecology	
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