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Research:	  
•  Determine	  how	  urbanizaIon	  and	  

global	  change	  affect	  arthropod	  pests,	  
tree	  health,	  ecosystem	  services	  

•  Develop	  environmentally	  sound	  
management	  for	  tree	  pests	  

Extension:	  
•  Train	  urban	  foresters,	  landscapers,	  

others	  who	  mange	  tree	  and	  urban	  
forest	  health	  
–  PresentaIons,	  arIcles,	  other	  

resources	  	  

Outreach:	  
•  Educate	  general	  public	  via	  

presentaIons,	  wriIng	  

Frank	  Lab	  AcIviIes	  
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Oak	  lecanium	  scale	  

•  Parthenolecanium	  
quercifex	  

•  Pest	  of	  oak	  trees	  
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Hypothesis:	  Heat	  increases	  pest	  abundance	  
on	  urban	  plants	  	  

Photo:	  E.	  Youngsteadt	  
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ObjecIves	  

Determine	  how	  urban	  warming	  affects	  pest	  
abundance	  and	  fitness	  

Determine	  if	  the	  effects	  of	  urban	  warming	  
predict	  the	  effects	  of	  global	  warming	  

Determine	  how	  warming	  and	  pests	  interact	  to	  
affect	  tree	  health	  and	  ecosystem	  services	  
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Warming	  increases	  scale	  insect	  abundance	  and	  
fitness	  in	  ciIes	  	  

(Meineke	  et	  al.	  2013.	  PLoS	  One;	  Dale	  and	  Frank	  Accepted.	  Ecological	  Applica;ons)	  



Meineke	  et	  al.	  2013.	  PLoS	  One	  





Gloomy	  scale	  size	  and	  survival	  
increases	  at	  hober	  sites	  
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Gloomy	  scales	  are	  more	  fecund	  at	  
hober	  sites	  
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Future	  research:	  

•  InvesIgate	  other	  pest	  taxa	  
that	  increase	  or	  decrease	  
due	  to	  warming	  

•  InvesIgate	  warming	  affects	  
on	  interacIons	  with	  
predators	  and	  parasitoids	  

•  InvesIgate	  evoluIon	  of	  
scale	  populaIons	  to	  warmer	  
environments	  
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Climate	  change	  affects	  scale	  insect	  abundance	  in	  
natural	  forests	  based	  on	  herbarium	  specimens	  and	  

climate	  chambers	  	  
(Youngsteadt	  et	  al.	  drad	  for	  PNAS)	  
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Gloomy	  scale	  abundance	  fluctuates	  with	  
temperature	  trends	  over	  Ime	  



Gloomy	  scale	  response	  to	  warming	  is	  congruent	  
across	  urban	  and	  historical	  datasets.	  

Youngsteadt	  et	  al.	  drad	  for	  PNAS	  



Sod	  scale	  on	  red	  maples	  in	  Duke	  Forest	  warming	  
chambers	  and	  Raleigh	  street	  trees.	  	  



Future	  research:	  

•  Determine	  if	  ciIes	  predict	  pest	  range	  and	  
habitat	  expansion	  to	  warming	  
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Hot	  trees	  are	  more	  likely	  to	  be	  in	  poor	  
health	  
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Forests	  are	  in	  trouble	  

•  CiIes	  are	  gelng	  
bigger	  and	  hober	  

•  Urban	  forest	  canopy	  
is	  declining	  

•  Young	  tree	  survival	  is	  
low	  





Forests	  are	  in	  trouble	  

•  Climate	  change	  
affects	  natural	  
forests	  

•  Alters	  insect	  
physiology,	  
behavior,	  
interacIons	  
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