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Piedmont Forastsy
31 million acre$: 87% prive - -
52% upland hardwoods: oak-hickory, oak-plne oak- mlxed hard'wood SNE
Young forest: 55% < 40 yrs, hardwoods a bit older e
Mgmt level low on public lands: 5,000 ac thinning & 1,000 ac regen on NF
Prescribed fire:

fuels mgmt.

ecological benefits:
« biodiversity conservation
- wildlife habitat T&E, conservation, game spp
« restore fire dependent ecosystems — oak-pine forest, woodland, savanna
 increase forest resilience — favor fire/drought adapted spp; vary structure
» forest regeneration of desired spp




Sources of Oak Regeneration
v Seedlings

Slow juvenile shoot growth

Preferential allocation of
biomass to roots

Seedling Sprouts

Exponential increase
in sprouting capacity
with increasing
diameter — root size

Stump Sprouts

Faster growing oak repro
Not all stumps sprout
50-75% of dominate oak from sprouts



The Key to Sustaining Oak Stocking
is Adequate Large Advance Reproduction

Oak seedings have good growth
30 to 50% of full sunlight
Maximum growth occurs between

50 to 100% full sunlight

- White oak 1 n )

Intermediate Intolerant




The most common startlng S|tuat|on
Is a closed canopy mature "’forést

sy forests cut inthe 1900s grew up
_,,f;%* 4/ savannas & woodlands became forests
v with fire suppresslon ‘"75 -

Oak advance reproduction does not o :

accumulate and grow in the understory SRR | s-
due primarily to insufficient light (T T

Ground flora diversity decreases and ;f e
shifts to shade tolerant, forbs and pAN N
- woody species T, S

o, o :,
Habitat favors wildlife species associated o gy ¢ AT

with complex forest structure L e SRS
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Presentation Notes
In Missouri, tree density has more than doubled since the mid 1800s based on comparison of the GLO survey data and FIA inventories. (Hanberry 2012, 2014).


Light levels may range from <5% of full sunlight on mesic sites to 20% f.s. on xeric sites

Favors dominance in understory of shade tolerant species
Oaks are moderately to intolerant of shade

A cohort of northern red oak seedlings that germinate following a bumper acorn crop in the understory of a fully stocked hardwood forests plummets to near extinction in 10 years. 

Oak advance repro does not accumulate or grow in size in dense shade.
Thus, setting up the two most common situations faced by managers: 
	no oak advance reproduction, or
	small oak advance reproduction – that has low regeneration potential and is vulnerable to fire mortality


Oak Fire-Regen Ecology

A leaf covering helps maintain acorn moisture content
Leaf litter > 2” deep is a barrier to acorn germination
Equilibrium in leaf litter accumulation in 12-14 yrs

Leaf litter recovers to 75% of equilibrium in 4 yrs after fire

Fire before acorn drop

Fire after acorn drop
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Fire kills 70% of acorns in Pennsylvania
Auchmoody & Smith 1993
58% mortality in 1-yr-old northern red oak
Johnson 1974



Oak Fire-Regen Ecology

T AMMtod5°F@0.5 ¢
S Brose et al. 2014
N e e s
. . The Fire—-Oak Literat_ure of

1. Oaks are masting species E;ﬁiﬁ:"s?;°;ﬁ'é’é'ﬂﬂé??;es
2. Acorns are buried in soil by animals

 Seed moisture

* Soil poor conductor of heat
Location of root collar buds

for 1 r?gmute 3. Oaks preferentially store carbohydrates
. STl in roots

. P‘-
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Oaks are masting species, produce an overabundance of acorns periodically.
This satiates acorn consumers and in mast years is when large cohorts of seedlings are established
Acorns buried in the soil by squirrels and birds are more likely to be forgotten or not needed in mast years.

Acorns are highly desired by many species, insects, mold, animals, etc
Those animals that bury seed in soil give acorns added protection from fire.

Also, they help the acorns maintain good seed moisture content (white oak >40% and red oak >25%)

White oaks germinate immediately after seed fall and red oaks do it in the spring.

There is no seed longevity in the forest floor for acorns.

Soil is a poor heat conductor and frozen or wet soil give added protection to buried acorns.

Leaf litter helps conserve acorn moisture content but depths >2” can become a physical barrier to root penetration into soil

Fire kills 70% of acorns Auchmoody and Smith 1993 and Greenberg 


Oak seedlings & saplings
have increasing
capacity to sprout
after fire topkill

Low intensity fires can reliably topkill
trees up to 4” dbh

Oaks are favored by frequent burning

Dey and Hartman 2005
Brose et al. 2013, 2014
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Bark protects trees from heat

—
o
e’
-
0

Pausas 2015
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Peak cambium temperature ("C)
Time to kill the cambium (min)
Martality

Brose & Van Lear 1999
Hanberry et al. 2014

oak-hickory forests
Hutchinson et al. 2005, Fan and Dey 2014, Knapp et al. 2015
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Bark is a poor heat conductor

Bark thickness increases with age, increases with increasing tree diameter, varies by species, 

Great increases in fire resistance (protection of the cambium) with small increases in bark thickness (diameter)

Hardwood trees <4” dbh vulnerable to topkill by low intensity fire, almost regardless of species.

Oaks have thicker bark for give tree dbh in large trees (>20” dbh) than many other species

Pines > white oaks > red oaks > other common oak associates


Compartmentalization

a boundary setting process
a response to wounding

Oaks are better than many species

FPL 1967

Resistant or very
resistant

Moderately
resistant

Slightly or
nonresistant

Bur oak Swamp chestnut Hickories
oak

Chestnut oak Baldcypress Maples
(young growth)

Post oak Honey locust Red & black oak
White oak Longleaf pine Other pines
Osage-orange Slash pine Yellow-poplar
Black locust Sweetgum

Sassafras Cottonwood

m.zusso 3



Scenario #1: Mature forest no oak advance repro

It may take 10 to 30 yrs to get a good acorn crop
and develop large oak advance repro :

Site preparation burning to :

reduce leaf litter, reduce competing advance

“E | i -;:1, i __:?;- s A ,_.,:f g _ ;:5'
repro & midstory, destroy seed in forest floor, . - A | e O
and xerify the seedbed to inhibit mesic iz “""‘" o e B
species germination L R

g —ggﬁﬂ“ﬁ" o 3

Probably talking about multiple fires to reduce fuel loading, leaf litter,
control invasive/undesired woody germination & establishment

That is enough time for

advanced decay to develop,

but larger trees are more resistant
to scarring in low intensity burns
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Low intensity fires are adequate for litter reduction, midstory and understory density management
You don’t want to open the stand up too much at this point until you have oak seedlings established

Once initial fire loading is reduced, more frequent burning 1-3 years keeps light fuel loading down and lessens the potential of fire to injure or kill trees

Then fire is not the best tool to open the stand up further because young oaks are high risk to mortality
Mechanical harvesting or thinning is a better approach to increase light in the understory.


®  Low intensity Rx fire \ Ry e 73 o;tzlilc t:(a_sal area
28 STOCKIN

Stand structure & understory '} F Uedsly o0 S 09

composition H B

Fire frequency:

Annual to biennial to reduce density of
sensitive species, woody veg, invasives

Periodic for woody-oak retention

Low intensity fires good for
removing hardwood stems
<4-6 inches dbh

Midstory removal
can increase understory light
to 10 to 15 % full sunlight

Low intensity fires have little effect
on overstory mortality
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These were fire driven systems so just start burning again and all will be well, right?

Fire is one way to affect vegetation structure

Low intensity fires are capable of removing the midstory stems <4-6 inches dbh

Can also use herbicides applied in a hack n spray application, or mechanical removal with small dozers

But to increase light more than 15% of fs need to open up the main canopy with a timber harvest, commercial thinning, or high intensity fire


Height recovery of understory is slow under mature hardwood canopy cover – 79 ft2/ac basal area; 69% stocking

Alternatives include herbicide and mechanical thinning


=
Scenario #2: Mature forest with abundant

small oak advance repro

5 4 /
» 2

Shelterwood harvest removing 50%
basal area or to B-level stocking

Release burning with low intensity
dormant season burn in £3 years

Remove shelterwood, post harvest burn in < 3 years

If oak seedlings = 0.75” basal diameter consider
moderate to higher intensity fire in late spring — early leaf out

Risks advance decay in any overstory trees that will be
retained for the long-term, especially with higher intensity burns
in logging slash

Keep slash at least 3" away from residual overstory trees
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Release burning is done after stand density has been reduced to increase light to oak

Trying not to burn until oak are big enough to have higher prob of sprouting >.75”

Purpose of burning is to reduce the density of competitors more than oaks

Good for topkilling or killing woody stems <4” diameter

May take repeated burning

Allow oak to get as large as they can before burning, but burn before the oak are suppressed

Can increase topkill and mortality in larger stems of competitors if the oak are large enough to take it

Oak sprouting potential and vigor increase exponentially with increasing basal diameter, a correlate of root size

No loss of volume or value unless you have long term retention of a partial overstory of the better trees and you hope to recover timber products some day

Removing slash from around retention overstory trees >3 feet radius decreased probability of tree injury from fire.


Scenario #3: After final shelterwood
removal, or clearcutting

Before crown closure and stem
exclusion stage of stand development

If competing stems are <4 to 5" dbh,
especially with low intensity fires

Release burning with low to high
Intensity fires every 3-5 years as
needed to develop competitive oaks

If oak reproduction is large enough
(e.g., 0.75" basal diameter) go with
higher intensity burns in early leaf
out to summer season
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The regeneration period before crown closure
No problem with long term fire damage in volume or value loss except on trees retained for long term – wildlife, aesthetics, mast production

Eventually need to stop burning to allow for recruitment into the overstory





Scenario #4: Crown closure, stem
exclusion stage

Release burning inhibits continued
recruitment into the overstory and is a
clumsy, indiscriminant way to control
stand density and composition

Risk of bole wounding and
advanced decay in sapling &
polewood crop trees is high

Mechanical/chemical release
IS a better alternative




Scenario #5: Uneven-aged management

Not appropriate for oaks on mesic & hydric sites

Regeneration and overstory recruitment
occur simultaneously

Fire would set back to seedling stage
stems meant for overstory recruitment

Midstory stems are dominated by shade
tolerant, fire sensitive species

Risk of bole wounding and
advanced decay in sapling, polewood
and small sawtimber trees is high

Hard to burn small group openings
in @ matrix of uncut or single-tree harvest



Scenario #6: Savanna & woodland management

To reduce density in a mature forest
requires moderate to high intensity fires
that would cause large bole wounds to
residual trees; an indiscriminant tool

The longevity of wounded and decayed
trees is reduced due to windthrow and
stem breakage

It would be better to harvest the overstory
to desired stand stocking & use low
intensity fires to achieve other ecologlcal
objectives and control small hardwood
sprouts

Rx fire use is driven by managing stand
structure, ground flora, invasives

Role varies through restoration &
maintenance, & recruitment phases




. Managing light is important for promoting desired ground
flora

PAR and canopy closure as a function of stocking

canopy closure

-’
c
(V]
o
|
]

o

photosynthetically
active radiation

60
Stocking(%)

Open to Closed Woodlands have between 25 to 50% of full sunlight
This is sufficient to maintain vigorous oak advance reproduction
Grass dominance occurs < 50% tree crown cover
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We manage light in the understory by regulating vegetation structure, density and canopy layers

Shelterwood overstories can mimic savanna and woodland tree densities


Stocking in Savannas & Woodlands

Quadratic Mean Diameter

(2]
o

60% B-line

=
3
g
£
o
2
o
®
< 80
0
o
©
o
©
®
2]
©
[a]

Percent Stocking

N
o

N
o

Hanberry et al. 2014

Savanna < 30% stocking
Open Oak Woodland < 55% stocking
Closed Oak Woodland <75% stocking



Large Diameter Diagram
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78.5596904684

65.4664087237

52.373126979

39.2798452342

26.1865634895

20.4390284682

21.4424120558

22.3126709505

23.0742753352

24.3432163303

25.3575146769

26.1865634895

26.876745278

27.4601937547

27.9598578792

74.7730736831

61.8421657603

146.0070838879

132.7337126254

119.4603413628

106.1869701003

92.9135988378

79.6402275752

66.3668563127

53.0934850502

39.8201137876

26.5467425251

75.5893560967

62.7987808592

147.822099029

134.38372639

120.945353751

107.506981112

94.068608473

80.630235834

67.191863195

53.753490556

40.315117917

26.876745278

76.3270938879

63.6287604959

149.4911248524

135.9010225931

122.3109203338

108.7208180745

95.1307158152

81.5406135559

67.9505112966

54.3604090372

40.7703067779

27.1802045186

76.9970898502

64.3530685698

151.0310656509

137.3009687735

123.5708718962

109.8407750188

96.1106781415

82.3805812641

68.6504843868

54.9203875094

41.1902906321

27.4601937547

77.6082549643

64.9886029095

152.4563180685

138.5966527895

124.7369875106

110.8773222316

97.0176569527

83.1579916737

69.2983263948

55.4386611158

41.5789958369

27.7193305579

78.1680046422

66.55875

153.7792183355

139.7992893959

125.8193604563

111.8394315167

97.8595025771

83.8795736375

69.8996446979

55.9197157584

41.9397868188

27.9598578792

78.6825595081



Small Diameter Diagram

		3034.0425085905		2758.220462355		2482.3984161195		2206.576369884		1930.7543236485		1654.932277413		1379.1102311775		1103.288184942		827.4661387065		551.644092471		3034.0425085905		1602.8723472463		1024.7969178581		721.8327096261		539.7940597332		420.6292491202		1		1314.3454231206		531

		1602.8723472463		1457.1566793148		1311.4410113833		1165.7253434518		1020.0096755204		874.2940075889		728.5783396574		582.8626717259		437.1470037944		291.431335863		2758.220462355		1457.1566793148		931.6335616891		656.2115542056		490.7218724847		382.3902264729				793.4618741569		381

		1024.7969178581		931.6335616891		838.4702055202		745.3068493513		652.1434931824		558.9801370135		465.8167808446		372.6534246757		279.4900685067		186.3267123378		2482.3984161195		1311.4410113833		838.4702055202		590.590398785		441.6496852363		344.1512038256				531.9813912909		287

		721.8327096261		656.2115542056		590.590398785		524.9692433645		459.3480879439		393.7269325233		328.1057771028		262.4846216822		196.8634662617		131.2423108411		2206.576369884		1165.7253434518		745.3068493513		524.9692433645		392.5774979878		305.9121811783				381.7915952398		224

		539.7940597332		490.7218724847		441.6496852363		392.5774979878		343.5053107393		294.4331234908		245.3609362424		196.2887489939		147.2165617454		98.1443744969		1930.7543236485		1020.0096755204		652.1434931824		459.3480879439		343.5053107393		267.673158531				287.4641208844		179

		420.6292491202		382.3902264729		344.1512038256		305.9121811783		267.673158531		229.4341358837		191.1951132365		152.9560905892		114.7170679419		76.4780452946		1654.932277413		874.2940075889		558.9801370135		393.7269325233		294.4331234908		229.4341358837				224.3077861719		147

																						1379.1102311775		728.5783396574		465.8167808446		328.1057771028		245.3609362424		191.1951132365

																						1103.288184942		582.8626717259		372.6534246757		262.4846216822		196.2887489939		152.9560905892

																						827.4661387065		437.1470037944		279.4900685067		196.8634662617		147.2165617454		114.7170679419

																						551.644092471		291.431335863		186.3267123378		131.2423108411		98.1443744969		76.4780452946



A-Line

B-Line

2

3

4

5

6

7

Quadratic Mean Diameter

Percent Stocking

110%

100%

90%

80%

70%

60%

50%

40%

30%

20%

C-Line

110

100

90

80

70

60

50

40

30

20

2

3

4

5

6

7

b-line

c-line

Trees per acre

Basal area per acre (sq. ft./acre)

66.1925392755

60.175035705

54.1575321345

48.140028564

42.1225249935

36.105021423

30.0875178525

24.070014282

18.0525107115

12.035007141

66.1925392755

78.6808123555

89.4304019046

98.4246674341

105.9883157818

112.4146565749

28.6745689275

12.5

78.6808123555

71.5280112323

64.375210109

57.2224089858

50.0696078626

42.9168067394

35.7640056161

28.6112044929

21.4584033697

14.3056022465

60.175035705

71.5280112323

81.3003653678

89.4769703947

96.3530143471

102.1951423408

38.948968668

22

89.4304019046

81.3003653678

73.170328831

65.0402922942

56.9102557575

48.7802192207

40.6501826839

32.5201461471

24.3901096103

16.2600730736

54.1575321345

64.375210109

73.170328831

80.5292733552

86.7177129124

91.9756281067

46.4241341868

28

98.4246674341

89.4769703947

80.5292733552

71.5815763157

62.6338792763

53.6861822368

44.7384851973

35.7907881579

26.8430911184

17.8953940789

48.140028564

57.2224089858

65.0402922942

71.5815763157

77.0824114777

81.7561138726

52.0587530733

33

105.9883157818

96.3530143471

86.7177129124

77.0824114777

67.447110043

57.8118086083

48.1765071736

38.5412057388

28.9059043041

19.2706028694

42.1225249935

50.0696078626

56.9102557575

62.6338792763

67.447110043

71.5365996386

56.4434481463

37.5

112.4146565749

102.1951423408

91.9756281067

81.7561138726

71.5365996386

61.3170854045

51.0975711704

40.8780569363

30.6585427022

20.4390284682

36.105021423

42.9168067394

48.7802192207

53.6861822368

57.8118086083

61.3170854045

59.9470502879

42

30.0875178525

35.7640056161

40.6501826839

44.7384851973

48.1765071736

51.0975711704

24.070014282

28.6112044929

32.5201461471

35.7907881579

38.5412057388

40.8780569363

18.0525107115

21.4584033697

24.3901096103

26.8430911184

28.9059043041

30.6585427022

12.035007141

14.3056022465

16.2600730736

17.8953940789

19.2706028694

20.4390284682



Stand Data

		User input data

		year		TPA		Basal area

		1994		140		75.3

		1999		140		79.5

		2004		130		86.7

		2009		120		90.8

		2014		110		95

		2019		100		99

		2024		95		102

		2029		90		106





Formulas

				b0		b1		b2

		Aline		-0.0507		0.1698		0.0317

		Bline		0.175		0.205		0.06

		Amd		-0.259		0.973

																Stocking lines

						110				100				90				80				70				60				50				40				30				20

		QMD		AMD		TPA		BA		TPA		BA		TPA		BA		TPA		BA		TPA		BA		TPA		BA		TPA		BA		TPA		BA		TPA		BA		TPA		BA

		2		1.687		3034.0425085905		66.1925392755		2758.220462355		60.175035705		2482.3984161195		54.1575321345		2206.576369884		48.140028564		1930.7543236485		42.1225249935		1654.932277413		36.105021423		1379.1102311775		30.0875178525		1103.288184942		24.070014282		827.4661387065		18.0525107115		551.644092471		12.035007141

		3		2.66		1602.8723472463		78.6808123555		1457.1566793148		71.5280112323		1311.4410113833		64.375210109		1165.7253434518		57.2224089858		1020.0096755204		50.0696078626		874.2940075889		42.9168067394		728.5783396574		35.7640056161		582.8626717259		28.6112044929		437.1470037944		21.4584033697		291.431335863		14.3056022465

		4		3.633		1024.7969178581		89.4304019046		931.6335616891		81.3003653678		838.4702055202		73.170328831		745.3068493513		65.0402922942		652.1434931824		56.9102557575		558.9801370135		48.7802192207		465.8167808446		40.6501826839		372.6534246757		32.5201461471		279.4900685067		24.3901096103		186.3267123378		16.2600730736

		5		4.606		721.8327096261		98.4246674341		656.2115542056		89.4769703947		590.590398785		80.5292733552		524.9692433645		71.5815763157		459.3480879439		62.6338792763		393.7269325233		53.6861822368		328.1057771028		44.7384851973		262.4846216822		35.7907881579		196.8634662617		26.8430911184		131.2423108411		17.8953940789

		6		5.579		539.7940597332		105.9883157818		490.7218724847		96.3530143471		441.6496852363		86.7177129124		392.5774979878		77.0824114777		343.5053107393		67.447110043		294.4331234908		57.8118086083		245.3609362424		48.1765071736		196.2887489939		38.5412057388		147.2165617454		28.9059043041		98.1443744969		19.2706028694

		7		6.552		420.6292491202		112.4146565749		382.3902264729		102.1951423408		344.1512038256		91.9756281067		305.9121811783		81.7561138726		267.673158531		71.5365996386		229.4341358837		61.3170854045		191.1951132365		51.0975711704		152.9560905892		40.8780569363		114.7170679419		30.6585427022		76.4780452946		20.4390284682

		8		7.525		337.8539211787		117.9332663068		307.1399283443		107.2120602789		276.4259355098		96.490854251		245.7119426754		85.7696482231		214.997949841		75.0484421953		184.2839570066		64.3272361674		153.5699641721		53.6060301395		122.8559713377		42.8848241116		92.1419785033		32.1636180837		61.4279856689		21.4424120558

		9		8.498		277.7805555833		122.7196902278		252.527777803		111.5633547525		227.2750000227		100.4070192773		202.0222222424		89.250683802		176.7694444621		78.0943483268		151.5166666818		66.9380128515		126.2638889015		55.7816773763		101.0111111212		44.625341901		75.7583333409		33.4690064258		50.5055555606		22.3126709505

		10		9.471		232.6823121971		126.9085143435		211.5293747247		115.3713766759		190.3764372522		103.8342390084		169.2234997797		92.2971013408		148.0705623073		80.7599636732		126.9176248348		69.2228260056		105.7646873623		57.685688338		84.6117498899		46.1485506704		63.4588124174		34.6114130028		42.3058749449		23.0742753352

		11		10.444		197.8989891895		130.6039570859		179.9081719905		118.7308700781		161.9173547914		106.8577830703		143.9265375924		94.9846960625		125.9357203933		83.1116090547		107.9449031943		71.2385220468		89.9540859952		59.365435039		71.9632687962		47.4923480312		53.9724515971		35.6192610234		35.9816343981		23.7461740156

		12		11.417		170.4711012275		133.8876898164		154.9737283886		121.7160816513		139.4763555498		109.5444734862		123.9789827109		97.372865321		108.4816098721		85.2012571559		92.9842370332		73.0296489908		77.4868641943		60.8580408256		61.9894913555		48.6864326605		46.4921185166		36.5148244954		30.9947456777		24.3432163303

		13		12.39		148.4395895402		136.8244902018		134.9450814002		124.3859001835		121.4505732602		111.9473101651		107.9560651202		99.5087201468		94.4615569802		87.0701301284		80.9670488401		74.6315401101		67.4725407001		62.1929500917		53.9780325601		49.7543600734		40.4835244201		37.315770055		26.98901628		24.8771800367

		14		13.363		130.4625654629		139.4663307229		118.602332239		126.7875733845		106.7420990151		114.108816046		94.8818657912		101.4300587076		83.0216325673		88.7513013691		71.1613993434		76.0725440307		59.3011661195		63.3937866922		47.4409328956		50.7150293538		35.5806996717		38.0362720153		23.7204664478		25.3575146769

		15		14.336		115.5941463461		141.8553597495		105.0855875873		128.9594179541		94.5770288286		116.0634761587		84.0684700699		103.1675343633		73.5599113111		90.2715925679		63.0513525524		77.3756507725		52.5427937937		64.4797089771		42.0342350349		51.5837671816		31.5256762762		38.6878253862		21.0171175175		25.7918835908

		16		15.309		103.151095293		144.0260991921		93.7737229937		130.9328174474		84.3963506943		117.8395357027		75.0189783949		104.7462539579		65.6416060956		91.6529722132		56.2642337962		78.5596904684		46.8868614968		65.4664087237		37.5094891975		52.373126979		28.1321168981		39.2798452342		18.7547445987		26.1865634895

		17		16.282		92.6293667631		146.0070838879		84.2085152392		132.7337126254		75.7876637152		119.4603413628		67.3668121913		106.1869701003		58.9459606674		92.9135988378		50.5251091435		79.6402275752		42.1042576196		66.3668563127		33.6834060957		53.0934850502		25.2625545717		39.8201137876		16.8417030478		26.5467425251

		18		17.255		83.6501964753		147.822099029		76.0456331594		134.38372639		68.4410698434		120.945353751		60.8365065275		107.506981112		53.2319432116		94.068608473		45.6273798956		80.630235834		38.0228165797		67.191863195		30.4182532637		53.753490556		22.8136899478		40.315117917		15.2091266319		26.876745278

		19		18.228		75.9243038556		149.4911248524		69.0220944142		135.9010225931		62.1198849727		122.3109203338		55.2176755313		108.7208180745		48.3154660899		95.1307158152		41.4132566485		81.5406135559		34.5110472071		67.9505112966		27.6088377657		54.3604090372		20.7066283242		40.7703067779		13.8044188828		27.1802045186

		20		19.201		69.2275410973		151.0310656509		62.9341282703		137.3009687735		56.6407154432		123.5708718962		50.3473026162		109.8407750188		44.0538897892		96.1106781415		37.7604769622		82.3805812641		31.4670641351		68.6504843868		25.1736513081		54.9203875094		18.8802384811		41.1902906321		12.5868256541		27.4601937547

		21		20.174		63.3839715949		152.4563180685		57.621792359		138.5966527895		51.8596131231		124.7369875106		46.0974338872		110.8773222316		40.3352546513		97.0176569527		34.5730754154		83.1579916737		28.8108961795		69.2983263948		23.0487169436		55.4386611158		17.2865377077		41.5789958369		11.5243584718		27.7193305579

		22		21.147		58.2538855368		153.7792183355		52.9580777607		139.7992893959		47.6622699847		125.8193604563		42.3664622086		111.8394315167		37.0706544325		97.8595025771		31.7748466564		83.8795736375		26.4790388804		69.8996446979		21.1832311043		55.9197157584		15.8874233282		41.9397868188		10.5916155521		27.9598578792

																		Diameter lines

						2				3				4				5				6				7				8				9				10				12				14				16				18				20				22

				Stocking		TPA		BA		TPA		BA		TPA		BA		TPA		BA		TPA		BA		TPA		BA		TPA		BA		TPA		BA		TPA		BA		TPA		BA		TPA		BA		TPA		BA		TPA		BA		TPA		BA		TPA		BA

				110		3034.0425085905		66.1925392755		1602.8723472463		78.6808123555		1024.7969178581		89.4304019046		721.8327096261		98.4246674341		539.7940597332		105.9883157818		420.6292491202		112.4146565749		337.8539211787		117.9332663068		277.7805555833		122.7196902278		232.6823121971		126.9085143435		170.4711012275		133.8876898164		130.4625654629		139.4663307229		103.151095293		144.0260991921		83.6501964753		147.822099029		69.2275410973		151.0310656509		58.2538855368		153.7792183355

				100		2758.220462355		60.175035705		1457.1566793148		71.5280112323		931.6335616891		81.3003653678		656.2115542056		89.4769703947		490.7218724847		96.3530143471		382.3902264729		102.1951423408		307.1399283443		107.2120602789		252.527777803		111.5633547525		211.5293747247		115.3713766759		154.9737283886		121.7160816513		118.602332239		126.7875733845		93.7737229937		130.9328174474		76.0456331594		134.38372639		62.9341282703		137.3009687735		52.9580777607		139.7992893959

				90		2482.3984161195		54.1575321345		1311.4410113833		64.375210109		838.4702055202		73.170328831		590.590398785		80.5292733552		441.6496852363		86.7177129124		344.1512038256		91.9756281067		276.4259355098		96.490854251		227.2750000227		100.4070192773		190.3764372522		103.8342390084		139.4763555498		109.5444734862		106.7420990151		114.108816046		84.3963506943		117.8395357027		68.4410698434		120.945353751		56.6407154432		123.5708718962		47.6622699847		125.8193604563

				80		2206.576369884		48.140028564		1165.7253434518		57.2224089858		745.3068493513		65.0402922942		524.9692433645		71.5815763157		392.5774979878		77.0824114777		305.9121811783		81.7561138726		245.7119426754		85.7696482231		202.0222222424		89.250683802		169.2234997797		92.2971013408		123.9789827109		97.372865321		94.8818657912		101.4300587076		75.0189783949		104.7462539579		60.8365065275		107.506981112		50.3473026162		109.8407750188		42.3664622086		111.8394315167

				70		1930.7543236485		42.1225249935		1020.0096755204		50.0696078626		652.1434931824		56.9102557575		459.3480879439		62.6338792763		343.5053107393		67.447110043		267.673158531		71.5365996386		214.997949841		75.0484421953		176.7694444621		78.0943483268		148.0705623073		80.7599636732		108.4816098721		85.2012571559		83.0216325673		88.7513013691		65.6416060956		91.6529722132		53.2319432116		94.068608473		44.0538897892		96.1106781415		37.0706544325		97.8595025771

				60		1654.932277413		36.105021423		874.2940075889		42.9168067394		558.9801370135		48.7802192207		393.7269325233		53.6861822368		294.4331234908		57.8118086083		229.4341358837		61.3170854045		184.2839570066		64.3272361674		151.5166666818		66.9380128515		126.9176248348		69.2228260056		92.9842370332		73.0296489908		71.1613993434		76.0725440307		56.2642337962		78.5596904684		45.6273798956		80.630235834		37.7604769622		82.3805812641		31.7748466564		83.8795736375

				50		1379.1102311775		30.0875178525		728.5783396574		35.7640056161		465.8167808446		40.6501826839		328.1057771028		44.7384851973		245.3609362424		48.1765071736		191.1951132365		51.0975711704		153.5699641721		53.6060301395		126.2638889015		55.7816773763		105.7646873623		57.685688338		77.4868641943		60.8580408256		59.3011661195		63.3937866922		46.8868614968		65.4664087237		38.0228165797		67.191863195		31.4670641351		68.6504843868		26.4790388804		69.8996446979

				40		1103.288184942		24.070014282		582.8626717259		28.6112044929		372.6534246757		32.5201461471		262.4846216822		35.7907881579		196.2887489939		38.5412057388		152.9560905892		40.8780569363		122.8559713377		42.8848241116		101.0111111212		44.625341901		84.6117498899		46.1485506704		61.9894913555		48.6864326605		47.4409328956		50.7150293538		37.5094891975		52.373126979		30.4182532637		53.753490556		25.1736513081		54.9203875094		21.1832311043		55.9197157584

				30		827.4661387065		18.0525107115		437.1470037944		21.4584033697		279.4900685067		24.3901096103		196.8634662617		26.8430911184		147.2165617454		28.9059043041		114.7170679419		30.6585427022		92.1419785033		32.1636180837		75.7583333409		33.4690064258		63.4588124174		34.6114130028		46.4921185166		36.5148244954		35.5806996717		38.0362720153		28.1321168981		39.2798452342		22.8136899478		40.315117917		18.8802384811		41.1902906321		15.8874233282		41.9397868188

				20		551.644092471		12.035007141		291.431335863		14.3056022465		186.3267123378		16.2600730736		131.2423108411		17.8953940789		98.1443744969		19.2706028694		76.4780452946		20.4390284682		61.4279856689		21.4424120558		50.5055555606		22.3126709505		42.3058749449		23.0742753352		30.9947456777		24.3432163303		23.7204664478		25.3575146769		18.7547445987		26.1865634895		15.2091266319		26.876745278		12.5868256541		27.4601937547		10.5916155521		27.9598578792
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		8		7.525		179.9329749668		62.8084569216		160		42.6624		3		2.66		793.4618741569		38.948968668		381		22

		9		8.498		147.5559569078		65.188224874		147.5559569078		44.4777467991		4		3.633		531.9813912909		46.4241341868		287		28

		10		9.471		123.2049804381		67.1978926094		123.2049804381		48.2576690519		5		4.606		381.7915952398		52.0587530733		224		33

		11		10.444		104.4275179041		68.917214397		104.4275179041		51.3781330394		6		5.579		287.4641208844		56.4434481463		179		37.5

		12		11.417		89.6420012218		70.4046631229		89.6420012218		53.9612565756		7		6.552		224.3077861719		59.9470502879		147		42

		13		12.39		77.7910454728		71.7040526186		77.7910454728		56.1118732901

		14		13.363		68.1458170564		72.8488438446		68.1458170564		57.9148754845

		15		14.336		60.1906357816		73.8650231197		60.1906357816		59.4375173944

		16		15.309		53.5522692908		74.7730736831		53.5522692908		60.7327244476

		17		16.282		47.9551676728		75.5893560967		47.9551676728		61.8421657603

		18		17.255		43.1922996768		76.3270938879		43.1922996768		62.7987808592

		19		18.228		39.1056689924		76.9970898502		39.1056689924		63.6287604959

		20		19.201		35.5730037186		77.6082549643		35.5730037186		64.3530685698

		21		20.174		32.4984798836		78.1680046422		32.4984798836		64.9886029095

		22		21.147		29.8061393792		78.6825595081		25		66.55875

		Percent		100
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Determining Crown Cover
in stands of open-grown trees

400 500
TREES PER ACRE

Trees that have developed most of their lives
below B-level stocking

Law et al. 1994


Presenter
Presentation Notes
For grass dominated understories need to keep overstory crown cover below 50%




Managing Ground Flora

‘@ Overstory Density

* needs to be in range of that required by desired or indicator species
can be used to suppress growth of shade intolerant species
< 50% crown cover to promote dominance by grasses

7 Fire

Frequency & season has differential effects on plant functional groups

Annual

Biennial

Less Frequent

Spring, dormant vV C,
Summer

Grazing

Can be used to shift competitive relations among species, e.g.,

early summer grazing by bison decreases C, grass dominance and
increases total species richness




Dealing with Invasive Species

Restoration or regeneration creates environments that
promote many invasive spp

Survey and control source populations before initiating
canopy disturbance

Monitor
Invest in aggressive control — don't let it get a foothold

Control methods vary considerably depending on:
species
modes of reproduction —
seed (current or seedbank)/vegetative
repro structures above or belowground

Success may be eradication, or sustained control

" Establish vigorous native ground cover
Sericea Lespedeza

A combination of consecutive treatments — fire, herb,
mechanical



Oak overstory recruitment:

Requires a fire-free period

Approaches vary by mgmt. scale
Vigorous oak saplings —

« grow 1.6 in in dbh in 10 years
 site index 65 ft in Missouri

Oak stump sprouts grow initially faster
* in the open

Stump Sprout DBH 10 years after Harvest

Dbh age 10 (inches)

Clearcut Group Single-tree

B White oak B Scarlet oak O Black oak
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Black oak
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				Clearcut		Group		Single-tree

		White oak		2.2		1.5		0.4

		Scarlet oak		3.1		1.4		0.7

		Black oak		2.3		1.3		0.4
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Recruitment to Dominance
nheeds to be managed

Hilt 1985

Morrissey et al. 2008
Zenner et al. 2012

Ward and Stephens 1994
Ward 2009

Only dominant oaks remained at end of stem exclusion
Those were largely stump sprouts

Oaks were more competitive on xeric & lower quality sites
Recommend oak release thinning at crown closure

Only oaks that are dominant at end of crown closure are
likely to remain dominant/codominant at maturity



Role of Fire in Managing Oak

Depends on stage in life cycle of oak
Management Objectives —
forest, woodland, or savanna
Usually combined with mechanical or chemical treatments
Oak-pine mgmt. requires sequence of treatments over time =
long-term planning & committment

Flowering and
Pollination

Increase in /i, : r I 4% Decrease in
canopy gaps \_, W8 f Tl g . stem density

B i R T T 7, Preparation
Release | . i N [ R

Increase in
canopy gaps )
Increase in 5

. canopy gaps; &
Seedling Decreased  Acorn Germmatfon

Development " & Seedling
Establishment

Arthur et al. 2012
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Individual Trees - Marschall et al. 2014

Avg value loss 9.4%
Avg volume loss 2.4%

*Missouri Ozark
*Scarlet, black, northern red oaks

*90 butt logs
*Burned 3-4 times in <15 yrs

Scar / tree size determines value loss
y= 13.49*(scar height x scar depth / dbh) + 0.5069

R2= 7054
P <.001 .
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Marschall et al. 2014 Percent value loss



Initially, defect is outside
scaling cylinder

. [ [ 1
.. I .
H g

Harvest within 5 yrs little loss

. Mature trees with scars < 20° little loss
| Pole-sized trees most vulnerable

Value loss due largely to lumber
grade reduction resulting from a
loss of clear cuttings

i
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Individual tree radial growth — Stambaugh
et al. 2017

Tree growth foIow'mg fire scarring (Stambaugh, Snirlu ] ° H istory of freq uent fi re in u pland
Crossssion of e _ A oak forest in central Missouri
S : since 1850s

oak showing how ™

* woundwood area + - -
was digitized for
6 years prior to
injury (green
rings) and all
years following
injury until
wound wood
closure (yellow
rings). Red part of
ring corresponds
with the fire sear
year and scar arc
length. Ring
colors correspond
with colored areas
in graph below.

« Diameter growth in white oaks
was measured by digitizing tree
rings

 Low % trees scarred

«  White oak radial tree growth not
affected by repeated fires

y = 0.748 + 0.0756"x -
r =0.54, n = 56 P Fire scar closure time is related

to scar size

* Most wounds closed in 10 yrs

Years to wound wood ribs meet

150
Scar arc length (mm)



Presenter
Presentation Notes
This study compared tree growth before and after sustaining a fire injury, and related tree size/age to wound closure rates


_Historical Basis for Fire

Wounds in Whlte Oak
< *15” in scar arcmould

' close in' 5 years ey

1650-1850
Mean Fire Interval Estimate

\
LS

[>

o

Mean Fire Interval [l 4.01 -6 [ 12.1-14 [ 20.1 - 22 [ 28.1 -30 [ ] 45.1-50 [ 126 - 150
years BN 6.01-3 [ 14.1-16 N 22.1 - 24 | 30.1 -35 [ ]50.1 -75 | 151 - 175
I < 2.01 I 8.01 - 10 NN 16.1 - 18 [ 24.1 - 26 [ 35.1 - 40 [0 75.1 - 100 [ 176 - 200
I 2.01-4 B 10.1 - 12 | 18.1 - 20 [ 26.1 - 28 [0 40.1 - 45 [ 101 - 125 [ 201 - 6,360

Guyette et al. 2012



Stand level impacts — Knapp et al. 2015,
2017; Stanis et al. 2019; Mann et al. 2020

- Stumpage values applied to

standing volume data

- Value loss to fire-scarred residuals
estimated using Marschall (2014) equation

60+ years prescribed fire - annual,
periodic (4 years) & control

Missouri Ozarks, upland oak site

Long-term, frequent burning affects
stand-level values primarily through
changes in species composition
(shift to post oak from red oak)

29 to 34% reduction in stand
stumpage value from annual or
periodic burning, respectively

Periodic burning scarred 55% of
overstory trees, compared to 6% in
annually burned

Stand value loss due directly to fire
damage was 0.5% in annual and 2%
in periodic burns



Stand level loss in volume - Stanis et al. 2019

24 years prescribed fire A AllSpecies =RV
« 1-4+rxburns

e Hoosier National Forest
(s. Indiana) — 54 oak
stands

e 49% of trees wounded
after 3+ fires

E) White Oak — RV,

 Avg wound height 27”

Percent relative volume loss

3% trees had decline in
tree grade

 5-10% decrease in
standing sawtimber

Number of Fires
volume



Stand level loss in volume - Mann et al. 2020

All species

« 139 oak stands on 4 National Forests
» (Daniel Boone, Wayne, Hoosier, Mark Twain)

« 25 years of prescribed fire and up to 6 fires

* 31% of trees with wounds

« 7% of trees had decrease in tree grade

* < 3% volume & value loss on more mesic forests
* >10% volume & value loss on Mark Twain

« White oak had lowest volume and value loss at

2% and 4.5% vs red oak at 13% vs sugar maple at o 1 2 3 a+

o/ . o .
10%; yellow-poplar was similar to white oak Number of Prescribed Fires
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