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Forest Adaptation Spectrum
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Repackaging silviculture

Components of silvicultural systems for sustained management

Phase Component treatments

Regeneration Natural Resilience &

Artificial - seeding oy .
- planting Transition Strategies

Release treatments

Pruning Resistance Strategies
—= Thinning

-~~~ Intermediate treatments

Clearcutting method

Shelterwood method Resili
ilien
Harvest Seed-tree method esilience &

| Selection method Transition Strategies

Other partial cuts
Nyland (1996) Two-aged methods
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Repackaging silviculture AR
Barten et al. (1998)

Patch, irregular
shelterwoods,
and selection

cuts to guide
development of
structurally
diverse stands

Optlmal watershed protection forest consists of

three patch characteristics:

1. Regeneration for recovery following
disturbance

2. Vigorous middle-aged trees and stands for
nutrient uptake and biomass accumulation

3. Mature trees and stands for seed sources and
amelioration of temp and moisture conditions
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Silvicultural outcomes and adaptation

1. Forest composition

» Functional characteristics of species (drought tolerance,
regeneration strategies, disturbance response)

2. Forest structural conditions

» Resource levels and heterogeneity, size and cohort
structures (disturbance and drought response)

3. Site conditions

* |s adaptation a priority based on edaphic factors and
disturbance vulnerability?
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(i) Mean drought tolerance
Russell et al. (2013)

Shade tolerance is common lens
we use to evaluate stands
-general inverse relationship with
drought tolerance




Compositional considerations i

Long-term silvicultural impacts on stand drought tolerance
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Bartlett Experimental Forest, NH Penobscot Experimental Forest, ME

mmmm Control mmmm Control
] C_rop tree B Shelterwood
Em Single-tree mEm Single-tree

ot al. (2017)
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Drought Seed mass Drought Seed mass

* Reduced drought tolerance under single-tree selection (opposite
shade tolerance)

» Greater seed mass reflective of beech dominance in selection plots at
BEF; decline at PEF due to increasing hemlock

 Homogenization towards vulnerable condition relative to projected
changes in climate



Structural considerations AR

» Past vulnerability of managed and unthinned
stands to known drought events (e.g., 2001)

Long-term silviculture studies at Penobscot Experimental Forest, ME

1.1
Selection stands No effect of drought
105 Py on stand-level growth
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Structural considerations I S

» Past vulnerability of thinned and unthinned stands

to known drought events (e.g., 1988)
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Varymg within stand densities to

Single trees (thinned matrix)

Distributed mature habitat

Potential refugia

Greater drought sensitivity
Lower wind vulnerability
Greater selection pressure

Openings
Increased vegetation cover

Adaptation opportunities via
natural and artificial regen
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Regeneration considerations

Projected changes in suitable habitat by 2100 (Tree Atlas
New England-wide summary, Janowiak et al. 2018)

Decreasing

Increasing

American beech
balsam fir
balsam poplar
black ash
black spruce
n. white cedar
paper birch
red spruce
sugar maple
white spruce

black cherry cherrybark oak
black oak persimmon
black walnut loblolly pine
chestnut oak pond pine
e. cottonwood sand pine
e. red cedar southern red oak
mockernut hickory sweet gum
northern red oak Virginia pine
pignut hickory
yellow poplar

Primarily intolerant and midtolerant species



Future-adapted regeneration
Patch selection harvests in western MA (1/3 acre gaps)

8 = Coarse wood |
retention

1000 ft

Patch selection openings (all =
preexisting beech felled) with various =~ =«
levels of w/in gap structural retention




Future-adapted regeneration
Resilience profile of sapling layer 3 years post-treatment

Saplings (= 4.5 ft tall,_@ <4inDBH) _ _ B red maple

a _s iy [ beech
I black birch

B2 sugar maple
B striped maple
[ quaking aspen
BEBH] black cherry
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Control Patch selection Patch seection.
w/ legacy trees w/ coarse wood
« Addressing beech competition and providing adequate light
environment central to increasing future-adapted
component (i.e., silviculture 101)
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VLP-32c dual- return LiDAR of northern blocks
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New England Resistance
Adaptive

Silviculture for

Climate

Change
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Second

College Grant,
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6500 bare-root seedlings planted at ASCC
Planted only in 1-acre gaps as part of
continuous cover irregular shelterwoods
Species selected for functional redundancy

Picea rubens *Decrease
Tsuga canadensis *Decrease
Pinus strobus No Change
Populus grandidentata No Change
B3F3 Castanea dentata (seed) No Change
Carya cordiformis Increase
Betula lenta Increase
Prunus serotina Increase

Quercus rubra




Planted seedling survival
FAM type

E

E

E

red oak
red spruce
white pine
PE black birch
E bigtooth aspen
PE bitternut hickory
E eastern hemlock

abelane [|eJonO

PE  American chestnut
PE black cherry

E=enrichment planting . . . . . . . . . .
PE=population expansion O 10 20 30 40 50 60 70 80 90 100
Surival (%)

* Lower survival for seedlings representing assisted population
expansion versus enrichment

* Lagged response may pose potential risk to planting today
based on 100-year projections




Moving forward with adaptation




Building on the Era of Complexity

"There are even fewer absolutes in ecology than in
forestry, but an emerging operating maxim is
Simplification is rarely beneficial." (Franklin et al. 19806)

DOUGLAS-FIR: g

Stand
Management
For The Future

MODIFYING DOUGLAS-FIR MANAGEMENT REGIMES
FOR NONTIMBER OBIJECTIVES

Jerry F. Franklin, Thomas Spies, David Perry, Mark Harmon, and Arthur McKee



Building on the Era of Complexity

Revisiting two of several principles guiding our
previous silvicultural "revolution™

1. Continuity - provision for continuity in forest
structure, function, and biota between pre- and post-
harvest (legacies, system "memory")

2. Complexity - create and maintain structural and
compositional complexity and biological diversity
‘through silvicultural treatments

o
s

(From Seymour and Hunter 1’999, Franklmetal2007) '-



Building on the Era of Complexity

Ecological silviculture principles

" Principle Linkages with Uncertainty and Adaptation
Long-term options for regeneration and structure in

face of uncertainty
Continuity « Amelioration of harsh environmental conditions
» Regeneration safe sites (shaded understory, well-
decomposed dead wood)
* Micro-refugia for sensitive taxa
Conservation of genetic diversity  Palik et al. (in press
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Building on the Era of Complexity

Ecological silviculture principles

Principle

Linkages with Uncertainty and Adaptation

Complexity

* Reduced vulnerability to disturbance
« Spatial variability in fuels
Heterogeneity in: 1) wind risk, 2) potential host
species abundance, 3) within-species stress
tolerance (tree size/age), 4) resource availability

« Multiple recovery/developmental pathways
« Diversity of seed sources and reproductive
mechanisms
Heterogeneity in microsites for new species
e VBT T



Conclusions kS

* [In many circumstances, adaptation will entail
repackaging of silvicultural strategies with an eye
towards increasing and maintain ecosystem
heterogeneity

 Despite future change, understanding of past drivers
and dynamics can still inform transition methods

« Use of regeneration methods that maintain overstory trees
during regeneration phase to keep options on site and
ameliorate extremes

 Build on decades of experience managing these systems,
particularly with recen
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Compositional considerations i

Future establishment of major tree species on the Green Mountain NF
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basswood (16)
| X bitternut hickory (2906)
j ‘ w black cherry (95)
@ red maple (21)

American beech (45)

balsam fi red oak (3630)

r:c';’ :a:)uil:;h(g) S ‘ sugar maple (66)
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Probability of seedling establishment predicted to:

« Decline for smaller-seeded species (paper birch, balsam fir, red spruce, and
yellow birch)

« Increase for larger-seeded species (oak, hickory, beech, cherry)
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