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Let’s talk about old-growth forests:

1. What have we learned?

2. Commonality and variability around
the world

3. Inventory and conservation in the
U.S. and Europe

4. Restoration and adaptation in the
face of global change
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We tend to
romanticize
old-growth,
looking for
iconic forests

Old-growth hemlock-
hardwood forest, High
Peaks Wilderness,
Adirondack State Park, NY

Photo credit: W.S. Keeton

Ecology and Recovery
of Eastern Old-Growth

Forests
Edited by Andrew M. Barton and
William S. Keeton

www.islandpress.org

ISLAND "/



What have we learned? Commonality and variability Inventory and conservation

“Contemporary
ecology paints a
different picture...
we have to
recalibrate...the
retrained eye sees
the messy
consequence of
disturbance as

complexity...”
- Keeton and Barton. 2018. In:
Barton and Keeton (eds.). Ecology

and Recovery of Eastern Old-Growth
Forests. Island Press

Restoration and adaptation



One Pathway of Forest Development Following
Partial Disturbance
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Figure modified from Franklin and Spies (1991). Development stages
modified from Franklin et al. (2002) and Oliver and Larson (1996)
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No precocity (conventionally described pathway)
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Check for
updates

Research

Cite this artide: Mikolas M et al. 2021
Natural disturbance impacts on trade-offs and
co-benefits of forest biodiversity and carbon.
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Figure 2. Maxima of forest functions along the gradients of maximum disturbance severity and time since that event. Isolines represent upper percentiles (greater 5 :
than 80%) of GAMM-predicted values of the forest functions.
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The Koprova Valley in the High Tatra Range
(Carpathian Mountains) in the Slovak Republic:
a primary forest landscape shaped by centuries
of superimposed natural disturbances ' :
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Old-Growth Riparian
Forests

Strong effects on:

* Large wood loading

e Stream geomorphology

* Light regimes and in-stream
productivity

* Nutrient processing and retention

* Flood resilience

* In-stream carbon storage

See papers by: Keeton et al. (2007), Warren
et al. (2009), Bechtold et al. 2016), Warren
et al. 2016, Keeton et al. 2017, Peters-
Collaer and Keeton (2025)
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Old-growth forests are a global ecosystem formation across the
temperate biome in both northern and southern hemispheres

i, e’

Forest Ecology and Management 291 (2013) 458-479

Contents lists available at SciVerse ScienceDirect !m _
and Managermernt
Forest Ecology and Management Mt aste e
l. _-['l VIER journal homepage: www.elsevier.com/locate/foreco

Review

Commonality and variability in the structural attributes of moist temperate
old-growth forests: A global review

Sabina Burrascano 2, William S. Keeton®, Francesco M. Sabatini ®*, Carlo Blasi?
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Global Review of Moist Temperate Old-Growth B Mature
Forest Structure (Burrascano, Keeton et al. 2013)
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Figure explanation:

» Boxplots of data distribution for forest types (C — conifer, DB — deciduous broadleaf, EB — evergreen
broadleaf, C/DB — mixed conifer/deciduous broadleaf, EB/C — mixed evergreen broadleaf/conifer).

* The median, first and third quartiles, and whiskers (corresponding to 1.5 times the inter-quartile
distance) are reported. Empty circles represent outliers.

« Sample size is reported at the bottom of each box.

* Monte-Carlo two-sided significance levels are at the top (n/a: no test was possible; ns: not significant.
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e Spatial
variability is > T . B AT ] S
THE defining b tEE Lt f
characteristic '

Old-growth

structure in
dynamic
systems is an
emergent
property

.
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Region

Ordination_70G_Results

Region
s 1. Europe South
2. Europe Central-West
3. Europe Central-East
v4. US East
+5. US Northeast
6. US Northwest
o 7. Chile South
+ 9. Australia Southeast
o 10. Australia Southwest

Old-growth forests in
different regions exhibit
structural similarities
and differences.

The US Northeast and
Central/Eastern Europe
are the most similar in
our dataset

AXis 2

NMDS ordination
of OG stands by
region

(n = 246)

Axis 1
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Patagonia,
Chile

What have we learned? Commonality and variability Inventory and conservation Restoration and adaptation
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Eucalyptus regnans (mountain ash). Queensland, Australia
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Northern-hardwood-
conifer forests.
Northeastern U.S.
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North America NW North America NE Europe

1000+

Overall, carbon storage in

older forests tends to be —,:
high globally, despite: -
< 100;
* Multiple sources of § 0 250 500 750 0 100 200 300 400 O 100 200 300 400
variability, including _S South America Australia Asia
. . o]
productivity @ 1 000-
* Dynamics associated s ——eo
with disturbances, and & o
@ .‘

* Multiple pathways of M

carbon accumulation A

100+

0 100 200 300 400 0 100 200 300 400 500 O
Stand age (y)
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U.S.

VS.

Europe

University
of Vermont

@he Washington Post

cracy Dies in Darkness

HOME TOPICS

U.S. has inventoried old-growth forests.
Will protection be next?

The report is the federal government’s first estimate of America’s oldest trees. Environmentalists hope it is a step for
protecting them from logging.

Press Releases
@ By Anna Phillips Press Release Archives

April 20, 2023 at 5:00 a.m. EDT Radio

Digital

Qld Growth Forests

Agtion is next step in the Forest Service’s work under President Biden’s
Strengthening the Nation’s Forests, C ities, and Local E

ecutive Order on

WASHINGTON, Dec. 19, 2023 - Today, consistent with direction from
President Biden in Executive Order 14072 to conserve and restore old Prass Relad:

. Release No. 025423
and mature forests, the U.S. Department of Agriculture announced a
proposal to amend all 128 forest I3 Mapagement plans to conserve

e European @ E
Commission
Energy, Climate change, Environment “ Ez:fnﬁ;on | @ Engiish Search

Energy, Climate change, Environment

Environment

Home > All Environment Publications > Guidelines for Defining, Mapping, Monitoring and Strictly Protecting EU Primary and Old-Growth Forests

Environment

Home > Strategy > Biodiversity strategy for 2030

GENERAL GUIDELINES

BIOdlvel'Slty Strategy for 2030 Guidelines for Defining, Mapping, Monitoring and Strictly Protecting EU
Primary and Old-Growth Forests

The EU’s biodiversity strategy for 2030 is a comprehensive, ambitious and

long-term plan to protect nature and reverse the degradation of

ecosystems. The strategy aims to put Europe's biodiversity on a path to

recovery by 2030, and contains specific actions and commitments.
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Classification based on carbon accumulation

Alternate mEthOdOIOgieS by forest type for the United States. From:
. Barnet, Aplet, and Belote (2023).
in the U.S.:
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Moded results of forest carbon acoumutation for forest type-groups n the Unted States. When feasble. multiple forest carbon acosmultaton
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Conserving old-growth forests will require
more than just protected areas

Existing old-growth forests are _ i s
threatened by: Threat Analysis Initial Findings

Integrating Conditions with Threats

 Forest fires
* Drought

[ ]
Insects . P ! ' 3 Currently, about two thirds
e Rural housing development. "8 G sl | i e s of mature and just over
SRR 2 ’ Y A half of old-growth forests
are at elevated risk to

All of these threats are e ¥ e . aro at lovated risk 1o
projected to increase in the MOG Integrity "
future. i

USDA Threat Analysis of Mature and Old-Growth Forests. 2023
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Map:

Modeled (predicted) areas likely
to have high concentrations of
primary forests

Remnant stands and patches
are highly fragmented

Findings:
1.4 million ha of primary forest 7
In 32 countries (estimated)

. e
89% have some protection, R S 8
but only 46% are strictly R e f &5 ||\ o
protected 0 100kﬂ}v 3 (I) 1(1)(_\)“km-- A km t._'.:HE'Z‘iT;i:%

FIGURE 5 Areas with the highest likelihood of occurrence of primary forest in Europe at a 1 x 1 km resolution. The top-ranking 5% pixels
were highlighted in purple and the 90-95th percentile in blue. Forests are reported in grey and follow Gallaun et al. (2010)
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Sabatini, Keeton, Lindner et al. 2020. Protection
gaps and restoration opportunities for primary
forests in Europe. Diversity and Distributions

Restoration Upgrading
gap

Where are the restoration and
protection gaps?

A modest 1% expansion of
protected areas would protect all
remaining old-growth in Europe —
0.3% of land area

EU Biodiversity Strategy for 2030
recognizes need to protect and
restore old-growth and to increase
complexity in managed forests

But how can we restore old-growth

forests? Passive management only,
or can silvicultural restoration help?
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Question:

Would closer emulation of natural forest dynamics help restore old-growth
characteristics and complexity in both protected and managed forests?

i o g ] e z
»w 7 e h\; « | i
BT <3 o “ i o8
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. ¥
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Mixed-species “Close-to-Nature”
silviculture in Bohemia, Czech Republic

Structural Complexity Enhancement,
Vermont, USA
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Restoration Treatments to
Accelerate Forest Stand
Development in the PNW

For stem-exclusion stage,
Douglas-fir stands with limited
shade tolerant seed sources:

Step 1. Variable density,
thinning-from-below the canopy

Step 2. Underplanting of shade
tolerant conifers

w g%l‘l,‘é‘;flslggt What have we learned? Commonality and variability Inventory and conservation Restoration and adaptation



Lowland old-growth pine —
savanna; Longleaf and
Slash pines

Fuels treatment and
prescribed burning
will be central to old-
growth restoration in
drier, fire-dependent
forest ecosystems

Upland clayhill old-growth
pine savanna - woodland

University : B e :
w of Vermont What have we learned? Commonality and variability Inventory and conservation Restoration and adaptation



Experimental Old-growth
Restoration in Northern
HardWOOd-COnife ) (e.g. Keeton

2006, Ford and Keeton 2017, Keeton et. al 2018)

| Treatment units

Permanent sampling plots
=== Butler lodge hiking trail

* Long-term study o S

* Testing effects of natural B. |
disturbance-based silvicultural |
treatments on development of
late-successional forest structure
and function

TR . ' || Treatmentunits 5
. |n|t|ated in 2001 ’.: PN ' 2~ A Pemanent samping pits

I Research forest boundary |

e s

" o L6 a0 S

* Treatments in 2003

Fig. 1. Regional map with locations of the three project study areas: (A) Mount Mansfield State Forest (MMSF),

(B) Jericho Research Forest (JRF), and (C) Forest Ecosystem Research Demonstration Area (FERDA). Also shown

. are treatment unit layout maps for the MMSF (A) and JRF (B) study areas. Mansfield treatment manipulations:

d Outcomes mon|to rEd tO present units 1 and 8, control; 2-3, structural complexity enhancement (SCE); 4-5, single-tree selection; 6-7, group selec-
tion. Jericho manipulations: 1 and 4, control; 2-3, SCE. *FERDA Treatment Units (44°25'59.6" N 74°20'36.4" W).
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Mimicking old-growth forest

Mimicking old-growth forest
A new forestry technique pioneered at the University of Vermont mimics traits of old-growth forests, to provide better carbon storage, "
fighting global warming while providing economic benefits and improved wildlife habitat. A new forestry technique pioneered at the University of Vermont mimics traits of old-growth forests, to provide better carbon storage,
fighting global warming while providing economic benefits and improved wildlife habitat
« Previous 1 2 3 4 5 X 4 8 9 Next»
L8 « Previous 1][2][s][a][s&][e 8 9 Next»

BLUEERACY. MOTHER NATURE BLUEPRINT: MOTHER NATURE
Before: The forest contains a
variety of tree species of varying
sizes. Al trees are competing for
nutrients in the soil and for
sunlight. The taller, healthier
trees have been more successful

Reengineering: From surveying the forest, a plan is made
identifying which trees will be preserved or strategically
thinned out

To provide wildlife habitat, snags are created and trees are

L4 at competing for nature's cut or uprooted.
resources.
Trees to be uprooted,
Plan of trees felled, or made into
snags for habitat

developmental
dynamics of old- A G
growth forests ARG

Mimicking old-growth forest Single-Tree Selection

Anew forestry technique pioneered at the University of Vermont mimics traits of old-growth forests, to provide better carbon storage, Stard Vistakonics Syslem UNIT 4 PREHARVEST PLOT.SVS ‘Stand Visualization System UNIT 4 POST HARVEST PLOT SVS
fighting global warming while providing economic benefits and improved wildlife habitat. Post-Harvest

SOURCE: Carbon Dynamic Lab, University of Vermont
James Abundis/ Globe Staft

« Previous BIERENERERCRED : K Next» Ere-Hanvest

o,

BLUEPRINT: MOTHER NATURE

Applying this o)

time, a forest cultivated through
these new techniques wil store
more carbon than one using typical
forest management techniques.

Structural Complexity Enhancement

Stand Visuaiization System UNIT 2 PREHARVEST PLOT.SVS ‘Stand Visualization System UNIT 2POST HARVEST PLOT SVS.

Pre-Harvest Post-Harvest

-

SOURCE: Carbon Dynamic Lab, University of Vermont

ggl‘l,‘éﬁfﬁggt What have we learned? Commonality and variability Inventory and conservation Restoration and adaptation



rd
100
pd
wn 80
=<0 /
SO A0
0L, /
€2 4
< Fd
Co
o 20
B\ /
= 0o /
1000
Fre 100 Y,
Q(/@ 10
’701,
e

University
of Vermont

A “Comparability Index” to guide Natural
Dynamics Silviculture in Europe

B High severity disturbance P

B Intermediate severity disturbance

B Low severity disturbance (diffuse)

] Low severity disturbance (aggregated)

B Clear-cut ~

B Shelterwood cut

B Coppice

CJ  Uneven-aged management P

5

100

Three-dimensional figure displaying size, frequency,qgﬁd
residual structure attributes of silvicultural systems and natur[al/
disturbance regimes in European boreal and temperate forests. ¥

From: Aszalos, Thom...Keeton et al. 2022. Ecological
Applications.



A “Comparability Index” for European forests

(a) (b)
o
- - —~ g ® 97
Size, frequency, and residual structure g g = 7
- - - (10} [l
attributes for natural disturbance regimes N 2 o 4
and silvicultural systems in Europe. g ' g .
(4] —_ —_
Dots indicate the centroids of natural £ B : 7
. . . - o =
disturbance types and silvicultural T T T T !
systems 1 5 50 500 1
Size (ha) Frequency (years)
The Comparability Index is based on the (©
centroids of all the natural disturbance o
t d £ 9 7 B High severity disturbance
ypes assessed. E — B Intermediate severity disturbance
= o | B Low severity disturbance (diffuse)
5 ™ ]  Low severity disturbance (aggregated)
From Aszalos, Thom...Keeton et al. 2022. 5 - B s
Ecological Applications ERNRi B Shefterwood cut
-?, ™~ B Coppice
& — J  Uneven-aged management

University
of Vermont Size (ha)



Applying the Comparability Index: e R SR RiEs B Close—to-thure silvicultural
~ O LR R (Jcmonstration at the Klokocna Forest,
Example ‘ s .
S ' Czech Republic

Does “Close-To-Nature”silviculture o |4 {18 Sl o i
promote old forest characteristics? N3 : v

By
R

Works well for:

* Gap processes

* Natural regeneration

* Conversion to site-endemic, mixed
species composition

* Redevelopment of vertical structure

Needs further modification for:

* Large legacy trees

* Standing dead trees

* Large downed logs

* Tip-up mounds

* Spatial complexity within stands

» Diversification at landscape scales 2>
resilience to disturbance

* Adaptation to climate change

University
of Vermont




The services that old-growth forests provide
may be more resilient to climate change

ﬁé “Services” and biodiversity:

e * Relative to forest age

g * Relative to one another

fqo] * With climate change Thom...Keeton et al. 2019. Global Change Biology
s

> —

O Site biome
_Q e Temperate forest

o Boreal forest

© Forest density

-+ | W Rare

(qe] [ Patchy

s [ Transitional

[ Dominant
; I |nterior
0 250 500 B Intact
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The services that old-growth forests provide
may be more resilient to climate change

(a) (b) (c)
S - ~ B -
Fﬁ ‘_IL ﬂ_ | . \\_
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g 3- S g
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= o ~ = = |ichens
= 3 FFC £ @ B Trees
= = S0C @ it -
£ &7 =it g 7 & 24
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= O o 4 [
[ I [ [ T T T I [ T T | T I |
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i a e m — B Growth vs: TEC =]
m z, — = = Average e o 7
8 {4 2 8- £
= 7 £
5
E - S5 3
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_ W Average o - O © | W Avermge
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0 50 100 150 200 0] 50 100 150 200 0 50 100 150 200
Forest age Forest age Forest age

Thom...Keeton et al. 2019. Global Change Biology
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Old-growth silviculture as adaptive management

* Old-growth will be different

/ B\
in the future = boundary .
- _ Adaptive _
conditions will change complexity ~
< (resiliency, adaptive S
/,/ . \ behavior) -
* But “dynamic” restoration is FuncLona B A
. complexity %, L3 ©
one element of adaptive (redundancy, measured " %, %, ] E
functions, functional trait % %, )
mgt diversily, ecosystem o’)‘. o 8
\ memory) 7 < ¢
* Resistance: e.g. below- | . 9
canopy microclimate Structural L
buffering complexity £
(biological legacies, =
spatial patterns, specific o
. . stand/tree attributes, =
* Resilience: e.g. functional biological diversity) 2

b 4

trait diversity, genetic and
| . . | Fig. 1. Conceptual diagram illustrating the relationship between different conceptions of
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Closing Thoughts:

1. Structure in old-growth temperate forests
is highly variable, but provides services of
universal value

2. Inventories of remaining old-growth vary
among regions, as does degree of
protection

3. Option for active restoration of structural
and functional characteristics of old-
growth temperate forests

4. Conservation and management of old-
growth systems as an element of adaptive
management in the face of climate change
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THANK YOU!
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