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Selection harvesting mimics the natural gap 
regeneration process

Presenter
Presentation Notes
Harvesting is an important agent of disturbance in these forests.



Not all stands successfully regenerate

Presenter
Presentation Notes
This is in OUR study area. Assumptions of natural regeneration following harvest gaps map not be valid due to multiple factors.



What gap, stand and landscape-scale factors 
help explain variation and spatial patterns in 

northern hardwood regeneration?

Western Upper Peninsula
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Presenter
Presentation Notes
Deer have been implicated in our study area and other part of NE USA. Snow depth in OUR study area.



Hypothesized factors affecting northern          
hardwood regeneration
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MethodsMethods



Study Area
Average Winter Deer Density 1996-2000 

from MDNR Pellet Counts

Legend
Average 1996-2000
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Presenter
Presentation Notes
-59 northern hardwood stands selectively harvested 2 to 15 years ago
-3-6 harvest gaps/stand (347 gaps total)
-Observed gradient in deer density (ordinary kriging) n=179



2008
34 sites

% Browsed % Hemlock with 
Severe Browse

Spruce 1.8
Pine 29.5
Hemlock 92.4 60.3

19 pine/ 11 
hemlock sites

% Browsed % Hemlock with 
Severe Browse

Year 2008 2009 2008 2009
Pine 19.0 51.6
Hemlock 81.7 95.6 28.7 75.9

Intense Browse Pressure Across Study Area

Help!



% Tsucan Browsed Severely by Year

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

2008 2009

Pe
rc

en
t

Cumulative browsing across years at sites with lower 
2008 hemlock browsing 

% Hemlock Severely Browsed

Presenter
Presentation Notes
Add table of % browsed



Habitat type soil moisture and nutrient regimes in 
Western U.P., Michigan

Soil Moisture Regimes
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Results
•Characterization of 

regeneration

•Gap and stand-level variables 
explaining variation

•Spatial patterns in 
regeneration

•Landscape-level variables 
explaining variation

•Characterization of 
regeneration

•Gap and stand-level variables 
explaining variation

•Spatial patterns in 
regeneration

•Landscape-level variables 
explaining variation



Sugar maple and ironwood dominated    
regeneration layer

Species 1-7m
Ave stems 

(range) Stdev
Occurrence 

(%)
Sugar maple 39 (0-494) 89.0 52
Ironwood 11 (0-188) 25.7 57
White ash 7   (0-373) 36.5 19
Red maple 5   (0-299) 21.4 17
Black cherry 3   (0-94) 8.5 32
Balsam fir 1   (0-42) 3.6 10
All species 66 (0-575) 108.8 88

Sapling composition per gap plot (38 milacres)
Species       

3.3-23 ft
Ave stems 

(range) Stdev
Occurrence 

(%)
Sugar maple 39 (0-494) 89.0 52
Ironwood 11 (0-188) 25.7 57
White ash 7   (0-373) 36.5 19
Red maple 5   (0-299) 21.4 17
Black cherry 3   (0-94) 8.5 32
Balsam fir 1   (0-42) 3.6 10
All species 66 (0-575) 108.8 88

Uncommon species in sapling layer                                
(1-5% occurrence):                                           

paper birch, yellow birch, beech, black ash, larch, 
black spruce, quaking aspen, bigtooth aspen, 
balsam poplar, red oak, basswood and elm

Mature trees at 6 sites, 6 seedlings, 21 saplings

Sapling composition per acre
Species 
3.3-23 ft

Ave stems 
(range) Stdev

Occurrence 
(%)

Sugar maple 1025 (0-12,981) 2339 52
Ironwood 289 (0-4,940) 675 57
White ash 184 (0-9,802) 959 19
Red maple 131 (0-7,857) 562 17
Black cherry 79 (0-2,470) 223 32
Balsam fir 26 (0-1,104) 95 10
All species 1734 (0-15,110) 2859 88

Presenter
Presentation Notes
Northern red oak found at 6 sites



0%

20%

40%

60%

80%

100%

1-2m 2-4m 4-7m

Height

Pe
rc

en
ta

ge
 o

f S
ap

lin
gs

Importance of advanced regeneration

Sugar maple Ironwood
Tallest gap colonizer 9 ft 8.2 ft

Advanced Regeneration > 13 ft
Ave. age at gap 
formation 29 17
Range of ages at gap 
formation 5-87 1-42

0%

20%

40%

60%

80%

100%

1-2m 2-4m 4-7m

Height

Pe
rc

en
ta

ge
 o

f S
ap

lin
gs

Advanced 
Regeneration

Gap Colonizer

0%

20%

40%

60%

80%

100%

1-2m 2-4m 4-7m

Height

Pe
rc

en
ta

ge
 o

f S
ap

lin
gs

Sugar Maple Ironwood

3.3-6.6 ft 6.6-13 ft 13-26 ft 3.3-6.6 ft 6.6-13 ft 13-26 ft



Advanced regeneration vs gap colonizers growth 
rates following harvest
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Results
•Characterization of 

regeneration

•Gap and stand-level variables 
explaining variation

•Spatial patterns in 
regeneration

•Landscape-level variables 
explaining variation



Sugar maple regeneration (3.3-6.6 ft) is affected 
by both gap- and stand-level variables

**
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*
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**
**
**
**
**



Sugar maple sapling occurrence and abundance 
varies by Habitat Type

Richer soil nutrient regimeRicher soil nutrient regime
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Density by Habitat Type        
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Habitat Type

Su
ga

r m
ap

le
 3

.3
-6

 ft
 / 

ga
p 

pl
ot

TMC        ATM        ATD     ATD-Hp   AOCa

Sugar maple sapling occurrence and abundance 
varies by Habitat Type



Density by Habitat Type        
<3.3 ft Tall Sugar Maple
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varies by Habitat Type, but not as much
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Ironwood appears unresponsive to measured gap-
and stand-level variables



Species (n) BA 2002 2003 BA:2002 BA:2003 r2

Sugar maple (89) + - - + + .234

Ironwood (64) - + + + + .405

Red maple (54) + - - - + .541

White ash (37) - + + + + .235

p<-0.001

Evidence of seed source limitation at the stand 
scale in managed forests

Basal area of mature trees with dbh > 2 inch ironwood, > 8 inch other



Evidence of seed source limitation at the stand 
scale in managed forests

Basal area (ft2/acre dbh > 8 inches)
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Results
•Characterization of 

regeneration

•Gap and stand-level variables 
explaining variation

•Spatial patterns in 
regeneration

•Landscape-level variables 
explaining variation



Site average gap densities         
1-2 m sugar maple saplings
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Presentation Notes
Large landscape so we can take advantage of exploring large scale patterns.



Site average gap densities         
1-2 m ironwood saplings
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Site average gap densities         
1-2 m other species saplings
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Results
•Characterization of 

regeneration

•Gap and stand-level variables 
explaining variation

•Spatial patterns in 
regeneration

•Landscape-level variables 
explaining variation



Snow depth varies generally N-S
Average Snow Depth              

November 2007 to April 2008

data source: SNODAS, NSIDC
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Snow depth (cm)
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26
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Winter Deer Densities Nov 2007-Apr 2008 
(deer/mi2) Fecal Pellet Method

Deer density distribution displays regional variation

Legend
Pellet count sites
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Deer density decreases with snow depthDeer density decreases with snow depth
Winter Deer Density vs Snow Depth

Ave. Snow Depth Nov 2007-Apr 2008 (cm)
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Browse index decreases with snow depthBrowse index decreases with snow depth



Browsing on planted hemlock decreases with deer 
density and latitude

Browsing on planted hemlock decreases with deer 
density and latitude

Deer/km2 UTM Northing
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<5,109,835 
UTM Northing

Comparing gap- and site-level variables between 
southern and northern regions

Southern 
Region          

n= 163 gaps, 28 sites

Northern 
Region          

n= 184 gaps, 31 sites

Channing

Sugar maple 3.3-6 ft vs Northing
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Presentation Notes
-non-parametric
-test for chances of obtaining greater observations in one population versus the other
-Ho= two sample are drawn from a single population
-assumes independence of observations- to validate gap-level results I re-ran with site-level averages




* * * (*)

Regional Difference in Gap Characteristics
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* p<0.05

Many gap- and site-level variables differ between 
southern and northern regions
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Habitat type distribution displays regional variation
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Discussion and Conclusion

•Results summary

•Caveats

•Management implications



Hypothesis: A combination of multi-scale factors 
help explain variation and spatial patterns in 

northern hardwood regeneration

Prediction 1: Gap-level variables affect 
regeneration

•Seed source (+)

•Gap size / light availability (+)

•Competing vegetation (-)

Prediction 2: Stand-level variables affect 
regeneration

•Deer density / browse (-)

•Habitat type (+)

Prediction 3: Landscape-level variables affect 
regeneration

•N-S snow gradient → N-S gradient in deer densities 
→ N-S gradient in sapling densities

Yes

Some support

Yes

Important but not in 
direction expected

Yes but confounded

Presenter
Presentation Notes
-With deer there may also be problems with our data set because of inherent problems with pellet count data
-talk about caveats (correlation, unmeasured variables, multiple N-S gradients) 



Gap Dominance by Different Sapling Species
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Potential for changes in species composition

Gaps with and without Potential Replacement
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% Gaps where that spp was removed as a stump where there is a sapling of that spp or not



Management Implications
•“Regeneration of sugar maple in northern hardwood 
stands in the Lake States is generally a simple matter” 
(Tubbs 1968)

•Stands with less sugar maple regeneration:

•More nutrient rich habitat types

•Southern sites with higher winter deer densities

•Competition from graminoids and shrubs

•Methods to enhance regeneration:

•Protect advanced regeneration

•Increasing seed source and light availability

•Reduce deer density

•Herbicide

•Other harvest techniques (shelterwood)

Presenter
Presentation Notes
Studies such as this and maybe more controlled or long term experiments help direct managers in how to sustain the landscape for multiple uses including timber production and providing habitat and forage for deer



Q: What is the biggest threat to natural northern hardwood regeneration?

And the Answer Is…

GIANT KILLER FLIES

Hint: In this picture

Thank you! Questions?



Species differences in growth rate

After harvest growth rate 
affected by:

•Height (+)

•Time since harvest (-)

•Ad regen (-)

Not affected by:

•Deer density

•Habitat Type

•Canopy openness

Species differences in growth rate

Sapling Age vs Height

Sapling Age (yrs)
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Sugar maple and ironwood trade off dominance
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Sugar maple regeneration (3.3-6.6 ft) is affected 
by both gap- and stand-level variables

Variable Mean -> +/-1 Stdev +/- saplings/plot

Competing Veg 42% → 19% + 0.5 - 1

Canopy Openness 13% → 20% + 1 - 2

Time since harvest 9 yrs → 12 yrs + 1 - 5

Deer Density 36 /mi2 → 6 / mi2

TMC

ATM

ATD

ATD-Hp

Estimated at 
AOCa stand
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