
Trade-offs and Opportunities for 
Wildlife and Carbon Management with 

Pitch Pine Barrens as a Case Study

Caitlin Littlefield, Lead Scientist, Conservation Science Partners
John Scanlon, Habitat Program Manager (retired), MassWildlife

June 16, 2022



Higuera & Abatzoglou 2020 
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Unprecedented 
warming and 

highly variable 
precipitation

NOAA National Centers for 
Environmental Information



Rosenberg et al. 2019

Unprecedented 
biodiversity 

decline: habitat 
fragmentation 
and loss plus

dampening of 
disturbance and 

diversity of 
habitats
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NOAA 2020

Compounding 
challenges

We are compelled to 
• keep as much carbon out of the 

atmosphere as possible (mitigation),
• restore habitats and prevent future 

habitat loss, and
• support forests and forest species in 

responding to climate threats 
(adaptation). 



Griscom et al. 2017

Stop fossil fuel use

Forests & woodlands: 
a critical natural 
climate solution 

among countless other 
ecosystem benefits

Natural climate solutions include reforestation, avoided forest 
conversion, conservation agriculture, coastal restoration, etc.



Public sentiments 
towards forest carbon



Growing participation in 
forest carbon markets



Promoting old-growth characteristics 
& retaining ample dead wood



And yet, strategies for maximizing 
forest carbon do not always align 

with wildlife and habitat 
provisioning objectives.



Climate change adaptation
• prioritizes landscape diversity and 

ecological complexity
• maintains and restores natural 

disturbance regimes
• explicitly accounts for trade-offs
• is inherently adaptive and dynamic
• accommodates multiple objectives



https://conbio.onlinelibrary.wiley.com/doi/full/10.1111/csp2.12631



Navigating trade-offs with 
adaptation in four systems



Early successional habitat in New 
England’s northern hardwoods



Legacy of land clearing 
then farm abandonment

Harvard Forest LTER



Legacy of land clearing then 
agricultural abandonment



Reduced influence of beavers 
and their ponds filling in with 
early successional conditions



Other processes and 
disturbance agents that 

historically maintained early 
successional conditions 



Early successional habitat in New 
England’s northern hardwoods



Early successional habitat in New 
England’s northern hardwoods



Nowacki & Abrams 2008

“Mesophication” of 
eastern US forests

“Densification” in 
Midwest open forests

Hanberry & Abrams 2018

Most open forest has been lost 
to agriculture and land uses. 



Minnesota’s Tallgrass 
Aspen Parkland



Minnesota’s Tallgrass 
Aspen Parkland



Michigan’s oak 
savannas



Michigan’s oak 
savannas



Northeast’s pitch 
pine barrens



Northeast’s pitch 
pine barrens



Northeast’s pitch 
pine barrens



Climate change adaptation
• prioritizes landscape diversity and 

ecological complexity
• maintains and restores natural 

disturbance regimes
• explicitly accounts for trade-offs
• is inherently adaptive and dynamic
• accommodates multiple objectives



Energy infrastructure 
development



Account for trade-offs and…
• Forest carbon programs should account for—even 

reward—habitat and wildlife considerations.
• Removals from habitat restoration can go into long-

term carbon storage
• Improve public understanding of how management 

can support wildlife, carbon, and adaptation.
• There is ample room—and necessity—for both 

passive and active management.



In the context of forest 
management, “simplification 

is rarely beneficial”
Franklin et al. 1986
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Wildlife Habitat!! Carbon Management!!

Trade-offs and Opportunities…



Trade-offs and Opportunities…

Conserve 
Biodiversity!!

Mitigate
Climate Change!!



https://guides.nynhp.org/pitch-pine-scrub-oak-barrens/

Pitch Pine-Scrub Oak Barrens

about:blank


https://pinelandsalliance.org/learn-about-the-pinelands/pinelands-overview/

about:blank


https://www.mass.gov/guides/myles-standish-complex-pine-barrens-
restoration#:~:text=MassWildlife%20and%20the%20Department%20of,naturally%20sandy%20and%20fire%20prone.

Myles Standish Complex
Pine Barrens Restoration

MassWildlife and the Department of 
Conservation and Recreation (DCR) are 
restoring nearly 2,400 acres of pitch pine and 
scrub oak barrens in the Myles Standish 
Complex.

The Complex is one of the few places on earth 
where you can explore an expansive, intact 
pine barrens.

This work will reduce the risk from wildfire, 
enhance recreational opportunities, and 
restore habitat for rare plants & animals that 
thrive in this kind of environment.
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Myles Standish 
Complex

Pine Barrens 
Restoration



The Massachusetts Coastal Pine Barrens: a globally rare ecosystem in peril

The Massachusetts Coastal Pine Barrens is one of three remaining coastal pine barrens 
ecosystems in the world.

The New Jersey Pine Barrens and Long Island, New York Pine Barrens may be better known, but 
the coastal pine barrens of Southeastern Massachusetts rank second in the amount of 
undeveloped open space, before Long Island.

https://pinebarrensalliance.org/

The Massachusetts Coastal Pine Barrens Partnership

A community united in protecting, restoring, managing, linking, celebrating and 
recreating within the unique environmental resources of the Massachusetts Coastal 
Pine Barrens.

https://pinebarrenspartnership.org/

about:blank
about:blank


Proportion of carbon 
storage on 

Massachusetts 
forestlands

(FIA EVALIDator 2018).

Forest Carbon 
Storage



https://masswoods.org/sites/masswoods.org/files/Forest-Carbon-web_2.pdf

about:blank


Journal of Sustainable Forestry
Volume 34, 2015 - Issue 1-2: Fire Ecology of the Northeast: 
Restoring Native and Cultural Ecosystems

Fire Management and Carbon Sequestration in Pine Barren Forests

Kenneth L. Clark, Nicholas Skowronski and Michael Gallagher. 2015. Fire management and carbon sequestration in Pine 
Barrens Forests. Journal of Sustainable Forestry. 34(1-2): 125-146. https://doi.org/10.1080/10549811.2014.973607

On an annual basis, stands lost C during the year of the burn, but released C was recovered within 2–3 yrs.

During the 3-5 years following C recovery and prior to the next burn, both soil C & understory C increase.

about:blank
about:blank
about:blank


Cumulative net CO2 exchange 
(NEEc, g C m−2 ), over a 9-yr 
period at the intensively studied 
pitch pine-scrub oak stand in 
Greenwood Wildlife Management 
Area in the New Jersey Pinelands.

Kenneth L. Clark, Nicholas Skowronski and Michael Gallagher. 2015. Fire management and carbon sequestration in Pine 
Barrens Forests. Journal of Sustainable Forestry. 34(1-2): 125-146. https://doi.org/10.1080/10549811.2014.973607

2-3 year carbon
recovery period

3-4 year carbon
increase period

-2

about:blank


Journal of Sustainable Forestry
Volume 34, 2015 - Issue 1-2: Fire Ecology of the Northeast: 
Restoring Native and Cultural Ecosystems

Fire Management and Carbon Sequestration in Pine Barren Forests

Kenneth L. Clark, Nicholas Skowronski and Michael Gallagher. 2015. Fire management and carbon sequestration in Pine 
Barrens Forests. Journal of Sustainable Forestry. 34(1-2): 125-146. https://doi.org/10.1080/10549811.2014.973607

On an annual basis, stands lost C during the year of the burn, but released C was recovered within 2–3 yrs.

During the 3-5 years following C recovery and prior to the next burn, both soil C & understory C increase.

Field measurements and model simulations suggest that continued prescribed burning in upland fire-dependent 
pine-dominated stands would result in a slow increase of soil organic carbon in all forest types except the most 
frequently burned pitch pine-scrub oak stands, and little appreciable effect on long-term forest C dynamics at 
the landscape scale.

about:blank
about:blank
about:blank


Adam F. A. Pellegrini, Jennifer Harden, Katerina Georgiou, Kyle S. Hemes, Avni Malhotra, Connor J. Nolan & Robert B. 
Jackson. 2022. Fire effects on the persistence of soil organic matter and long-term carbon storage.  Nature Geoscience, 15.

While fire is generally treated as a liability to long-term C storage, literature review 
reveals a number of ways that fire could enhance soil organic matter (SOM) stability.

In temperate forests dominated by broadleaf or mixed tree species, studies suggest 
that low-intensity fire can be used to promote deep-rooted species and productive 
understory species as well as SOM condensation while minimizing combustion of the 
organic horizon. 

Prescribed burns could potentially lead to more stable SOM stocks via two 
mechanisms: limiting the fuel amount to reduce the wildfire severity and thus the 
combustion-based losses of SOM during high-intensity wildfires; and/or by increasing 
the C stability in soil by impacting the accessibility, interactions, recalcitrance and 
decomposer communities. 

Fire effects on the persistence of soil organic 
matter and long-term carbon storage



https://www.mass.gov/guides/myles-standish-complex-pine-barrens-
restoration#:~:text=MassWildlife%20and%20the%20Department%20of,naturally%20sandy%20and%20fire%20prone.

Myles Standish Complex
Pine Barrens Restoration

MassWildlife and the Department of 
Conservation and Recreation (DCR) are 
restoring nearly 2,400 acres of pitch pine and 
scrub oak barrens in the Myles Standish 
Complex.

The Complex is one of the few places on earth 
where you can explore an expansive, intact 
pine barrens.

This work will reduce the risk from wildfire, 
enhance recreational opportunities, and 
restore habitat for rare plants & animals that 
thrive in this kind of environment.

Cape 
Cod 
Bay

2 Miles
Camp 
Cachalot 
WCE

Southeast 
Pine Barrens 
WMA

Sly Pond 
WMA

Maple 
Springs 
WMA Red Brook 

WMA

Halfway 
Pond WCE

about:blank


Myles Standish 
Complex

Pine Barrens

The fire did not 
stop until it 

reached Cape 
Cod Bay

Can you say, “Carbon Release”?



Adam F. A. Pellegrini, Jennifer Harden, Katerina Georgiou, Kyle S. Hemes, Avni Malhotra, Connor J. Nolan & Robert B. 
Jackson. 2022. Fire effects on the persistence of soil organic matter and long-term carbon storage.  Nature Geoscience, 15.

While fire is generally treated as a liability to long-term C storage, literature review 
reveals a number of ways that fire could enhance soil organic matter (SOM) stability.

In temperate forests dominated by broadleaf or mixed tree species, studies suggest 
that low-intensity fire can be used to promote deep-rooted species and productive 
understory species as well as SOM condensation while minimizing combustion of the 
organic horizon. 

Prescribed burns could potentially lead to more stable SOM stocks via two 
mechanisms: limiting the fuel amount to reduce the wildfire severity and thus the 
combustion-based losses of SOM during high-intensity wildfires; and/or by increasing 
the C stability in soil by impacting the accessibility, interactions, recalcitrance and 
decomposer communities. 

Using fire to promote SOM stability may be an important nature-based climate 
solution to increase C storage.

Fire effects on the persistence of soil organic 
matter and long-term carbon storage



https://www.srs.fs.usda.gov/pubs/misc/ag_654/volume_1/pinus/strobus.htm

Over time, human fire exclusion in open-canopy Pitch Pine Barrens 
(12-20 tr/ac) leads to “mesophication” and nutrification of the site 
which, in turn, often leads to full-canopy White Pine forest (100-120 
tr/ac) occupying the site.

White pine grows on nearly all the soils within its range. It competes
best on well drained sandy soils of low to medium site quality (but 
grows best on moister sandy loams, especially along riparian areas).

White pine can achieve maximum height growth in as little as 45% 
full sunlight.

White pine continues to grow relatively rapidly to about…

Forest Carbon Trade-offs 

The native range of Eastern white pine

https://www.srs.fs.usda.gov/pubs/misc/ag_654/volume_1/pinus/rigida.htm

about:blank


Forest Carbon

https://masswoods.org/sites/masswoods.org/files/Forest-Carbon-web_2.pdf

Total Storage
is greatest in

old growth forest

Sequestration rate
is greatest in 30-70 
year-old forest

Forest Age 
(years)

https://masswoods.org/sites/masswoods.org/files/Forest-Carbon-web_2.pdf


https://www.srs.fs.usda.gov/pubs/misc/ag_654/volume_1/pinus/strobus.htm

Over time, human fire exclusion in open-canopy Pitch Pine Barrens (12-20 
tr/ac) leads to “mesophication” and nutrification of the site which, in turn, 
often leads to full-canopy White Pine forest (100-120 tr/ac) occupying the 
site.

White pine grows on nearly all the soils within its range. It competes best 
on well drained sandy soils of low to medium site quality (but grows best 
on moister sandy loams, especially along riparian areas).

White pine can achieve maximum height growth in as little as 45 percent 
full sunlight.

White pine continues to grow relatively rapidly to about…

Pine barrens have the potential to sequester and store substantial C in 
managed stands of white pine on fire-excluded sites.

Forest Carbon Trade-offs 

The native range of Eastern white pine

https://www.srs.fs.usda.gov/pubs/misc/ag_654/volume_1/pinus/rigida.htm

200 years of age.

about:blank


Site Index 
For

Eastern White Pine

https://www.srs.fs.usda.gov/pubs/misc/ag_654/volume_1/pinus/strobus.htm

Riparian Sandy Loams

Pine Barrens

about:blank


Trade-offs and Opportunities…

Conserve 
Biodiversity!!

Mitigate Climate 
Change!!

Should we trade the 
biodiversity value of 

globally-imperiled 
pine barrens for the 
substantial carbon 
storage benefits of 

white pine on 
barrens sites?



Thanks! Questions?
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