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26,000-15,000 Years ago

Source: lllinois State Geological Survey
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Courtesy: Harvard Forest

Courtesy: Harvard Forest
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Courtesy: Harvard Forest
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Stands were cut on short-rotations

35%

Upland oaks and hickories
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Devereaux Memorial
Library, Grayling, MI
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When our oak forests originated

Forests were cut more
frequently (short-rotation)

Forests burned over frequently
(and often much hotter)

No deer

Forest cover plunged, then recovered
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An epic pluvial

May-August annual drought area index

Percent Area in Drought

I b

1900 1920 1940 1960 1980

From Pederson et al. (2013) Journal of Climate
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Density (n/ac)

Connecticut’s forest is changing
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Seedling densities also change
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Connecticut’s forest is changing
Our oaks.are q“ec’i;gasing

S
\——/. W \ ”

Our maples are increasing

Future changes with climate?

Black oak Black oak

USDA Forest Service Climate Change Tree Atlas
https://www.fs.fed.us/nrs/atlas/
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25 feet tall ——

Intermediate period (~4-years-old)

Stand initiation {~1~year-old) Crown closure (~ 8-years-old)

Mixed Oak —

» Silvics of selected
species

* Ecology of
regeneration

* Stand dynamics

Hickory

Mark S. Ashton

Morris K. Jesup Professor
of Silviculture and Forest
Ecology

School of Forestry
and Environmental Studies
Yale University
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Performance

Performance

Silvics — Diversity Theory

« Competitive hierarchy

* Fundamental niche partitioning

* Negative density dependence

* Intermediate disturbance hypothesis

Fundamental Niche Differentiation

without competition
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Negative density dependence
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Intermediate Disturbance Hypothesis
Oak Hickory Forest

Successional time

Stem Understory re-initiation
Initiation exclusion

Short-lived pioneers
of stand initiation

Long-lived pioneers |
of stem exclusion
Late-successional

canopy dominants

Late-successional
canopy non-dominants

Late-successional
subcanopy

Late-successional
Understory shrubs

Boreal Forest

Disturbance Disturbance
Successional time

S
>

Stand Stem Understory re-initiation Stand Stem

Initiation  exclusion . Initiation ~ exclusion

Short-lived pioneers
of stand initiation
Long-lived pioneers | i

of stem exclusion J

Ashton and Kelty 2018

23



2018 Silviculture Institute--Mixed Oak-Hickory 7/12/2018

Functional Groups or Guilds of an Oak-Hickory Forest

Guild Developmental stage  Autecology Examples

Pioneer Initiation Frequent production of small flowers and seeds, Sumac
Short-lived (gap phase) dispersed by wind, water, small birds, bats, very Pin cherry
fast-growing — umbrella like; shade intolerant;
superficial; use inefficient; mineral soil seed bed; seed bank
Pioneer Stem exclusion As above for reproduction....but fast growing, columnar  Black cherry
Long-lived (building phase) dense-canopied crowns; use-efficient; sequesters of carbon; Yellow/ black
Vegetative birch, Red maple

Canopy Understory initiation | Frequent but large flowering/fruiting events, Oaks
Dominants (mature phase) dispersed by gravity, predation escape; Sugar maple
shade-tolerant, seedling carpets present before Hickories
disturbance; relatively resistant to herbivores; Ash
crown plasticity — “columnar to cauliflower”;
site restricted.
Canopy as above Frequent regular flowering/fruiting, large but Magnolia
Non-dominants relatively fewer flowers and fruits; density dependent; Persimon
shade tolerant; few seedlings present Basswood
before disturbance; dispersed by animals;
prone to herbivory; crown morphology as above....
Sub-canopy as above Crowns columnar, greater reliance Sassafras
on vegetative prop. Dogwood,Musclewood
Understory as above Crowns planar, low level flowering — Witchhazel
rel. inconspicuous, heavy reliance Viburnum
on vegetative prop. (modified after Ashton et al. 2001)
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Full Sun

Light Intensity Gradient
Partial Shade
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Light Intensity Gradient
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Partial Shade

Dark Shade

Drought Prone

Soil Moisture Gradient

Ever-Moist

Periodically-Inundated

Upland Hardwoods of Southern New England

Eastern Hemlock
American Beech
Sugar Maple

Red Maple

Eastern White Pine
American Chestnut
Black Birch
Yellow Birch
Shagbark Hickory
Northern red oak
Swamp white oak
American Elm
Mockernut Hickory
Pignut Hickory
Scarlett Oak

Black Oak

White Oak
Chestnut Oak
Black Cherry
Tulip Poplar
Basswood

White Ash
Bigtooth Aspen
Aspen

Gray Birch

Paper Birch

Pin cherry

VT — very tolerant
VT
A%

T — tolerant

IT — intermediate intolerance G/OG

I
I — intolerant
T — tolerant

IT — intermediate tolerant T

T

II
I

I

IT — intermediate intolerant IT

I1
I
I
I1
I — intolerant
[

I
VI - very intolerant
\%!
\%!
\%!
VI

VI - very intolerant
I — intolerant
T
VT
VT — very tolerant
VT
T

I1
I

MIS/OG
MFS/OG
G/UI
G/OG

HFS/UI
MFS/OG
G

/SS
MFS/SI

SI — stand initiation
SS — stem exclusion
UI — understory Init
OG - old grow

X - xeric
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Upland Ablation Tills

Brushmeadow: Black, white, and chestnut oak,
& pignut and mockernut hickory, red maple, carex,

Open grazing: Red oak, Black birch,
red maple

g,
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Swamp: Red maple . spicebush:

Soil types across a drumlin

Paxton-Montauk Plowed field: White ash, sugar maple,
red oak, shagbark hickory, musclewood

Ablation till
Basal till - compact

or grazing: White ash, tulip poplar, sugar maple,
basswood, red oak, shagbark hickory, yellow birch,
muslewood, witch hazel

Swamp: Red maple, hemlock , spicebush

Glacial-fluvial and Alluvial Soils

. Upland till deposits — glacial in-situ melting

Hinkley — 1st fast flowing glacial meltwaters - gravel deposits
White pine, Scarlet and black oak, sweet fern, bayberry
v

White m\ee.\ ash, pin oak, arrow-wood, meadowsweet:

Rippowam/Saco - alluvial sandy loam or silty loam deposifs
depending upon the flow and movement of the brook
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Regeneration Ecology

What we know about oak, hickory and other mid-tolerants

Masting — infrequent seed crops 3-5 years
Depend upon advance growth
« understory seedlings, small saplings
« adapted to intermediate light conditions (sunflecks)
* limited upward growth
« exhibit dieback, root system priority
* low survival
Strategy = persistence until canopy disturbance event “releases” them

Competitive ability depends on presence prior to disturbance to compete with
faster growing pioneers (e.g. black birch)

Masting events help maintain/renew understory population

Research promoting oak — Eastern Forests
Fire in Central Appalachians (Brose and Van Lear, 1998; Brose, 2008; 2010;
Lanham et al., 2002)
Herbicide in Southern Appalachian mixed hardwood (Loftis, 1983; 1990)
One-cut shelterwoods in Mississippi bottomlands (Oliver et al., 1990; 2005)

MICRO GRADIENTS
A SOIL GRADIENT ACROSS THE UPLAND
INCEPTISOLS OF SOUTHERN NEW ENGLAND

OUT WASH TILL DEEP TILL SWAMP DEEP TILL SHALLOW TILL
deep, excessivley ~ swale, silty inundated, silty loam, thin, stony
drained sands loam, silt, moderate  loam, ridge
flat shallow slope depressed  slope bedrock outcrops

white pine sugar maple, red maple  red oak, pignut hickory
yellow poplar, hemlock, black oak, white
white ash oak

Ashton et al. 2008
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Red Oak White Oak
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Hickory Seedling Age Class distribution

Age Distributions All Sampled Trees in Spatial Plots
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Age_Final

Lefland et al., Unpublished
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Hickory Root Collar Growth Rings

Lefland et al., Unpublished

Ridge
Survival of seedlings in the forest understory

AT T T T @ T T T T T T T T T T T
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Valley
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—&—SM
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Percent survival

T T T T T T T T T — T T T T T T T T 1

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Age Frey et al., 2007
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Growth of seedlings in the forest understory
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Environments Across Disturbances

Summertime Global Site Factor Average Difference from Site Mean Moisture at 10 cm

Adams Brook — Hinkley
Powerline — Hollis/Chatfield
Kozey Rd - Woodbridge

Competition varies by site

eight (m)

Aggregate h

Midslope
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Natures disturbance regime,— Hurricanes, Torn:

and Convectional windstorms

B. "INITIAL FLORISTICS"

major
disturbance

TIME (years)
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CUMULATIVE HEIGHT

Second growth forest history and origins: Gradual divergence —
Northern red oak — Black birch — Red maple
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VERTICAL AND HORIZONTAL SCALE

H
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Oliver (1978)

Second growth forest history and origins: Abrupt divergence —
Northern red oak — Hemlock

HEIGHT (m)

20r
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VERTICAL AND HORIZONTAL SCALES (m)

FiG. 3. Profile diagram of a 10 m x 30 m plot in the Great Mountain
Forest stand. Tree height, stem diameter, crown dimensions, and
position of major branches are drawn to scale, based directly upon
measurement. Shaded crowns are hemlock, Hardwood species codes:
RO, red oak; RM, red maple; BC, black cherry; BE, beech.

Kelty (1986)
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Distribution (%) after 25-years

Most codominant & intermediate
sapling oaks regressed or died

Individuals per Hectare

(m)

Height Class

)

Dominant Codominant Intermediate

Initial crown class at canopy closure
Upland oaks — without release

A) Diameter Distribution

o
3

Crown class
after 25-yrs

Dominant
= Codominant
= Intermediate
= Suppressed

Dead

0-5 5-10 10-15 15-20 20-25 25-30 30-35 35-40 40-45 45-50 50-55 55-60 60+

Diameter Class (cm)

B) Height Distributions

: Red Maple

# Black Birch

m Pignut Hickory
Shagbark Hickory

® Mockernut Hickory

A White & Chestnut Oak

#Red & Black Oak

# Other

80 100 120 140
Individuals per Hectare

160 180 200

Lefland et al., Unpublished

7/12/2018

36



2018 Silviculture Institute--Mixed Oak-Hickory 7/12/2018

C) Age Distributions

Individuals per Hectare

Age Class

Lefland et al., Unpublished
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