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We all know
* Forests change over
space

* We might define
patches, more
similar inside than
surrounding area

* Forests change over time

 Patches fade, shift
around on landscape
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Competition
for light

shapes forests

Competition

for nutrients
and water

shapes forests

Photo Dirk Hobman
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We all know

Competition
for light
shapes forests

Competition
for nutrients
and water
shapes forests



Aboveground biomass (Mg ha™)
0 20 40 60 80 >100 We all know boreal forests are

C— the most extensive on Earth,
g e generally with higher biomass in
F N N more southern areas
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map by P
Chris -
Brackley

Géographic We all know

boreal
100 YEARS OF
FOREST FIRES forests

IRGLORASE cannot stay
the same
across
centuries

Half of
Canada’s
boreal
forests
burned in

.- Bl Boreal forest the past

| o = B Other forest
AREA BURNED BY FOREST FIRE | Ty " Non-forest Century

*Data for 2023 fire season current to August 17.



Sizes of
major events

Most area of old forest occurs
in patches of 300 to 1000 ha

Average patch size 0.5 ha
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Frequency (% of total old forest area)
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y et al. 2024



Patch sizes of old forests (>110 years) in Quebec and Ontario, Canada Landscapes
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Moving on to cumulative frequency patterns:

20% of all area in old forests
occurred in patches greater
than 10,000 ha

0

200000 300000

Patch size (ha)

100000

based on Mackey et al. 2024
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50% of all area in old forests |
occurred in patches less than|
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major events

| Boreal forests across Canada -1.5 million ha area in Quebec, Canada

Boreal forests across Russia

" Boreal mixed

woods
Boreal black spruce

Most burned areas occur in patches
of thousands of ha, sometimes
tens of thousands of ha

About half of burned
area occurs in patches
> 5,000 ha
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Cumulative area of all fires (%)
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Patch size (ha) Patch size (ha)
based on de Groot et al. 2013 _ Bergeron et al. 2002
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Sizes of

major events
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290,000 ha area in Alberta,
Canada, boreal mixed

About half of burned
area occurs in patches
> 70,000 ha

100000 150000 200000 250000 300000
Patch size (ha)

20000

based on Cumming 2011
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215,000 ha area in northern
Minnesota, USA, boreal mixed
~ woods

Cumulative area of all fires (%)

I About half of burned
I area occurs in patches
I >55,000 ha

20000 75000 100000

Patch size (ha)

D i
0 25000

based on Heinselman 1973

125000




Sizes of
major events

Alberta,
Foothills and mountains Canada

100 | Western Quebec,
Canada
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Sizes of
major events
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_ Intervals between fires from 1300-1600
In a 60,000 ha area of
Vasterbotten,

" N. Sweden

About half of the
periods between
fires were <75 yr,
and half >75 yr

100 150 200
Fire-free interval (years)
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Cumulative area of all fires (%)

Half of area
burned in fires
>2,000 ha

1300-1600

I
I Half of area burned

I in fires >15,000 ha

¥
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Patch size (ha)




Sizes of Landscapes
major events

In between large fire events, storm In between events, chronic processes
events can create patches of several ha in forests routinely create small “gaps”
100 [ Gudrun storm in ' ' ] 100 _7409 ha forest (300 km southeast of Arkhangelsk,

— Russia)

s Southern Sweden D
% 80 | E a0 |
5 °
E 40 | g 40
g 20 | E 20 | .
© O Partial__ n}or}_gjjty_,: stlaf_\ding dead trees

0 3 6 9 12 0 20 40 60 80 100
based on Seidl et al. 2014 Patch size (ha) based on Kuuluvainen et al. 2014 Patch sizes



Sizes of

major events

Cumulative area aﬁeﬁted (%)

Spruce budworm inn balsam fir
forests of Gaspe Peninsula,
Canada

Patch size (ha)
- s e_:_aln'a_IZi'TE-e-shaw 2007

100 | Size frequencies of clearcut patch
areas in Sweden, 1985-2008
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Half of clearcut area
in Sweden occurs in
patches <5 ha
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100 . . Neighborhoods and landscapes

Distance of edge influence

Adjacent patches may influence each other;
the amount of “interior” area depends on
depth of edge effect, and patch size

Interior area beyond edge influence (%)

Patch size (|
based on Chen et al. 1992

After 5 decades of
management in a
10,000 ha landscape

in eastern Finland:
(based on 100-m edge effect)
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Regeneration is less near large trees at edge of patch, Neighborhoods
girdled plot with Scots pine in Sweden
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N-facing

Seedling height (cm)

photos courtesy.of AndreasPalmen; = g t
see Hogberg and Hogherg2022 = . ™ niil o SRS

Same pattern with clearcut 1 1 , l L
; m =10 -5 0 5 10 15 20
IN VaSterbOtten, SWEden: Distance from forest edge (m)

based on Axelsson et al. 2014



Growth in rotational and continuous cover forests Neighborhoods

Rotational Scots pine, Finland Continuous cover fir/spruce, Switzerland
— ® __ 150
'; Rotational pine stand-level i '~ Continuous cover stand of
-~ : net increment . ‘_|>“ . fir and spruce:
| Age 46: 7.7 m3 halyr! i o 120 growth only of trees
b Age 70: 6.6 m3 halyrt v remaining at the final
‘"”E Age 90: 5.3 m3 halyrt e measurement period
- 15} E 90
= _j E
c / -
(D) v CIC)
g 10 | : / c 60
b N - a*fj GLJ
f= 46 years old f’ 8
8 57 70 years 5 30 |
O old o
; 90 years (@)

4 - old =

0 — . . . - 0 . .
0 20 40 60 €0 100 0 20 40 60 80 100
& smaller Tree percentile, based on volume at age 90 larger > & smaller Tree percentile, based on volume in 2017  larger >

Data from Harri Makinen Plot 1015001, EnviDat, Swiss Federal Research Institute for Forest, Snow and Landscape Research



In rotational forestry, largest trees usually (not Neighborhoods
always) use light more efficiently to make wood

In continuous cover forestry, maybe the pattern with tree size would be very different?

In both systems, what happens to the largest trees is crucial for stand-level growth

Rotational spruce, Austria Continuous cover fir/spruce
0.8
0.25 | . _
Larger spruces used light _ Trees > 20 cm diameter

— more efficiently to grow :3 B used light less
3 0.20 wood w 06 | efficiently to grow wood |
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0.00 . ' . . . . 0 20 40 60 80 100
30 40 50 60 70
Diameter (cm) Diameter (cm)

based on Gspaltl et al. 2013 based on Forrester 2019, Forrester et al. 2022



#2023 Long-term yield and biodiversity in stands managed with the selection Neij gh borhoods
FOREST system and the rotation forestry system: A qualitative review

EC@'—UGV ﬂﬁle Adam Ekholm“, Lars Lundqvist °, E. Petter Axelsson“, Gustaf Egnell ’, Joakim Hjalten“,
MANAGEMENT Tomas Lundmark , Jorgen Sjogren ™

SCIENCE T SUSTAIM THE WORLD'S FORENTS
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“In conclusion, management with the selection system may come with a loss

in long-term stand vyield
“We recommend future studies to specifically focus on long-term effects
on biodiversity — in particular on species of conservation concern

“There is also a need to establish a long-term research
infrastructure to further develop the field”
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rchland et al. 2013

Lots of
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Neighborhoods
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Sporocarp mass (g m?)
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Distance into girdled plot from forest (m)
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Neighborhoods

Open habitat spiders T I Interior habitat spiders

15¢

Clearcuts

10}

05}

Fires

Number of spiders (weekly, per trap)

Number of spiders (weekly, per trap)

= <] i 4 5 3 0-0 5 5 i 3 I
-40 -20 0 20 40 -40 =20 0 20 40
a4 Distance from edge into opening (m) Distance from edge into opening (m)
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3 Nelghborhoods
Moss cover Severe browsing . _
on fir : .
. QL
=
T go I?ensity .Of i
E fir seedlings Graminoid 3— ;
£ £
= 60 cover & The influences of edges
g0 o
= . differ among ecological
¥ © 40 J . .
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BC,Canada

5000-8000 ha patches, 30-40 yr post fire

Yukon,Canada -

(®)]

Population peak period

Pellet count per quadrat
w

Pellet counts per quadrat
N

21 15-20 ha patches, 18-26 yr Population decline period
post harvest
2
| 1t :
| — Population low period
: 0 Mature forests, >140 yr 0
2 4 6 8 0 2000 4000 6000 8000

Year Patch size

- Reid et al. 2024
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black spruce/lodgepole pine asp



Predators differed in responses:

Landscapes

Lynx occurred only in large patches, large patches had little use by martens

N

OLynx OCoyote [ORedfox/ []Marten
100 i
n Il
> gg | BC, Canada I
ge I |
D |
|
£ 60 b
S !
9 40 | '
O l I
C I
— 20 |
\ ” 7\
‘ |
0 ‘\ ‘*\ 7
Mature forest Small patches Large patches
Reid et al. 2024 (clearcuts) (fires)

White spruce/black spruce/lodgepole pine/aspen forests



What we might

What can this What can this What can this _
Scots pine be forest be in landscape be th.mk about,
in the future? the future? in the future? might do

fe indeed. .
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What we might
think about,
might do
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What we might
think about,

o the |ImItEd mformatlon about

spatial aspects >50 m
- Need more direct assessments of Iong
gradients (espeCIaIIy for W|Id||fe)
across lohg perleds' '
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What we might
think about,
might do

biggest effects in

both RF and CCF —

but maybe not the
same effects?

A clear focus on

largest trees might
teach us a lot.




What we might

Some thoughts to develop
PR s 3 think about,
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Forests do not teII one If fo,.es%grh-ave sO many

b ; }}Q story across Iandscapes viable ways to develop,
g Ty Dt i how do we make wise
Al A5 i Forests s decisions about stands

repeat e and landscapes?



* |f forests don’t have single stories, “command and control” What we might
policies and prescriptions may not be the best think about,

* |f asingle desired future forest isn’t the focus, consider might do
“undesired” futures to avoid
 “Pocket Science” approaches every management

unit as a learning opportunity
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Focus on individual-trees (neighborhoods) to understand What we might

growth in RF and CCF think about,

e Study transects with long distances into patches might do
(especially for wildlife) — with Citizen Science?

* Create opportunities for the next generation of forest scientists

and society: invest in widespread field laboratories 4&

¢ to be measured over coming decades =0







Spatial implications of 100 year “rotations”

100 100 yr rotational forestry
80 F--- 100 yr random fire cycle |
& |
g |
— |
S 60L ' About 20% of the fire-
% | cycle landscape would
E 40f ' be older than 150 yr
-
I
20 | !
- |
|
|
0 - v - . .
0 100 200 300 400 500
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