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Catastrophic wind events such as tornadoes facilitate 

change in structure and function in many forest 

ecosystems.  Trees are uprooted, snapped, or left 

untouched depending on local wind intensity and 

other biotic and abiotic factors.  Post-storm stand 

conditions result in an influx of downed-woody 

materials, as well as damage to residual trees.  The 

increase in downed and standing stressed trees 

throughout and adjacent to tornado-damaged stands 

creates immediate forest health concerns.  Native 

and invasive bark beetles and woodboring insects 

can quickly exploit this new resource and there is 

concern these insects can be spread through large-

scale salvage operations that include firewood 

cutting.  Firewood has been implicated as a pathway 

for movement of invasive species and is a concern in 

the northeast due to the presence of invasives in the 

region.  This project developed a long-term 

monitoring program for native and non-native insects 

within the tornado-damaged area of central 

Massachusetts, investigates insect emergence in 

firewood over time, and continues to test trap types 

to maximize trapping efficiency.  Monitoring will allow 

us to better understand the influence of catastrophic 

disturbances on the local insect community and 

potential anthropogenic movement of pests through 

firewood salvage after a high-impact disturbance. 
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Community Sample: The tornado and control plots were dominated by oak, 

red maple, birch, and white pine.  The average diameter in the tornado plots 

was 8.9 cm (±1.5) and 30.7 cm (± 3.1) in control plots.  Twenty times more 

CWD occurred in the tornado plots with the majority in decay class I (Table 2).  

CWD volumes remained greater in the tornado plots in 2012 with an increase 

in volume in decay class II.   

 

Trap catches are currently being sorted and all bark beetles, cerambycids, 

buprestids, and siricids are being identified to species.  To date, only the 

cerambycids are complete.  A total of 1,578 cerambycids from 47 species 

were captured in control and tornado plots.  Significantly higher numbers of 

cerambycids were captured in the tornado disturbance compared to traps in 

the control site (Figure 5).  Higher species richness and unique species were 

also captured in the tornado disturbance compared to control forest.  Neither 

individual-based rarefaction curve plateaued, suggesting the cerambycid 

community present in the tornado and control sites were not completely 

sampled. 

 

Firewood Study: Bolts were cut, sorted and stacked in rearing barrels 

in May 2012. The barrels were emptied in August 2012 and again in 

January 2013.  The collections are currently being processed.  Visual 

observations were made of increased suckering by downed trees 

classified as “firewood”. The ratio of variable fluorescence (Fv) over 

maximum fluorescence (Fm) Fv/Fm was used to test whether stress 

was affecting photosystem II (healthy samples typically achieve a 

maximum value of 0.850) between treatments (tornado and control) for 

maple, ash, birch, and oak.  Tornado downed suckering trees were 

significantly (P < 0.001) more stressed (0.808 ± 0.02)  than control 

trees (0.826 ± 0.01).  However, there was no difference between 

downed red maple suckers and standing control red maple. 

Community Sample:  Ten storm-damaged and undamaged (control) plots 

were identified in Sturbridge and Brimfield, MA during an initial field visit in 

the Summer of 2011. The stands were mixed northern hardwood with a red 

pine, Pinus resinosa, and white pine, Pinus strobus, component.  Each 

stand had a minimum size of 2.5 ha and a minimum distance between stand 

centroids of 200m.  Aerial photos were used to identify centroids for each of 

the 10 monitoring plots.  Forest stand metrics (species composition, d.b.h., 

basal area, volume, and age structure) were measured for each stand in 

2011 and coarse woody debris (CWD) was measured in 2011 and 2012 

(Table 1).  Five replicates of four trap types were placed within the tornado 

area and another five replicates were placed in an adjacent control stand.  

The four trap types tested to determine effects on scolytine, cerambycid, 

buprestid, and siricid trap catches were 1) 12-unit multiple-funnel traps 

(Synergy Semiochemical, BC, Canada), 2) Intercept panel traps (Aptiv Inc., 

Portland, OR), 3) canopy malaise traps with top and bottom collecting cups 

and black mesh (Sante Traps, Lexington, KY), and 4) modified 10-unit 

multiple funnel trap (Figure 3).  Traps within each replicate were placed at 

least 20 m apart, with each block separated by at least 30 m. Wet collection 

cups were used for all traps (Morewood et al. 2002, Miller and Duerr 2008), 

with propylene glycol (Prestone RV antifreeze) as the killing and preserving 

agent.  The traps were placed in the field in mid-April 2012 and were taken 

down in November 2012.  Every trap was baited with the same lure 

combination throughout the study period. 
 

Firewood Study:  Firewood bolts were cut from ten trees each of the 

following genera: Acer, Betula, Fraxinus, Pinus, and Quercus.  All firewood 

was cut and split in May 2012 and placed in a barrel and secured with a 

screen top to allow airflow and draw emerging insects to the light (10 barrels 

per genera, 5 barrels per treatment – 50 total barrels) (Figure 4).  Insects 

emerging by August were collected and the barrels will remain in place 

through 2013 to track further emergence.  An additional 50 barrels will be 

used to measure emergence from 2013 through 2014. 

We continue to process the 2012 samples to look at bark beetles, 

buprestids, and siricids.  Traps will be deployed again using the same 

protocol in 2013 and 2014.  We will continue to collect insects reared 

from the firewood each season until we achieve zero counts.  Another 

set of firewood will be cut in 2013 and reared using the same protocol.   

An increased frequency of wind-driven forest disturbance has resulted in 

increased potential for native- and non-native forest pests to disperse and 

colonize new areas.  The initial influx of potential brood material is 

temporally finite.  However, large corridors of storm damage create spatial 

connections between patch populations and potentially facilitate additional 

pathways for long-term establishment in previously uncolonized areas.  The 

potential hazard of furthering the spread of colonized insects from firewood 

and other post-disturbance salvage operations place additional political 

importance on developing a monitoring protocol.  The 2008 ice storm clean-

up in Worcester, MA is an example of the potential risk of moving downed 

woody materials from within a major disturbance.  Worcester, MA was under 

domestic quarantine for firewood of all hardwood species in an effort to 

eradicate an Asian longhorned beetle, Anoplophora glabripennis 

(Motschulsky), outbreak. 

The EF 3 tornado that touched down in Massachusetts on June 1, 2011 

resulted in a 39 mile damage path with a 0.5 mile maximum path width and 

maximum wind speeds of 160 mph (Figure 1).  Significant damage was 

reported on the East Brimfield Lake property of the Army Corps of Engineers 

(ACE), and the Brimfield State Forest managed by the Massachusetts 

Department of Conservation and Recreation (DCR) (Figure 2).  There is 

currently little available information on post-tornado insect colonization and 

dispersal.  This work will enable us to detect and monitor insect establishment 

in tornado damaged mixed northern hardwood / pine forests with an 

emphasis on high-priority pest species and assess the risk of large scale 

disturbances creating multi-year pathways for non-native insects. 
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Figure 1. Landsat 5 satellite image between 

Springfield and Sturbridge. MA: A. October 8, 

2010, B. June 1, 2011: 

A. 

B. 

A. D. B. C. 
Figure 2. A. broken red pine stems, B. downed hemlock and oak, C. center of 

tornado path, D. wind-twisted hickory stem 

A. D. B. C. 
Figure 3. A. 12-unit multiple-funnel trap, B. Modified 10-unit multiple-funnel trap, C. Intercept 

panel traps, D. Canopy malaise traps with top and bottom collecting cups and black mesh. 

A. B. C. 
Figure 4. A.  Firewood cut from within the tornado path from each tree genera.  B. 

Firewood split into quarters.  C. Firewood was then placed into rearing containers where 

emerged insects will be collected for two years. 

Table 1. Coarse woody debris classification. 

Decay Class Definition 

I Bark firmly attached, exposed wood has fresh color. 

II Bark not firmly attached or absent, wood solid, surface does not flake off 

III 
Bark generally absent, log is firm, surface of wood flakes off or looks shredded.  

Wet wood may compress like a sponge and then bounce back 

IV 
Log is no longer a solid piece, though large chunks remain, log will crush or cleave 

into larger pieces when kicked.  Log shape is oval or flattened. 

V Log is predominantly powdered.  Log shape is quite flat. 

Table 2. Mean coarse woody debris volume (m3) per plot in tornado and control plots. 

  2011 2012 

Decay Class Control Tornado Control Tornado 

I 47.2 29,738.9 1,454.9 17,655.9 

II 219.3 442.1 1,273.7 6,024.4 

III 962.3 687.1 501.2 579.8 

IV 288.3 48.4 201.3 154.1 

V 5.5 0 235.3 52.1 

Total: 1,522.7 30,916.5 3,666.4 24,466.3 
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(USFS-DFO), and Marc DiGirolomo (USDA-APHIS). 
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Figure 5.  A.  Average number of cerambycids captured  in control and 

tornado plots.  B.  The number of species and unique species captured in 

control and tornado plots.  C.  Rarefaction curves for the cerambycid 

community sampled in the control and tornado plots..   
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Figure 6. A. Siricid emergence holes on a downed white pine.  B. Red maple 

suckering from a tornado-downed tree.  C. American chestnut suckers within 

the tornado-damaged area. 
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