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Nonnative pests 
and pathogens are 

a dominant 
disturbance in 

temperate forests 
worldwide



Steady accrual of insect pests and pathogens, U.S.

Halpern 2008
Aukema 2010

Liebhold 2013



Historical, active, and emerging threats 



Loss of foundation species
Chestnut blight

Largest chestnut in NH, 2023North Carolina, circa 1920



Loss of foundation species
Chestnut blight, Hemlock wooly adelgid, Emerald ash borer

WI Dept. Nat. Res. 2018



Shifts in biomass storage capacity, forest size and 
age structure, and demographic rates



BBD impacts

Proliferation, not extirpation, of beech stems

Beech forests have seen a sustained shift to 
smaller, denser forests over time.

Garnas et al. 2011



Fei et al. 2019



Approach: Re-examine eastern forest 
dynamics from the perspective of shifting 
tree demographics as F(pest duration) 
using FIA remeasurement cycles

Fei et al. 2019
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The “Inverse-J distribution”

Decreasing geometric series

q-ratio
Originally considered as a 

tool to guide the 
management of uneven aged 

stands 

(Leak 1965, Kerr 2008; but 
see Ducey 2006)



Old growth red pine near Itasca, MN, Pinus resinosa

Many stands (whether natural or planted) are not uneven age



Beech thicket (aka “beech hell”) in New Hampshire, USA

Many stands (whether natural or planted) are not uneven age



Stand and landscape analysis of forest health

Stand/forest structure and 
composition can tell us a lot 
about the TRAJECTORY of the 
forest

How can we best use these 
concepts to understand and 
predict key aspects of forest 
health, standing biomass, and 
carbon sequestration potential?
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Equilibrium sapling
abundance



Equilibrium sapling
abundance

Baseline relative
mortality

(1 − e s lo p e·Δ DBH )



Equilibrium sapling
abundance

Baseline relative
mortality

(1 − e s lo p e·Δ DBH )



Tree diameter (binned)

Lo
g(

Tr
ee

 d
en

si
ty

)

Pest effects on the density and 
demographic rates of 

impacted species
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Pest effects on the density and 
demographic rates of 

impacted species

Reduction in density with little 
change in demography
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Pest effects on the density and 
demographic rates of 

impacted species

Increase in mortality rates with 
compensation via recruitment
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Pest effects on the density and 
demographic rates of 

impacted species

Increase in mortality rate, sustained 
recruitment
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Pest effects on the density and 
demographic rates of 

impacted species

Increase in mortality rate, reduced 
recruitment
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Pest effects on the density and 
demographic rates of 

impacted species



Departure from log-linearity 
(transient dynamics and/or legacy 

of single cohort effects)

Pest effects on the density and 
demographic rates of 

impacted species
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Compensatory
recruitment

Accelerated 
species loss

Moderate 
decline

(~ inverse of the slope)

(Y-intercept)



Does size structure at the forest scale approximate equilibrium?



Forest Inventory and 
Analysis (FIA)

• 1-acre sample area for 
every 6,000 acres of forest
• (~127 000 plots total)

• Remeasured ~ 20% per 
year



Does size structure at the forest scale approximate equilibrium?

  - Roughly speaking, yes …



Does size structure at the forest scale approximate equilibrium?

  - Roughly speaking, yes … but

Do empirical measures of mortality and in-growth (derived from FIA 
remeasurement data) match expectations based on structural 
equilibrium?

 











Aggregation methods (county v. region?)



American beech (co-variance in de Liocourt parameters)



Eastern hemlock  (co-variance in de Liocourt parameters)











Empirical v. “equilibrium” mortality



Empirical v. “equilibrium” sapling density



ΔBRM

ΔESA

Beech/BBD
Ash/EAB

Maple/SM
Hemlock/HWA



Take aways (for now)

• Some proof of concept for the de Liocourt approach

• Empirical estimates of sapling abundance (but 
not mortality) largely align with static forest 
structure snapshot

• “Choice”  of spatial and temporal scales matters 
A LOT!

• Range of outcomes vary but American beech (and to 
a lesser degree American elm; not shown) appear to 
be outliers in the strength of their compensatory 
response



Thanks for 
listeningThanks for listening!
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