
Forest pests and forest management in the 
Anthropocene 
Matt Ayres and many others 



From 1st US National Climate Assessment. 2000. 

“The short life cycles, high mobility, reproductive 
potential, and physiological sensitivity to temperature 
suggest that even modest climate change will 
possibly have rapid effects on the distribution and 
abundance of many forest insects and pathogens.” 

e.g., “An increase of 3°C in the coldest night of the 
winter would permit the occurrence of SPB outbreaks 
~ 178 km farther north than in historical times” 

Ayres and Lombardero. 2000. Science of the Total Environment 



From US National Climate Assessment. 2014. 

“Predictions from the first U.S. National Climate 
Assessment of expansions in forest disturbances 
from climate change have been upheld, in some 
cases more rapidly and dramatically than 
expected.” 

“Clear examples are offered by recent epidemics of 
spruce beetles in Alaska, mountain pine beetle in 
high-elevation five-needle pine forests of the Rocky 
Mountains, and southern pine beetle in the New 
Jersey Pinelands.” 

Weed,	  Hicke,	  and	  Ayres.	  2013.	  Ecological	  Monographs	  



Locusts will cover the face of the ground so that it cannot 
be seen. They will devour what little you have left, including 
every tree that is growing in your fields. Exodus 10. 

Δ pestilence challenge environmental security 



Anonymous.  1665.  Philosophical Transactions.  1:137-138. 
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Δ pestilence challenges environmental security 

Strategic responses 
•  Improved pest monitoring, prediction, mitigation 
•  Increased sharing of knowledge among regions, 

countries, and continents 
•  Improved biosecurity against future invasions 
•  Management plans that anticipate continuing 

change 
•  Growth of practical theory that is transportable 

among forests and regions 



There is nothing more practical 
than good theory 



Temperature affects insect survival. 

Lombardero, Ayres, Ayres, Reeve. 2000.  Env. Entomol. 
Tran, Ylioja, Regniere, Billings, and Ayres. Ecological Applications, 2007 

Dendroctonus frontalis 



Warmer temperatures 
increase metabolic rate, 
consumption, growth, 
movements, and dispersal 



Temperature affects phenology and species 
interactions 

Proc. R. Soc. B. 2015 

Lauren Culler 
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Pestilence = f Abundance (N) 

Nt+1 = Nt e 
R 

R = Births – Deaths + Immigration - Emigration 

R = f Nt , Nt-i 

ε 

Density-dependence, endogenous 
feedback, instantaneous & delayed 

Exogenous effects 



Positive feedback destabilizes pop dynamics 

Sharon Martinson, Tiina Ylioja, Brian 
Sullivan, Ron Billings, and Matt Ayres.  
Alternate attractors in the population 
dynamics of a tree-killing bark beetle. 
Population Ecology 2014 



Many herbivores have hosts beyond their 
current range. 

frequent rapid range 
expansion 

pre-existing hosts 
newly suitable climate 
short generation times 
high reproductive potential 
rapid dispersal 



Invasions and 
range expansions à 

Risks of 
pestilence 

Enemy release 

Susceptible trees and forests 

Naïve pest management 



Phylogenetic conservatism of pestilence 
Similar:  phenology and life history; 

   hosts and feeding mode; 
   enemies and symbionts; 
   similar population dynamics. 

Therefore, new pestilence tends to involve 
familiar pests 

Dendroctonus 

Lymantria 
Malacosoma 
Choristoneura 

Ips 
Adelges 

Scolytus Pissodes Hylastes 

Rhyacionia 

Matsucoccus  

Bursaphelenchus  
Sirex 

Agrilus 

Operophtera 



Δ climate 

↑ invasions & 
expansions 

Globalization; 
Δ land use 



Dendroctonus frontalis, Southern pine beetle 
 



Southern pine beetle 
epidemics expand into 
New Jersey Pinelands 

Weed,	  Hicke,	  and	  Ayres.	  
2013.	  Ecological	  Monographs	  



Photo by Bob Williams, Land Dimensions 

New Jersey pines killed within 
weeks by D. frontalis 



New Jersey pines killed by D. frontalis 



Weed et al.. 2013. Ecol. Monographs 
Tran et al. 2007. Ecol. Applications 
Lombardero et al. 2000. Env. Entomology 
Ungerer et al. 1999. J. Biogeography. 



Jan	  8,	  2014	  







New Jersey Pinelands 
From aerial and ground surveys by NJ Forest 
Service 



NJ Pinelands 

Wertheim NWR, 
Long Island, NY 





SPB impacts on Long Island as of 2014 SPB impacts on Long Island as of 2014 



SPB trapping results from spring 2015 

Kevin Dodds 
US Forest Service 



Why is the southern pine beetle not so 
southern anymore? 

•  Coldest winter night is not as cold as it used to be. 
•  Naïve forests? 



Defenses of Pinus rigida? 

Carissa Aoki 



Old pests in new places: testing and extending risk rating 
models from southern pine forests 

Carissa Aoki 



High Basal area  
Small crowns 

High % pine 
High stem density 
Smaller DBH 

Increased risk with: 

Carissa Aoki 
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Extensive tree mortality 
2005-2014 

Expanding epidemic 
as of 2015 



Why is the southern pine beetle not so 
southern anymore? 

•  Coldest winter night is not as cold as it used to be. 
•  Naïve forests. 
•  Naïve forest managers? 





I am contacting you as an identified person with expertise in this matter to 
request your opinion on whether the SPB should be considered (1) an 
invasive species or (2) a native pest expanding into New York State 
 
From NY law (link) 
 
(s) 'Invasive Species' means a species that is nonnative to the ecosystem 
under consideration, and whose introduction causes or is likely to cause 
economic or environmental harm or harm to human health. For the purposes 
of this Part, the harm must significantly outweigh any benefits. 
 
(u) 'Native Species' means with respect to a particular ecosystem, a species 
that, other than as a result of an introduction, historically occurred or 
currently occurs in that ecosystem, or in New York State. 
 
(j) 'Ecosystem' means the complex of a community of organisms and its 
environment functioning as an interactive unit. 

Dec 2014 



29 March 2015 



Attempted SPB suppression on Long Island 



Maintaining pitch pine forests 
in the new world? 



Mature 
stands 

Regenerating 
stands 

Carissa Aoki Ken Clark 



Is climate change reducing 
beetle impacts in the south? 







Jeff Lombardo 

Measurement of upper 
lethal temperatures in D. 
frontalis (acute and 
chronic exposure) 

Climatic patterns in hot 
spells in the southeastern 
U.S. 



Hot spells in Kisatchie National Forest, Louisiana: 1940 – 2013 (from NOAA data) 

 
Logit(p) = b0 + b1·X + b2·Y + b3·X 2 + b4·Y 2 + b5·X·Y 



Jeff Lombardo 



Jeff Lombardo 
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Why is the southern pine beetle not so 
southern anymore? 

•  Coldest winter night is not as cold as it used to be. 
•  Naïve forests. 
•  Naïve forest managers. 
•  Warming summers limit SPB in the south. 
•  Effective monitoring, suppression, and prevention in 

historic outbreak regions. 

Journal of Forestry, 2015 



Tactics for environmental security in the Anthropocene 

1. Adaptive management But why don’t we do it?! 



Nichols et al. 2007.  J. Ornithology 148: S343- 

Strong density-
dependent 
recruitment 

Weak density-
dependent 
recruitment 

Additive mortality 

Compensatory mortality 



Tactics for environmental security in the Anthropocene 

1.  Adaptive management 

2.  Transdisciplinary study of coupled human-natural 
systems. How to do it faster and better? 



Examples of transdisciplinary challenges for forest 
management 
1. How to slow the flood of human-aided biological invasions 

New laws are in 
“the mill” for U.S. 
Farm Bill, 2018 



Examples of transdisciplinary challenges for forest 
management 

Reviewed	  in	  Weed,	  Hicke,	  and	  Ayres.	  2013.	  Ecological	  Monographs	  

2. Valuation of forests and forest pestilence 
 

Direct costs 

Nonmarket costs 

Long term accounting 

Hedonic modeling 



Examples of transdisciplinary challenges for forest 
management 
3. Social perceptions of forests, forestry, and forest science 
 



Examples of transdisciplinary challenges for forest 
management 
4. Profitable forest products industry in a changing economy  
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Climate 
change 

Human 
land use 

Invasive 
species 

Shifting 
distributions 


