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PREFACE 
Chapter 1 was written in the format for the Central Hard-woods Conference and chapters 

2 and 3 were written in the format of the Society o.f American Foresters Northern 

Journal of Applied Forestty. 
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ABSTRACTS 
CHAPTER 1- STUMP SPROUT HEIGHT GROWTH SUCCESS RATE OF 

NORTHERN PIN OAK AND LONG-TERM EFFICACY OF COPPICE 
HARVEST IN CENTRAL WISCONSIN 

Abstract: Coppice with 2-3 reserve trees per acre is the Generally Accepted Practice 
(GAP) for managing oak stands on nutrient poor sandy sites (colloquially called "scrub 
oak sites") in Wisconsin. The future stocking of the stand is therefore dependent 
predominantly on stump sprouts with varying levels of contribution from advanced 
regeneration. Two groups of sites ( 4 cut in 1998 and 4 cut in 2006) were measured to 
examine the success of the stump sprouts. For the sites harvested in 2006 over 85 percent 
of stumps had sprouted during the first year after harvest (Mujuri and Demchik 2009). By 
2010, 74 percent of the sprouts from stumps that had sprouted had been successful in 
reaching a height of at least 6 feet ( dete1mined to be beyond the height of heavy deer 
browsing of the terminal buds). For the sites harvested in 1998, transects were run to 
measure 25 stump sprouts and an additional 20, 11735th acre regeneration plots were 
measured to determine the success of seedling regeneration. Ninety percent of 
regeneration plots sampled had at least one desirable timber species with 85 percent of 
the plots containing at least one viable oak seedling/sapling and 41 percent of these plots 
contained an oak at least 10 feet tall. The average sprout height measured across all sites 
was 24 feet. While there was some variability seen between sites that likely resulted from 
varying site history, the GAP of coppice with reserve trees does seem to be effective at 
regenerating scrub oak sites. 

CHAPTER 2 -THE EFFECT OF RESERVE TREES ON OAK REGENERATION 
ON SCRUB OAK SITES IN CENTRAL WISCONSIN 

Anecdotally, higher retention levels after harvest are believed to have a negative impact 
on oak regeneration accumulation. For this study, harvests with four retention levels of 
0%, 15%, 30% and 45% were established to determine the impact of overstory retention 
on success of oak regeneration after harvest. Previous research has shown that an 
increase in reserve trees can increase the accumulation of the intermediate shade tolerant 
oak as well as other intermediate and shade tolerant species while reducing the 
abundance of more intolerant species such as aspen. Five sites were selected and three 
replicates of each treatment were established. Four of the sites were harvested in the 
winter of 2007 and one in the winter of 2008. Due to the time difference and variation, 
the site harvested in 2008 was eliminated from the statistical analysis. The regeneration 
levels in all plots met the requirements for adequate stocking based upon DNR set 
standards. There were no significant differences between retention levels. Tallest 
seedlings per plot were also analyzed to see if one retention level had taller seedlings 
more likely to recruit into the overstory, but there were no significant differences. While 
there were no significant differences between retention levels, there was an increasing 
trend for height of desirable species other than oak, total arboreal seedlings, and both the 
number and height of oak seedlings. At this stage of regeneration, it appears that oak can 
persist under higher retention levels, but fu1iher study will be necessary to determine 
recruitment into the canopy. 
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CHAPTER 3 - OAK ADVANCEDREGENERATION POTENTIAL ACROSS A 
SITE QUALITY GRADIENT IN CENTRAL AND NORTHERN WISCONSIN 

Abstract: The purpose of this study was to determine if habitat type (Kotar and Burger, 
2002) can be used as an accurate predictor of oak advanced regeneration accumulation 
and if so, to classify habitat types into three categories: "intrinsic accumulators", 
"ambivalent accumulators" and "recalcitrant accumulators" (Johnson et al. 2002). Forest 
managers across the state were asked which habitat types currently supported at least 40-
50% oak in the overstory. Based upon responses, the 9 most dominant (representing the 
greatest number and coverage of counties) were selected to be included in the study. Due 
to the mosaic nature of two sets of these habitat types, they were combined for 
replication. For each habitat type/category 10 sites were selected including 5 replicates of 
both high and low density to determine if canopy cover could also be used as a predictor 
of oak regeneration. The main factors examined at each site were: stand density (basal 
area), canopy cover, site index, and regeneration. Data analysis was done with a multi
factorial ANCOV A with deer browse intensity used as a covariate. Initial sampling and 
research has shown that oaks regenerate more predictably on lower quality sites where 
they have a higher competitive advantage and regenerate poorly on high quality sites 
where they are often outcompeted by faster growing species. Only one habitat type 
surveyed, AAt, was not fully stocked with oak regeneration. All other habitat 
types/categories had sufficient oak regeneration (WIDNR 2006a), with some variability 
between habitat types. According to the guidelines of Steiner et al. (2008), ArDe and 
AQVb-Gr/ATiFrCi are the only habitat types fully stocked with oak when examining 
aggregate height, without taking post-harvest stump sproti'ts into consideration. While 
not significantly different, habitat types in central Wisconsin (Wood, Portage, Waupaca, 
Juneau, Adams, Waushara, Marquette, and Green Lake counties) did tend to have higher 
accumulation of oak seedlings, but in general, it appears that most of the habitat types in 
this study are regeneration accumulators (with the exception of AAt). The lack of 
successful regeneration of high quality oak sites, at least for the habitat types surveyed, 
does not appear to be an advance regeneration barrier. There are a number of other 
possible barriers, as well as the interaction of these barriers. 
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INTRODUCTION: 
In Central Wisconsin, low quality oak stands, colloquially called "scrub oak", 

represent one of the largest cover types. This cover type is predominantly present on dry, 

nutrient poor sites consisting of sandy soils. The most common overstory species are 

northern pin oak (Quercus ellipsoidalis) and black oak (Quercus velutina), although the 

more shade intolerant quaking aspen (Populus tremuloides) and moderately tolerant red 
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maple (Acer rubrum) are frequently found as well. Longer-lived species such as white 

pine (Pinus strobus), bur oak (Quercus macrocarpa) and white oak (Quercus alba) are 

also common associates. 

The sites are of low productivity with site indices (base age of 50 years) as low as 

35-50 feet. In comparison, more mesic sites have site indices greater than 60 feet. Oaks 

form deep tap roots as seedlings, giving them reasonable drought tolerance (Larsen and 

Johnson 1998) and have intermediate shade tolerance (Crow 1988), which provides them 

with a competitive advantage over some other species (Chadwell and Buckley 2003, 

Johnson et al. 2002). This makes oak regeneration and dominance in future stands much 

more predictable than on higher quality sites where they lose this competitive advantage. 

This is discussed in greater detail in Chapter 3, which examines the link between habitat 

type and oak regeneration success. 

Across the wide geographic range of oaks (Johnson et al. 2002), many forest 

managers have had difficulties in the regeneration (Nowacki and Abrams 2008; WI DNR 

2006b; Crow 1988; Beck and Hooper 1986) and recruitment (Cook et al. 1998) of oak 

stands. Oak regeneration can be highly variable due to site, environmental and biological 

factors. Site factors are discussed in Chapter 3 of this thesis, which addresses the 

variability in advanced regeneration production across a range of site habitat types and 

qualities. 

Site managers can rely on both the natural accumulation of advanced regeneration 

as well as stump sprouts on scrub oak sites (Johnson et al. 2002). Stump sprouting can be 

a very dependable form of regeneration on drier sites where it has a greater competitive 

8 



advantage due to its extensive root system (Johnson et al. 2002). The typical silvicultural 

prescription for scrub oak sites is a coppice cut with 2-3 reserve trees per acre (WI DNR 

2006a). A coppice cut is an overstory removal in which the primary form ofregeneration 

and recruitment of trees into the overstory is asexual reproduction via stump or root 

sprouting with varying levels of contribution from advanced regeneration. Oaks have a 

very high stump sprouting potential (Lynch and Bassett 1987, Mujuri and Demchik 

2009a, Weigel and Johnson 1998, Weigel and Peng 2002) and are very well suited for 

this type of harvest. Rotation lengths are also relatively short ( 45-70 years) and growth 

rates are low so the trees are typically smaller and of poor form. These low quality trees 

are typically sold for pulp products, but the sites will regenerate consistently and with 

relative ease. 

Despite the relative ease of obtaining oak regeneration on dry sites, there are 

several pressures that can deter or slow regeneration. The main pressure is deer 

browsing. Deer have a remarkable ability to influence regeneration and will browse oak 

seedlings and stump sprouts heavily (Hamerstrom and Blake 1939, Inouye et al. 1994, 

Strole and Anderson 1992), which can significantly reduce growth rates and potentially 

alter the species composition over time (Stromayer and Warren 1997). A second large 

pressure is oak wilt, which is caused by the fungus Ceratocystisfagacearum. This 

pathogen is rampant in central Wisconsin (Figure 1 ), causing a great deal of oak mortality 

throughout its current range and is spreading rapidly ( Anderson and Anderson 1963; WI 

DNR2010). 
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Figure 1 - Confirmed counties in WI with oak wilt as of August 2010 (WDNR 2010) 

On private land there is often a disparity in forest management between 

landowner goals and what is typically considered ecologically sound. Roughly 56% of 

the land in Wisconsin is owned by non-industrial private forest owners (Perry et al. 

,, 
2008), whose goals are often not satisfied by the Generally Accepted Practice (GAP) (WI 

DNR 2006a). The GAP on these sites is a coppice harvest, but this form of management 

is often not in accordance with the aesthetic or wildlife goals of many landowners. One 

solution is to leave some of the overstory intact as reserve trees on these sites, but this 

may alter the microclimates in the forest floor and affect regeneration (Miller et al. 2006). 

These effects are discussed more extensively in Chapter 2. 

LITERATURE REVIEW: 
There are a wide variety of enviromnental factors that affect oak regeneration 

although the two that seem to be the most limiting are water and light availability 

(Abrams 1988, Crow 1988, Johnson et al. 2002, Lorimer et al. 1994). Biological factors 

such as deer browsing and competition from other species can also present a large hurdle 

to overcome in the predictable regeneration of an oak stand (Buckley et al. 1998, 
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Chadwell and Buckley 2003, Crow 1988, Lorimer et al. 1994, Russell et al. 2001, Sander 

et al. 1984, Steiner et al. 2008). 

Overall there seems to be a much higher degree of predictability regenerating oak 

on scrub oak sites. On these dry, nutrient poor sites oak have a competitive advantage 

due to their moderate shade tolerance (Larsen and Johnson 1998) and moderate drought 

tolerance. This is due to the large tap root that establishes early in the life of the seedling 

(Johnson et al. 2002). This tap root allows oaks to avoid the moisture stress experienced 

by more poorly adapted species (Chadwell and Buckley 2003). Another competitive 

advantage of these species is that many are vigorous stump-sprouters, even at maturity 

(Mujuri and Demchik 2009a). 

STUMP SPROUTING 
The most common regeneration harvest for sites of this nature is a coppice 

harvest, which involves complete overstory removal relying heavily on stump sprouts, 

with varying levels of contribution from advanced regeneration, to re-colonize the 

overstory. Annual seed production and establishment is highly variable within oak and is 

subject to high levels of seed predation. For example, in a bumper crop year as much as 

90% of the acorns may be rendered unviable due to predation from mammals, insects, or 

other pests (Johnson et al. 2002). Stump sprouting allows for rapid growth with a high 

probability of the site returning to a largely oak dominated overstory (Sander et al. 1984 ). 

Extensive studies have been conducted in Michigan (Lynch and Bassett 1987), Indiana 

(Weigel and Johnson 1998, Weigel and Peng 2002), and Wisconsin (Mujuri and Demchik 

2009a). All of these studies agree that while sprouting decreases with age, oaks are 
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vigorous sprouters and coppicing dry sites is a viable regeneration method for the 

retention of oaks. 

Lynch and Bassett (1987) looked primarily at the relationship between age of tree 

at time of harvest and stump sprouting of northern pin oak. Their data did not suggest 

any co1relation between stump diameter and sprouting percentage as was seen in other 

studies (Mujuri and Demchik 2009a, Weigel and Johnson 1998, Weigel and Peng 2002). 

Their study indicated that even in oaks up to 80 years old there was a greater than 70% 

chance that stump sprouting would occur. Contrary to other studies, however, this study 

suggests that even this may not be sufficient to restock the stand and that these sprouts 

may "need to be augmented or supplemented" (Lynch and Bassett 1987) prior to full 

overstory removal. There also seems to be a strong correlation between site quality and 

oak regeneration, which will be explored in Chapter 3. 

Two studies in Indiana (Weigel and Johnson 1998, Weigel and Peng 2002) looked 

at the influence of age, diameter at breast height (DBH), and site index on stump 

sprouting of oaks. Whereas the percent of stumps sprouting was lower than that of 

Mujuri and Demchik (2009a), they showed a very strong negative correlation with both 

age and DBH. Site index had a statistically significant positive correlation. Weigel and 

Peng (2002) also looked at the survival of stump sprouts at five and ten years, (prior to 

canopy closure), after clearcutting. Black and northern red oaks became slightly less 

competitive in this study, but, depending upon the site, there should still be enough viable 

sprouts to maintain a significant proportion of oak in the overstory. Due to the high 

degree of variability between site conditions (moisture availability, competitive species 

present, and disturbance), each site should be evaluated on an individual basis when 
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examining regeneration both pre and post, harvest (Carvell and Tryon 1961, Sander et al. 

1984). 

DEER HERBIVORY 
Deer can also have a drastic effect on both seedlings and stump sprouts. This is 

another instance where societal goals do not coincide with what may be required to fulfill 

ecological goals. Deer levels in Wisconsin, depending upon the area, can be higher than 

30 deer per square mile (WI DNR 2011). High deer populations can have significant 

effects and may drastically alter plant communities. Oak are often heavily browsed as 

they are a prime source of food during winter feeding months (Strole and Anderson 1992; 

Hamerstrom and Blake 1939). A study by Stromayer and Wanen (1997) examined the 

impacts of high deer herbivory across the US. They demonstrated that it is possible for 

deer pressure to create alternate stable states and drastically shift plant communities. ,, 

Through the suppression of natural regeneration due to preferential browsing (Strole and 

Anderson 1992) over time deer can alter what becomes the dominant cover type. While 

low deer densities would be advantageous for oak regeneration, there is a great societal 

demand for high populations of deer. 

Deer browsing can cause mmiality or slow growth sufficiently to the point that oaks can 

be outcompeted by faster growing species, or those less desired by deer (Russell et al. 

2001). Depmiment ofNatural Resource county foresters from around the state have 

listed high deer populations and herbivory as one of the biggest struggles they face in the 

regeneration of oak (WI DNR 2006b ). In some instances ecological change has been so 

great that deer have been called "keystone herbivores" (Rooney and Waller 2003; 

Rooney 2001; Waller and Alverson 1997). The problem may not be so simple; it may be 
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a combination of factors all contributing to the success or failure of oak regeneration. 

Stole and Anderson (1992: 143) concluded, "The fact that deer have a high preference for 

white oak (Quercus alba) and a low preference for sugar maple (Acer saccharum), along 

with fire exclusion and competition from other low-use, browse-tolerant species, may add 

to the degradation of a reproducing oak forest." 

Mujuri and Demchik (2009a) looked specifically at the stump sprouting success 

of northern pin oak in central Wisconsin on scrub oak sites. Initial treatment data were 

derived from this study. They collected data in the summer of 2007 on percentage of 

stumps that had sprouted in one-inch diameter classes. Like the studies in Indiana they 

found a significant negative correlation between stump diameter and percentage of 

stumps sprouted. This study found very high stump sprouting percentage compared to 

the others (Weigel and Johnson 1998, Weigel and Peng 2002). For stumps less than four 

inches in diameter the sprouting rate was almost 100%. There was a significant decrease 

in the sprouting percentage as stump diameter increased, but for stumps greater than 18 

inches in diameter the rate was still 71.4%. 

METHODS 
Data were collected during the summer of 2010, which provided a glimpse at 

stump sprout growth and success through time. For the purpose of this study, success 

was defined as having the dominant sprout reaching at least 6 feet tall, which was 

determined to be beyond the height of heavy deer browsing of the terminal buds. The 

purpose of this study was to determine the success of northern pin oak stump sprouts on 

four scrub oak sites in central Wisconsin and evaluate the efficacy of the coppice 

harvesting method. 
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STUDY SITES 
Four sites previously studied for stump sprouting frequency of n01ihern pin oak 

(Mujuri and Demchik 2009a), were selected to serve as the initial treatment data for this 

study. This consisted of two sites each in the Meadow Valley State Wildlife Area and 

Sandhill State Wildlife Area, both of which are managed by the Wisconsin State 

Depmiment of Natural Resources (WI DNR) and located in Momoe and Wood Counties, 

respectively. These sites were harvested during the winter of 2006-2007 and were 

sampled in the summer of 2007 to assess the frequency of n01ihern pin oak stump 

sprouting in relation to stump diameter. Both sites are primarily no1ihern pin, black and 

white oak, with several scattered red and white pine per acre. 

Both Meadow Valley Wildlife Area and Sandhill State Wildlife Area are 

characterized by dry, sandy soils formed on level sand plains. The dominant habitat ,, 

types are PEu (Pinus strobus/Euphorbia corollata) and PVG (Pinus/Vaccinium

Gaultheria) (Kotar and Burger 1996). These two habitat types are very similar with a 

common difference being that PVG has a slightly higher water table (making it dry to dry 

mesic) and may be slightly less nutrient deficient. 

Four additional sites, harvested in 1998, were selected in cooperation with the WI 

DNR. These sites were not habitat typed, but qualified as scrub oak sites on dry sandy 

soils. All four sites were located on privately owned land in Waushara County and 

ranged from five to eighteen acres. Harvesting was done in winter according to standard 

WI DNR specifications for scrub oak (WI DNR 2006a; Arend and Scholz 1969). These 

sites will serve to add a temporal context to this study and examine the efficacy of 

regenerating oak using the harvesting system typically employed on scrub oak sites. 
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FIELD METHODS 

Parallel transects were run across the longest axis of each site harvested in 2006. 

Any no1ihern pin oak stump falling within five feet of the transect was measured for 

diameter, height of dominant sprout (measured in one foot height classes) and average 

percent browse of all sprouts by four levels (0-25%, 26-50%, 51-75%, and 76-100%) 

(Mujuri and Demchik 2009a). On each site 100 stumps were recorded along these 

transects. Height was measured using a graduated height pole constructed from PVC and 

marked in one foot increments. Due to high levels of decomposition it was not always 

possible to detennine if a stump was alive at the time of harvest, so some sites have fewer 

than 100 total measured stumps. 

More extensive sampling was conducted on the 12-year-old sites to account for 

other possible aspects of oak restocking. Pre-harvest data "for seedling regeneration were 

provided by the WI DNR. In the summer of 2010 parallel transects were run across the 

longest axis of each site to measure 25 stumps, to install 20 11735th acre regeneration 

plots (located every 66 feet along the transect), and to count all trees within five feet of 

the transect greater than two inches DBH. These data were intended to be pilot data, but 

after preliminary data analysis was conducted the sites were determined to be relatively 

homogenous and variation was low enough that more sampling was not required. 

DAT A ANALYSIS: 

Descriptive statistics (mean values, confidence intervals, and maximum/minimum 

values) were generated to dete1mine the rate of success in reaching a height of at least six 

feet, as this was determined to be beyond the height of heavy deer browsing of the 

terminal buds. These tests were performed using Microsoft Office ExcelTM. Linear 
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regression was also performed to determine if outside bark diameter of the stump could 

be used as a predictor of the height of the dominant sprout. The regression analysis was 

conducted using Minitab 15 .1.1 statistical software. 

The regeneration plots from the 12-year-old sites were analyzed to see if they met 

the requirements for adequate stocking based upon DNR set standards (WI DNR 2006a). 

According to these standards, at least 59% of the plots surveyed must be stocked with a 

seedling/sapling of a desired species. For the purposes of this study the following species 

were deemed desirable: any oak or maple, green (Fraxinus pennsylvanica) or white ash 

(Fraxinus americana), and white or red pine. If this condition was not satisfied the 

stump sprouts were then taken into account to see if they would fill the gap left by 

inadequate advanced regeneration from seed and seedling sprouts. 

RESULTS 
All sites were measured during the summer of 2010. On the sites harvested in 

2006, 75 percent of the sprouts were at least 6 feet with the average height of the 

dominant sprout being 8 feet across all sites (Table 1 ). The average stump diameter was 

8.3 inches. Measured stumps ranged from 1-32 inches in outside bark diameter. The 

percentage of stump sprouts in each browse category was highly variable within and 

across all sites (Table 2). 
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Table 1 - Average values of percent of sprouts >6', dominant sprout height, and 
stump outside bark diameter. 

Percent of Avg. 
Avg. 

Stump OB Site Sprouts Sprout Diameter 
>6' (%) Ht. (ft) (in) 

MV826 80 9 9.8 
MV855 78 7 9.2 
SH105 66 8 5.9 
SH112 74 7 8.2 
Average 75 8 8.3 

*Site names used are WI-DNR stand designations 

Table 2 - Average values of percent browsing of stump sprouts category by site. 

Site 
Browse 

MV826 MV855 SH105 SH112 
Category 
0-25 % 23% 72% 12% 74% 

25 - 50 % 49% 22% 37% 23% 

50 - 75 % 18% 5% 38% 3% 

75 - 100 % 10% 1% 13% 0% 

*Site names used are WI-DNR stand designations 
,, 

With alpha equal to 0.05, there was a significant coITelation (p >0.001) between 

stump diameter and height of the dominant sprout (r2 = 8.7%). There was also a 

significant positive coITelation (1-0.132; p =0.019) between deer browsing and height of 

the dominant sprout. 

On the sites harvested in 1998, 89 percent of plots were stocked with a desirable 

species. Eighty-five percent were stocked with oak. Of those, 41 percent were stocked 

with an oak greater than 10 feet tall. The average height of stump sprouts was 24 feet 

(Table 3). 
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Table 3 - Average percent of plots stocked with desirable species, plots stocked with 
oak, plots with oak> 10ft, and average stump sprout height. 

Percent of 
Percent of Percent of Avg. 

Plots 
Site Plots Stocked Stocked 

Plots with Stump 
with Desirable with Oak Oak>lO' Sprout Ht. 

Spp (%) 
(%) 

(%) (ft) 

1 95 90 75 25 
2 95 95 50 20 
3 70 55 10 26 
4 100 100 30 24 

Average 89 85 41 24 

DISCUSSION 

STUMP SPROUTING 
Stump sprouts are a very effective tool for regenerating oak on nutrient-poor 

sandy sites. They have the ability to quickly regenerate a site. In only four growing ,, 

seasons roughly 75 percent on these sprouts were able to achieve a height greater than the 

effective deer browse line. The data from the sites harvested in 1998 also demonstrate the 

rapid growth rates of these stump sprouts, as they were able to achieve an average height 

of 24 feet in only 12 growing seasons. This is beyond the predicted height based upon 

site index curves assuming a base age of 50 and a site index between 40 and 50 feet 

which is typical on these dry, nutrient poor sites (Carmean 1972). 

A positive correlation was seen between the outside bark diameter of the stump 

and the height of the dominant sprout. The greater root mass of a larger stump would be 

able to gather more water and nutrients than a smaller stump and would also contain a 

greater store of carbohydrates. While it was highly significant (p >0.001), the r2 was too 

low to allow for adequate prediction of sprout height from stump diameter. There are 
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simply too many other variables that can affect height growth. If more variables were 

entered into the equation, i.e. soils (moisture and texture), light availability, stresses and 

pests or competing vegetation, a stronger equation could possibly be developed to more 

accurately predict the growth of the dominant sprout. 

SEEDLING REGENERATION 
While stump sprouts may provide for quick restocking of oak, they are not the 

only contributor. Seedling regeneration can be a vital addition to the reliable stump sprout 

regeneration. On the sites harvested in 1998, extensive seed origin regeneration was 

present and exceeded stocking guidelines, having black, northern pin, and white oak 

seedlings prevalent across all sites. Whereas black and northein pin oaks are relatively 

sh01i lived species, white oak has a much longer life span. Much of the seed origin 

regeneration was white oak (present in 70 percent of plots),, which may increase the 

longevity of the oak presence in these stands. 

DEER BROWSING 
One of the main concerns of many foresters for oak is the effect that deer can 

have on regeneration (WI DNR 2006b). A significant positive correlation (r=0.132) 

between deer browsing and dominant sprout height was observed. This implies one of 

two possibilities: either deer will preferentially browse more successful sprout clusters as 

they are more nutrient rich, or the browsing that occurs reduces the competition allowing 

the dominant sprout to be more successful. While deer browsing may be a factor in the 

success of oak regeneration on scrub oak sites in general, for all of the sites used in this 

study it appears that sufficient oak stump sprouts ( combined with other desirable 

components of regeneration) were produced to adequately regenerate the stands and the 

majority of stump sprouts were able to grow above the deer browse line. 
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The amount of browse observed was highly variable both across an individual site 

and between all four study sites as a whole. Browsing was not examined for advanced 

regeneration from seed, but because an average of 85 percent of plots were stocked with 

oak after 12 years, browsing does not seem to be a significantly detrimental factor, at 

least on scrub oak sites. This may be due to the relative hardiness of oak seedlings on 

poor quality sites. The deep tap root will allow the seedling to resprout even if the 

majority of aboveground vegetation is removed due to browsing. 

MANAGEMENT RECOMMENDATIONS 
In any management situation, sites should always be evaluated on an individual 

basis. If oak decline is present, different management actions may be required. In an oak 

management guide published in Michigan by Farnsw01ih and others (2000), they 

recommended either a sanitation or salvage harvest, or delaying harvest to allow ,, 

development to proceed in a more natural course depending upon current conditions. The 

main source of variation found in this study was site history. One site harvested in 1998, 

appeared quite different from the others when looking at oak regeneration. Three of the 

sites had extensive seed origin oak regeneration, while the seed origin regeneration in the 

fourth was predominantly black cherry. This could be due to agricultural practices (i.e. 

tilling) in the past or differing disturbances during stand establishment. Despite this 

variation, even this site was successfully regenerated with economically desirable tree 

species. The GAP called for on these dry nutrient poor sites is an appropriate method for 

achieving full site regeneration. 
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INTRODUCTION: 
The generally accepted practices (GAP) defined by the WI DNR (2006a) are 

techniques shown to adequately regenerate a specific cover type while generating timber 

products in an efficient manner. While many landowners, due to their involvement in tax 

relief programs, are required to manage their prope1iies for timber production, the GAP's 

for the cover types on their properties often conflict with their ownership goals. Research 

has shown that the typical non-industrial private landowner prefers their forestland to be 

aesthetically pleasing, good for wildlife, and always has overstory trees, while profit is 

often a secondary goal (Perry et al. 2008). On scrub oak sites, where timber value is 

generally low, the silvicultural prescription does not typically match the primary 

landowner goal. Coppice harvest is the GAP, but is often not aesthetically pleasing and 

has historically only allowed two to three reserve trees per acre on site (Arend and Scholz 

1969), which clearly violates the three main landowner goals stated above. 

One possible solution to this conflict is to leave a greater number of reserve trees 

on a site; this has the potential to better meet the landowner goals without a severe 

negative impact to the regeneration of the site (Larsen and Johnson 1998). However, this 

will alter the microclimate of the site (Miller et al. 2006), potentially negatively 

impacting regeneration, but there has been little study to quantify what percent crown 
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cover is detrimental to the regeneration and establishment of oak seedlings and stump 

sprouts. The objective of this study is to determine the effect of crown cover on oak 

regeneration accumulation. Fmther study will be needed to determine the effect on final 

recruitment into the overstory. 

The average acreage of ownership by non-industrial private landowners (Perry et 

al. 2008) presents one of the obstacles to matching coppice as a regeneration technique 

for scrub oak stands to landowner goals. Approximately 9.1 million acres of the> 16 

million acres of forest land within Wisconsin is owned by families and individuals (non

industrial private landowners). Of these landowners, 52% have parcels less than 10 acres 

(Perry et al. 2008). On smaller parcels (5-20 acres) it can be difficult to find a logger 

willing to harvest a scrub oak stand due to its low financial potential. It would not be 

feasible for a logger logistically to harvest a site that smali' unless there was some high 

quality timber present, which is unfortunately not typically the case on lower quality sites 

(Kittredge et al. 1996). In addition, as the complexity of the harvest increases the 

likelihood of a logger harvesting the site will decrease, especially on lower quality 

timber. 

One relatively simple way to increase aesthetics and wildlife values, while not 

drastically increasing the complexity of the harvest, is to increase the amount of reserve 

trees left after harvest (Johnson et al. 1989a; Smith et al. 1989). Studies have shown that 

reserve trees can be very successful in meeting multiple management goals (Miller et al. 

2006; Heiligmann et al. 1985; Lorimer 1983). The rotation age based on GAP on these 

sites is 45-70 years, which is relatively sho11 compared to the rotation age for other 

species or for oak on higher quality sites. If the reserve trees are longer-lived species 
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such as white pine (Pinus strobus) or white oak (Quercus alba), they could remain and 

provide the desired cover until the end of the next rotation. These longer lived species 

have the potential to better satisfy the landowner goals. The site would retain some tree 

cover, be more aesthetically pleasing, and potentially increase its wildlife value. 

Additionally, at the second harvest, the longer-lived species may have grown into the 

sawlog category, thereby increasing the potential value of the stand. This would also 

increase the regeneration potential of the overstory. 

LITERATURE REVIEW: 
As management decisions receive more public scrutiny, it is important to not only 

meet ecological goals, but societal goals as well. Many of the goals and desires of the 

non-industrial private forest-land owner are also the goals of society at large, which 

typically find large scale clearcuts or even patch clearcuts on the landscape displeasing. ,, 

Despite its unpopularity, coppice is currently the preferred silvicultural technique on 

scrub oak sites (Arend and Scholz 1969). In order to appeal to public opinion and 

increase the social acceptability of management decisions, a higher number of reserve 

trees could be left on site to make the harvest more aesthetically pleasing to the general 

public. Unfortunately, there is still little study on the impacts of reserve trees to 

regeneration on a site. Increasing the number of reserve trees on scrub oak sites would 

provide the opportunity for some stump sprouting and increase the competitive advantage 

of the oak advanced regeneration by reducing the amount of available sunlight which 

could otherwise favor more shade-intolerant species with faster growth rates (Johnson et 

al. 2002); however, higher levels of overstory retention may necessitate removal cuts (if a 

significant amount of overstory is retained), after sufficient accumulation and growth of 
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oak seedlings to avoid seedling mmiality. Conversely, higher levels of overstory 

retention can decrease the·growth rate of the oak seedlings, making them more 

susceptible to herbivory (Russell et al. 2001) and mmiality from other environmental 

factors (Buckley et al. 1998). 

RESERVE TREE IMPACTS 
Mujuri and Demchik (2009b) examined the viability of northern pin and white 

oaks as reserve trees. They found that while both functioned well as reserve trees, white 

oak was clearly better suited for this system. Both trees exhibited increased volume 

growth, but in general northern pin oak had decreased vigor and a higher mortality rate 

than white oak, which over the period of the study had no measured mortality. White oak 

is also less susceptible to oak wilt (Johnson et al 2002), which is an important advantage 

due to this pathogen's presence across the state (WI DNR 2010). Therefore, white oak ,, 

has great potential for managers as it meets many of the needs for both the site 

aesthetically, by keeping trees on site, and ecologically by providing wildlife value and 

contributing to the stand's annual seed source. 

Miller et al. (2006) looked at how reserve trees in an Appalachian mixed

hardwood stand affected red oak and yellow poplar (Liriodendron tulipifera) 

regeneration. They discovered that there was a significant reduction in the amount of 

shade-intolerant species in the immediate vicinity of the reserve tree as well as decreased 

growth. Both growth and presence of shade-intolerant species increased with increasing 

distance from the reserve tree. Another study in Europe by Smith et al. (1989) examined 

reserve trees in the form of a defern1ent cut, which is similar to a seed tree. They 

examined not only the effect on the regeneration, but the health of the deferment trees as 
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well. Roughly 12-13 trees per acre were left after harvest, as opposed to the 2-3 trees per 

acre typically left in a coppice cut. These trees serve many purposes including: wildlife 

perches, increased shade, increased aesthetics, and an annual seed source. Only 

dominant/co-dominant trees with little to no defect or epicormic branching were chosen. 

Spacing is also important to ensure that there is a sufficient room for advanced 

regeneration to grow. While there was some damage due to logging (roughly 12% of 

deferment trees), m01iality was still very low and diameter growth increased significantly 

as documented by Miller et al. (2006) also. 

There are some risks involved with leaving reserve trees on a site. These trees 

may be more susceptible to windthrow or disease if they are damaged during harvest 

(Smith et al. 1989). If oak wilt is present on site reserve trees could become infected 

through root grafts with harvested trees. These grafts can 'also have a parasitic effect on 

nearby stump sprouts. A study by Atwood et al. (2009) looked at the effects of 

alternative silviculture (leave-tree and shelterwood), on stump sprouts and found that as 

basal area increased, the amount of dominant/co-dominant sprouts decreased. They 

hypothesized that this reduction could be due to the reserve trees, through the root grafts, 

utilizing nutrients and carbohydrates stored in the root system of cut trees, which would 

not only decrease the sprouting chance, but the vigor as well. Alternately, Dey and Jensen 

(2002) attributed this decline to shading from the residual overstory. They found a 

significant decline in the height of the tallest oak stump sprout in stands harvested using 

single-tree selection. While there are some risks in leaving reserve trees, there are also 

many benefits and it is up to the forest manager to weigh these benefits and risks to 

achieve the goals in place. 
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COMPETITION 
There are many impediments to oak regeneration. Two of the greatest are 

competition from other species and herbivory. Often there is substantial oak 

regeneration, both from seed and stump sprouts, but the competition is too great for the 

seedling regeneration to overcome (Cook et al. 1998). Johnson (1992) found that on 

many xeric sites where harvesting has been conducted, oak forests are often becoming 

more "savanna-like communities" as the oak regeneration is unable to outcompete a 

common sedge Carex pensylvanica. This may be somewhat atypical, but demonstrates 

the significant impact competition can have on regeneration. There are many areas where 

competition is greatly reduced as few species are adapted to survive on a poor quality 

site. Oak's deep taproot allows it to grow on sites that many other species lack the 

necessary adaptations. On higher quality sites competition can play a much more 

significant role. Lorimer et al. (1994) conducted an experiment in south western 

Wisconsin, on average to above average sites, in which they removed tall understory 

vegetation and recorded a 50-96% height increase in comparison to undisturbed control 

plots. Conversely, a study by Buckley et al. (1998) on low to moderately productive 

oak/pine stands, demonstrated that there may be some negatives associated with the 

removal of understory vegetation. First, this may alter the micro-climate in which the 

seedlings grow. In summer, the seedlings may experience a greater degree of moisture 

stress due to the increased solar radiation and in the winter may be more susceptible to 

frost damage. Second, due to the lack of other species available after removal, oaks will 

be the dominant food source left for winter browsing by wildlife such as deer. 

Competition may also affect stump sprouts, but the bigger pressure affecting sprouts is 

30 



deer browse during winter months (Strole and Anderson 1992; Hamerstrom and Blake 

1939). 

DEER HERBIVORY 
Deer can also have a drastic effect on both seedlings and stump sprouts. This is 

another instance where societal goals do not coincide with what may be required to fulfill 

ecological goals. Deer levels in Wisconsin, depending upon the area, can be higher than 

30 deer per square mile (WI DNR 2011 ). High deer populations can have significant 

effects and may drastically alter plant communities. Oak are often heavily browsed as 

they are a prime source of food during winter feeding months (Strole and Anderson 1992; 

Hamerstrom and Blake 1939). A study by Stromayer and Warren (1997) examined the 

impacts of high deer herbivory across the US. They demonstrated that it is possible for 

deer pressure to create alternate stable states and drastically shift plant communities. ,, 

Through the suppression of natural regeneration due to preferential browsing (Strole and 

Anderson 1992) over time deer can alter what becomes the dominant cover type. While 

low deer densities would be advantageous for oak regeneration, there is a great societal 

demand for high populations of deer. 

Deer browsing can cause mo1iality or slow growth sufficiently to the point that 

oaks can be outcompeted by faster growing species, or those less desired by deer (Russell 

et al. 2001). Department of Natural Resource county foresters from around the state have 

listed high deer populations and herbivory as one of the biggest struggles they face in the 

regeneration of oak (WI DNR 2006b ). In some instances ecological change has been so 

great that deer have been called "keystone herbivores" (Rooney and Waller 2003; 

Rooney 2001; Waller and Alverson 1997). The problem may not be so simple; it may be 
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a combination of factors all contributing to the success or failure of oak regeneration. 

Stole and Anderson (1992, p.143) concluded, "The fact that deer have a high preference 

for white oak (Quercus alba) and a low preference for sugar maple (Acer saccharum), 

along with fire exclusion and competition from other low-use, browse-tolerant species, 

may add to the degradation of a reproducing oak forest." 

SILVICULTURAL IMPLICATIONS 
It has been suggested by many that a shelterwood or coppice cut alone will not be 

sufficient to maintain a significant component of oak in the overstory of a forest (Steiner 

et al. 2008; Dey and Guyette 2000; Cook et al. 1998; Lorimer et al. 1994; Johnson et al. 

1989b; Crow 1988; Lynch and Bassett 1987; Sander et al. 1984). Oaks are neither 

pioneer species such as aspen with extremely fast growth rates, nor are they typically old

growth species that are very shade tolerant and extremely long-lived (Crow 1988). This ,, 

means that some level of disturbance is required to maintain oak in an ecosystem. 

Historically, many oak forests were maintained through repeated fires, either 

anthropogenic or natural wild fires (Dey and Guyette 2000). Cook et al. (1998) 

suggested that on mesic sites, this could be a viable way to increase the natural 

regeneration of oaks within a stand. Recuning burns may decrease competition enough 

and allow the oak seedlings to develop a healthy and vigorous root system that would 

allow them to be able to out-compete the other species present within that ecosystem, 

especially when combined with a shelterwood harvest (Brose et al. 2001; Brose et al. 

1999). A study on xeric ridge tops in Kentucky examined the effects of repeated fires on 

oak and red maple seedlings (Green et al. 2010). Recurring fires reduced the density of 

red maple seedlings, but the red maple still remained competitive with the oak. They 
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concluded that continuing to burn and adding silvicultural treatments, i.e. midstory 

thinning or a shelterwood (Brose et al. 1999), might make the oak seedlings more 

competitive. Hutchinson et al. (2005) conducted a similar experiment in southern Ohio 

and determined that periodic fire did not "improve oak regeneration consistently", 

although it did significantly reduce stand density. In the long run this reduction in stand 

density and continued periodic fire could combine to increase oak regeneration 

accumulation. It has been shown that oak regeneration is greater under more open 

canopies with large overstory trees (Johnson 1992). This is a condition that could be 

obtained through periodic burning. 

METHODS: 

STUDY SITES 
Five scrub oak sites were selected across central Wisconsin for this study. Three 

sites were selected in Greenwood Wildlife Area (henceforth referred to as Greenwood 

West (GWW), East (GWE), and South (GWS)), one site in Emmons Creek Fisheries 

Area, and one site in the Henry C. Kurtz Memorial Forest. They are located in 

Waushara, Portage, and Adams Counties, respectively. The WI DNR manages both 

Greenwood and Emmons Creek, but the Kurtz property is managed by the University of 

Wisconsin Stevens Point. 

Sites on the Greenwood and Kmiz prope1iy were harvested during the winter of 

2007-2008. In the final data analyses these four sites had three years of post-harvest data. 

Due to unforeseen complications, the site at Emmons Creek was not harvested until the 

following winter (2008-2009). This harvesting constraint caused a great deal of variation 

in the data collected in 2010 so Emmons Creek was omitted from the analyses. 
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EXPERIMENTAL DESIGN 
The experimental design of this study was a balanced completely randomized 

block ANOV A with repeated measures (2007 (pre-harvest)-2010), with four blocks, each 

with three replicates of the four treatments randomly assigned. Each of the four sites 

received 3 replications of each treatment (0, 15, 30, and 45% retention). The response 

variable is regeneration response with block, canopy retention level, and year as the main 

factors. An alpha level of O .10 was utilized to reduce the risk of type II error. 

FIELD METHODS 
On each site three replicates were randomly assigned to one of 12, ½ acre plots. 

Distance between plots was roughly 60 feet, although there was some variation due to the 

size and shape of the site. An initial sub-plot was established approximately 33 feet from 

the northwest comer of each plot. Each consecutive plot, for a total of 20, was then 

established along parallel n01ih-south transects with 33 fe~t between sub-plots and 45 feet 

between transects (Figure 1 ). 
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Figure 1 - Sub-plot design and layout within ½ acre treatment plot 

34 



This provided 240 sub-plots per site for a total of 1200 plots in the study total and 300 

sub-plots per treatment. At each point a 1/735-acre ( 4.3 feet radius) regeneration sub-plot 

was established. A tally of all arboreal advanced reproduction by species was recorded in 

two-foot height classes (0-2, 2-4, 4-6, 6-8, 8-10, and 10+) up to 2 inches DBH. 

DATA ANALYSIS 
Data were analyzed using the SPSS statistical package to determine if increasing 

crown cover impacted the accumulation of oak advanced regeneration (red, black, 

northern pin, white, or burr). Data from 2007 (pre-harvest), 2008, 2009, and 2010 were 

analyzed to dete1mine trends throughout all surveyed growing seasons. A general linear 

model with repeated measures was applied using SPSS statistical software. Comparisons 

were made using Bonferroni confidence interval adjustments. Analyses were perfonned 

with a= 0.10, as the consequences of a type II error are greater than the consequences of 
,, 

type I error. The model for this design is: y = µ + ~i + Lj + \Ilk+ (~1" )ij + 

Where: 

1 GWW, GWE, GWS, or Kurtz 

j = 0, 15, 30, or 45% crown cover 

k 2007, 2008, 2009 or 2010 

1 = 1, 2, ... , 12 (replicate sub-plot) 

y = Aggregate height for plot 1 in year k, in treatment j found in block i 

µ = Mean aggregate height across all treatments 

~i = Block effect for treatment i 
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Tj = Treatment effect for treatment j 

(~r)ij = EITor term associated with the interaction between block i and treatmentj 

('l'~)ik = Error term associated with the interaction between year k and block i 

('!'T)jk = EITor term associated with the interaction between year k and treatmentj 

('l'~T)ijk = Error term associated with the interaction between year k and treatmentj and 
block i 

eijkl = Error term associated with plot 1, in year k, in treatment j found in block i 

Analysis was completed individually for aggregate height per acre and number of 

seedlings per acre for both oak and other desirable species other than oak, as well as total 

height of arboreal seedlings and total number of arboreal seedlings. To determine if one 

canopy level had achieved taller seedlings overall, which would be more likely to recruit 

into the canopy in the future, aggregate tallest seedlings p~r subplot were also analyzed. 

An additional two-way ANOV A was completed by treatment level to determine if there 

were any significant differences. 

RESULTS 
There were no significant differences between treatments in the accumulation of 

oak or other desirable species (p > 0.20, Table 1). 

36 



Table 1- Standard Error (SE), F, and P values from two-way ANOVA tests on a 
per acre basis for aggregated height of oak, desirable species other than oak, total 
height of arboreal, number of oak seedlings, desirable seedlings other than oak, total 
arboreal seedlings, and aggregate of tallest arboreal seedlings per plot 

Factor SE F - value P - Value 

Oak height 506.893 0.300 0.825 

Desirable other than oak height 230.901 0.411 0.749 

Total height 544.763 0.887 0.491 

Oak seedlings 255.142 0.945 0.459 

Desirable other than oak seedlings 73.996 1.220 0.358 

Total seedlings 259.545 1.882 0.203 

Aggregated tallest seedlings 69.541 0.233 0.871 

The overall mean values for aggregate height of oak, desirable species other than 

oak and total height of arboreal seedlings on a per acre basis are found in Table 2. Mean 

values for the number of oak seedlings, desirable seedlings other than oak, and total 

arboreal seedlings on a per acre basis are found in Table 3. 

Table 2 - Mean values per acre for aggregate height oi'oak, desirable species other 
than oak and total arboreal height per acre 

Retention Oak Desirable Species Other Total 
Level(%) Species (ft.) than oak (ft.) Height (ft.) 

0 7687 1687 9399 
15 7497 2327 9843 
30 7077 2208 9307 
45 8526 2683 11209 

Table 3 - Mean values per acre for number of oak seedlings, desirable seedlings 
other than oak, and total arboreal seedlings per acre 

Retention Oak Desirable Species Other Total 
Level(%) Species than oak Height 

0 4116 407 4529 
15 4404 637 5047 
30 4364 609 4983 
45 5470 1004 6474 

37 



As previous studies have shown (Cook et al. 1998), accumulation may not be what limits 

oak regeneration. Recruitment is what will detennine successful regeneration. In order 

to determine if one retention level was more likely to produce seedlings that will become 

dominant in the overstory, tallest seedlings per treatment were analyzed. Currently there 

are no significant differences between treatment means (Table 4). The SE, F, and P 

values for this test can be seen above in Table 3. 

Table 4 - Mean values of the aggregate height of the tallest seedlings per plot by 
treatment on a per acre basis 

Retention Tallest per 
level(%) plot (ft.) 

0 1764 
15 1718 
30 1788 

45 1641 
,, 

Average values on a per acre basis for oak height, height of desirable species other than 

oak, total arboreal height, number of oak seedlings, number of desirable seedlings other 

than oak, and total number of arboreal species (Tables 5 and 6) were plotted by year and 

overstory retention level (Figures 2-7). 

Table 5- Mean aggregate heights per acre (ft/ac), by year for oak seedlings, 
desirable species other than oak, and total arboreal seedlings 

Oak height Desirable other than oak height Total arboreal height 

Year Mean SE Mean SE Mean SE 

2007 7509 551 2643 406 10530 725 
2008 3434 152 708 93 4264 193 
2009 3142 223 652 108 4069 305 

2010 7697 507 2226 231 9939 544 
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Table 6 - Mean number of seedlings per acre (#/ac), by year for oak seedlings, 
desirable species other than oak, and total arboreal seedlings 

Oak Seedlings Desirable Seedlings Other than Oak Total Arboreal Seedlings 

Year Mean 

2007 5401 
2008 4034 
2009 3433 
2010 4588 
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In all tests, the year in which the site was surveyed was significant with the p 

>0.001. For the oak height, 2007 and 2010 were statistically higher (p >0.001) than 2008 

and 2009, which were not statistically different from each other. This same trend was 

also seen for the height of desirable species other than oak and total height of arboreal 

seedlings. For the number of oak seedlings, number of desirable seedlings other than 

oak, and total arboreal seedlings, 2007 had the statistically highest number of seedlings. 

2008 and 2009 had the lowest number of seedlings in all categories, but were not 

statistically different from one another. There was a significant increase in 2010, but the 

level of accumulation was still significantly lower than pre-harvest numbers. 
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DISCUSSION 
The seedling regeneration levels in all plots met the requirements for adequate 

stocking based upon DNR set standards (WI DNR 2006a). When examining stocking 

based upon aggregate height according to the standards described in Steiner et al. (2008), 

all plots were still adequately stocked by oak. According to these standards the 45% 

retention level had the highest stocking value with 54% expected future stocking of oak. 

0, 15, and 30% canopy cover had expected future stocking of oak of 52%, 52%, and 49% 

respectively (Steiner et al. 2008). These results support previous studies (Schwartz and 

Demchik 2012; Mujuri and Demchik 2009a; Weigel and Peng 2002; Weigel and Johnson 

1998; Lynch and Bassett 1987), observing that oak will regenerate very successfully on 

poor quality sites. While not significant, as canopy cover increased there was an increase 

in both the aggregate height of desirable species other than oak and total height of 

arboreal seedlings. This pattern was also true for the number of oak seedlings and 

desirable seedlings other than oak. 

While there is currently no statistical difference between treatments, this may 

change over time as the sites continue to develop. This will determine which, if any, 

have a higher success rate in recruitment. It may be too soon in the regeneration phase to 

determine any differences. Smith et al. (1989) measured seed tree harvest sites five years 

after harvest and found no significant differences from what would be expected in a 

clearcut. This same pattern was noted in regeneration surveys 2-5 years following a 

shelterwood harvest (Johnson et al. 1989a). Therefore, a longer timeframe may be 

necessary in order to determine which treatment will have a greater rate of recruitment of 

oak. 
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However, this may vary per site. Gammon et al. ( 1960), in a study out of 

moderate to high quality oak sites, found that immediately following a clearcut of an oak 

dominated stand, there was a dramatic shift in the stand's composition. Oak had ceased 

to be a dominant component and only occurred in clumps due to seed dispersal and stump 

sprouting. There was a significant amount of rabbit browsing and the oak regeneration 

was nonetheless overtaken by more shade tolerant species. Conversely, Lorimer (1983), 

examined regeneration 8 years following a partial cut in southwestern Wisconsin, found 

that while there is a decrease in the amount of oak regeneration, oak seedlings can 

survive and eventually become dominant within the canopy despite other competing 

species. This same observation was made by Heiligmann et al. (1985) in a study 

examining 28-year-old regeneration under different silvicultural treatments. As the 

amount of overstory was reduced, regeneration size and q1Jantity increased. Oak was still 

a significant component, but not as significant as it was in the original stand, as it was 

outcompeted and quickly ove1iopped by faster growing species. Despite this, if the 

model proposed by Lorimer's 1983 study is correct, as the stand nears rotation age, oak 

will have recaptured a dominant position within the overstory. 

A study looking explicitly at clearcut harvests (Johnson 1976) found that oak was 

once again quickly outcompeted by faster growing, shade intolerant species. An initial 

increase was seen, but this deteriorated as the study progressed until oak was not nearly 

as significant of a component of the stand as it was pre-harvest. Johnson further 

hypothesized that as subsequent generations of the stand progressed, oak would become a 

decreasing component of the overall stand as more competitive and shade tolerant species 
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took over. While this study was conducted in a more nutrient rich region, the results are 

still noteworthy. Even in a drier region, regeneration can benefit from residual overstory. 

One possible explanation for the lack of differences between treatments in this is 

light levels. In a study by Atwood et al. (2009) involving three harvest levels ( clearcut, 

leave-tree (BA= 21 ft2/ac), and shelterwood (BA= 59-51 ft2/ac)), they found no 

differences in light levels between the leave-tree and shelterwood levels of residual trees, 

so harvesting, alone, may not be sufficient to alter the micro-environment for oak 

seedlings to survive. While there were differences in residual densities, these differences 

were not significant enough to alter the light levels reaching the forest floor. 

Unfortunately, light levels were not measured in the current study so longer term studies, 

such as the follow-up for this one, will be needed in order to determine if differing 

retention levels will ultimately result in differences in recruitment. Regardless, oak 

seedlings were still the dominant species found in the regeneration. The lower light 

levels created by higher retention levels could still serve to give oak a higher competitive 

advantage over more shade intolerant species such as red maple or aspen. This would 

provide it sufficient time to reach a height more likely to achieve dominance in the 

canopy as seen in studies by Sander (1971; 1972). 

At this time all canopy covers examined in this study appear to result in 

acceptable regeneration of a site to oak, but this will need to be re-evaluated in the future. 

This observation will allow forest managers to fulfill more goals, both ecological and 

societal, simultaneously. If the landowner desires a greater retention of trees onsite this 

would be a viable option. While the prescription has historically been only 2-3 reserve 

trees per acre, this study demonstrates that it would be possible to increase the amount of 
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reserve trees to any of the levels of retention studied here, and still successfully 

regenerate the site as also noted by Johnson et al. ( 1998) and Smith et al. ( 1989). 

A study by Johnson (1992) indicated that maximum oak regeneration 

accumulation may be achieved at low densities. However, this may not be sufficient 

depending upon site quality. Schlesinger et al. (1993) agreed that through shelterwood 

harvesting (i.e. low-density management) adequate regeneration will develop on lower 

quality sites, higher quality sites may require further understory treatment to remove 

competing species. On the lower quality sites they found no detrimental effects to using 

a shelterwood method. Steiner et al. (2008) stated that while shelterwood harvests can 

promote the growth of advanced regeneration, it may not increase the amount of 

regeneration establishing after harvest. Pre-harvest regeneration may be the key to 

recruitment. If sufficient regeneration is not present prior to harvest, recruitment failure 

may occur. On lower quality sites, particularly the ones used in the cmrent study, oak 

advanced regeneration is typically abundant, rendering this concern moot. A shelterwood 

method with established advanced regeneration would provide oak with a substantial 

competitive advantage over more shade tolerant species. On higher quality sites where 

advanced regeneration is not as abundant, fmiher steps may need to be taken to increase 

the amount of seedlings present. 

Loftis ( 1990a) described advanced regeneration as one of the most impmiant 

factors governing oak. On productive sites, after harvest new seedlings may become 

established, but their probability of becoming dominant or co-dominant is low. Unless 

they have an established root system, they will likely be quickly outcompeted. This is 

issue is not as common on low quality sites were oak retains its competitive advantage, 

46 



but the importance of advanced regeneration should not be underestimated. Sander 

(1972) recommended great care in the timing of both the initial shelterwood cut and the 

final removal to insure that sufficient regeneration has become established. There should 

be adequate advanced regeneration established prior to the initial cut and the final cut 

should not be made until those seedlings/saplings have reached a height of at least 4.5 

feet or greater, depending upon other species present on site (Steiner 2008; Sander 1971 ). 

If this is not established it is likely that the oak regeneration will be quickly overtopped 

by faster growing species and will not re-establish as a dominant component of the 

overstory. 

The timing in harvesting can be crucial to insure that oak remains a dominant 

component in the stand as also demonstrated by Beck and Hooper (1986). They studied 

the development of a stand in the southern Appalachians after clearcutting. In the twenty 

year period they studied the stand it went from 25% dominant red oak (pre-harvest) to 

only four stems per acre. They hypothesized that in order for oak to be competitive on a 

higher quality site it needs to be given an advantage or head staii in the form of stump 

sprouts (an integral regeneration component on poor quality sites) or a significant 

component of established advanced regeneration prior to overstory removal, or it will 

quickly be outcompeted and ove1iopped by faster growing species. Another study out of 

southern Appalachians (Loftis 1990b) examined the use of herbicides to thin from below. 

This successfully eliminated sprouting competitors and reduced basal area sufficiently 

enough that oak advanced regeneration was able to establish and reach a more 

competitive position in the understory. 
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For all categories ofregeneration surveyed there was a significant drop in both 

population and aggregate height per acre post-harvest. This is most likely due to physical 

damage and alteration of the site from the harvesting operation itself. Harvesting 

equipment can have a very large impact on a site. Peairs et al. (2004) noted a strong 

negative correlation between harvesting activities and oak regeneration. Due to the 

intensity of some logging operations this effect can be quite substantial. Peairs et al. 

(2004) showed that some units closer to loading areas suffered greater than 50% losses in 

oak regeneration. While the harvesting operations involved in this project were not as 

intensive as the ones described in this project, regeneration was clearly reduced after 

harvest. 

One possible explanation for the subsequent years of growth/seedling 

accumulation differences is yearly rainfall. 2009 was a rel'atively draughty year 

(Wisconsin State Climatology Office), which would delay the response of all 

regeneration after the disturbance from harvesting. The following year, 2010, was a 

much wetter year allowing for increased growth. Based on observation by the 

researchers alone, some oak seedlings had exhibited at least three flushes by the end of 

summer resulting in a substantial height increase. 

SUMMARY 
There has been a great deal of study in the management of oak. This study 

provides further insight into the effect of overstory retention and the management of oak 

on lower quality sites. While the ctment prescription calls for only 2-3 reserve trees per 

acre, this does not need to be the standard if a higher level of retention is desired for 

wildlife or aesthetic goals. The treatments of 15, 30, and 45% crown retention all 
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provided for acceptable regeneration of oak as a dominant component to this stage of 

regeneration. Some oak advanced regeneration was present prior to harvest and has now 

become even more dominant. There have been some studies on the effectiveness of 

shelterwood harvesting on low quality sites, but results have often been highly variable 

(Miller et al. 2006; Johnson et al. 1998; Larsen and Johnson 1998; Schlesinger et al. 

1993). Currently, it seems as though oak will remain a component of the future stand, 

but depending upon the site, how large a component of the new stand's canopy it will 

occupy may vary. At this stage in stand development, oak seems to persist and grow 

even under higher retention levels, but further study will be necessary to determine 

recruitment into the canopy. 
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INTRODUCTION 
Over the past several decades forest managers have perceived increasing 

difficulty in regenerating oak forests on high quality sites across the nation (Nowacki and 

Abrams 2008; Cook et al. 1998; Beck and Hooper 1986) and specifically in Wisconsin 

(WI DNR 2006b). This has led to a steady decline in the acreage of high-quality oak 

timber across Wisconsin (Perry et al. 2008). On dry, nutrient poor scrub oak sites, this 

reduction in acreage in oak cover type, as well as the regeneration problem, is less 

common (WI DNR 2006b ). The success of regeneration of oak on poor quality sites is 

attributed to a competitive advantage due to oak's moderate shade tolerance (Carvell and 

Tryon 1961 ), deep tap root (Johnson et al. 2002; Crow 1998), and ability to reproduce 

through the use of stump sprouts (Mujuri and Demchik 2009; Johnson et al. 2002; Larsen 

and Johnson 1998). On higher quality sites, oak is rapidly being outcompeted by faster 

growing or shade tolerant species due to the lack of disturbance (Brose et al. 1999). 

Successful regeneration on these sites is frequently enatic. After harvest, many of these 

high-quality sites are converting to either a mix of northern hardwoods or a solid 

understory of either sugar or red maple (WI DNR 2006b ). 

There is a general trend that has been noted that as site quality increases the 

amount and success of oak regeneration decreases (Cook et al. 1998; Beck and Hooper 

1986; Weitzman and Trimble 1957). Unf01tunately, where it is possible to produce high 
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quality timber, regeneration success is highly variable. Where there is oak regeneration 

occuning, most of the seedlings are very small due to their lack of ability to compete 

with other species more adapted to higher quality soils (Chadwell and Buckley 2003). 

Johnson et al. (2002) defined three categories of oak regeneration accumulation: intrinsic, 

ambivalent, and recalcitrant. Intrinsic accumulators are sites that predictably regenerate 

oak with little to no effort. Recalcitrant accumulators are sites where there may have 

been some success of regenerating oak, but often it is expensive, labor intensive, and still 

somewhat unpredictable. For the typical forest manager this is often beyond the reach of 

what is feasible. Ambivalent accumulators are sites that have the potential to regenerate 

oak more predictably at a lower cost than the recalcitrant accumulators. If a system could 

be devised to qualify sites readily into one of these categories it could save forest 

managers a great deal of time, eff01i, and money. The ability to predict the difficulty of 

regeneration from a single factor such as the habitat type classification system (HTCS) 

could be extremely beneficial state-wide. 

The HTCS is used to identify similar sites using climax understory vegetation 

(Kotar et al. 2002; Kotar and Burger 1996). This system is widely used by forest 

managers across Wisconsin. Due to its extensive use and its ease of application, it would 

be very beneficial to be able to use this system as a predictor of the difficulty that will be 

encountered when attempting to regenerate a given oak stand. With intrinsic 

accumulators, regeneration would be relatively easy. With recalcitrant accumulators, 

effo1is to regenerate oak may be met with numerous barriers. The greatest potential for 

success of site treatments to increase oak regeneration exists within the ambivalent 

accumulator category. These are sites where forest managers are having some success in 
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regenerating oak ofreasonable quality. Identification of these sites by a simple factor 

such as habitat type would allow forest managers to invest money in site treatments 

where they have a greater chance of success. 

Cun-ently, no methodology exists to identify sites which are ambivalent 

accumulators. If habitat type proved to be a potential predictor of regeneration 

accumulation, forest managers could quickly and easily make decisions regarding how to 

treat a site using inf01mation that may already exist within their databases. In addition to 

habitat type, this study also examined the relationship between canopy cover and basal 

area to oak regeneration accumulation. 

LITERATURE REVIEW: 
The need to classify forest lands for management purposes is well established 

(Rowe 1981 ). Forest managers need to be able to quickly and easily inventory, compare, 

and make management decisions based upon a reliable system. One common forest 

classification system in Wisconsin is the Habitat Type Classification System (Kotar et al. 

2002; Kotar and Burger 1996). This is used frequently by both the USDA Forest Service 

as well as the WI DNR. A method of determining oak management prescriptions based 

upon this system would be extremely beneficial across much of the state (Kotar 1986). 

ASSUMPTIONS OF HTCS'S 
HTCSs are based upon two main assumptions: 1) common vegetation associations 

represent the "algebraic sum of all environmental factors" (Pfister 1989; Daubenmire 

1976; Daubenmire and Daubenmire 1968), and 2) the climax stage most accurately 

represents a site's productivity (Kotar et al. 2002; Kotar and Burger 1996; Daubenmire 

1976). Overstory species do not need to be in a relatively stable state in order to make 
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habitat typing determinations as the understory will stabilize more quickly than the 

overstory (Pfister 1989). Taking into account these assumptions, a system was developed 

for Wisconsin (Kotar et al. 2002; Kotar and Burger 1996) that could classify forest stands 

quickly based exclusively on indicator species within the understory and the dominant 

overstory species. 

INDICATOR PLANTS AND VEGETATION ASSOCIATIONS 
Daubenmire (1980) described vegetation associations as an "ecological window." 

All species have a range of environmental conditions that they can tolerate. They will 

have optimal conditions, but they can also survive across a range at the extremes. Where 

a particular grouping of indicator plants is found, it represents a unique set of ecological 

conditions in which all of their needs are satisfied to a degree where they can thrive. 

Essentially then, there is only a small "ecological window" where this could apply. This ,, 

vegetation is therefore an expression of the physical environment in that area over time. 

Vegetation is a function of flora, climate, topography, soils, and animals (Pfister 1989). 

Therefore, this set of individuals should only come together where all of these conditions 

are held equal. Johnson et al. (2002) specifically described this window for oak, focusing 

on light and moisture gradients. On moist sites the window is relatively nan-ow and 

widens as sites become drier. On these moist sites moderate light intensities provide the 

best opportunity for the growth and survival of oak seedlings, while limiting shade 

intolerant competitors. These lower light levels are sufficient to inhibit more shade 

intolerant species, but are still sufficient to meet minimum light levels required for oak to 

photosynthesize. As sites become drier, this window becomes broader as oak's 

competitive advantage increases due to its high drought tolerance. 
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Indicator plants have been extremely useful in classification as well as predictors 

of site productivity (Coffman and Hall 1976, La Roi et al. 1988). Typically in order for 

these types of classifications to work they must be applied to a stable and relatively 

undisturbed site (Cook 1996); however, the study by Coffman and Hall (1976) was 

conducted in relatively recently disturbed red pine plantations. It was also noted by 

Rowe (1979); Corns and La Roi (1976); and Archambault et al. (1989); that, despite 

disturbance, the understory vegetation remained similar in composition with only slightly 

altered species abundances. Typically, indicator species are strong competitors and will 

thrive on a very particular type of site (Daubenmire 1976). As a site begins to progresses 

towards a stable state (assumption 2), the strongest competitors will become the dominant 

plants in the system. They will be the individuals remaining after the system has come to 

a relatively stable state. 

CLIMAX COMMUNITY AND UNDERSTORY STABILIZATION 
The second assumption applied in the HTCS is that the climax community is 

more representative of productivity than any other successional state. This dates back to 

the beginnings of successional theory (Clements 1916). The understory recovers more 

quickly than the overstory after disturbance (Pfister, 1989, Pfister and Arno 1980, 

Whittaker 1953). Essentially, after disturbance the understory will return to its climax or 

stable state underneath its commonly associated overstory. While canopy closure may 

take a bit longer, vegetative replacement and stability is re-established relatively quickly 

by comparison. 

CRITICISMS OF HTCS 
There has been a substantial amount of research on this topic with reviews on 

both sides. While it is a very simple system to use there are several notew01ihy criticisms 
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that need to be taken into account when examining the validity of the HTCS (Cook 

1996). Two studies (Archambault et al. 1989; Host and Pregitzer 1991) both 

acknowledge the merit of the system and claimed it worked well in some instances, but in 

some cases was limiting or short-sighted in the information that it included. Both studies 

recommended including soil and physiographic information to decrease the variability 

seen within the system. This high level of variability was noted in a study in north

central Wisconsin by Bakken and Cook (1998). They found a very wide range of 

seedling density per acre within habitat type. They also noted frequent domination by red 

or sugar maple on several habitat types. A study by McCune and Allen (1985) 

recommended that the climax theory as a whole be "applied with caution." This was 

once again due to the significant amount of variability in tree species composition within 

a site type that was present regardless of site differences. l,Jnfortunately, the scope of this 

project was susceptible to this level of variation. One weakness in this study is that it 

examined largely insular communities due to the fragmentation of forestland, which can 

be under very different pressures than those subject to regional environmental pressures, 

but needed to be done for the sake of replication. Deer browsing was used as a covariate 

in analyses in order to reduce some of the apparent variation. 

METHODS: 

SITE SELECTION 
County forest managers from the WI DNR were contacted to find areas suitable 

for this study. Criteria for sites included sites that were at least 50 years old, five acres or 

larger and supported at least 40-50% oak in the overstory. The two main factors 

controlled in this study were habitat type and canopy cover. In discussions with foresters, 
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32 habitat types meeting the criteria were found in 18 counties. Due to the large number 

of responses, nine habitat types were selected that were most widely represented and 

commonly found across the state. Nine habitat types were selected, with two sets being 

combined due to their similarity and proximity. Seven habitat types/categories were then 

surveyed with ten replicates total, five each of open and closed canopy. A site was 

deemed closed canopy if there was greater than 80 square feet of basal area. Due to its 

great presence in this region, sites affected by oak wilt were still permitted as long as, in 

the course of this study, the canopy conditions were not drastically altered. 

The habitat types selected were: AAt (Acer saccharum/Athyriumfilix-femina), 

AQVb-Gr (Acer-Quercus/Viburnum-Geranium variant), ATiFrCi (Acer-Tilia

Fraxinus/Circaea), ArDe (Acer rubrum/Desmodium), ATM (Acer saccharum-Tsuga 

canadensis/Maianthemum canadense), A Vb (Acer sacchdh1m/Viburnum acer(folium), 

AVDe (Acer saccharum/Vaccinium angustifolium Desmodium glutinosum), PEu 

(Pinus/Euphorbia), and PVG (Pinus/Vaccinium-Gaultheria). Due to the mosaic nature 

and similarity of two sets of these habitat types, ATiFrCi and AQVb-Gr were combined 

into one category and PEu and PVG were combined into one category. 

FIELD METHODS 
Upon arrival at each site habitat type was confirmed. A transect was then 

established across the site's longest axis; if necessary, additional parallel transects were 

established 66 ft apart. Along this transect 40 subplots (1/1000th acre; 3. 7 foot radius) 

were recorded at 66 ft intervals. Percent cover of competing vegetation, according to the 

protocol used in Peterson et al. (2007), were recorded first to avoid trampling. 

Competing vegetation was recorded by type: invasive shrub (i.e. buckthorn or 
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honeysuckle), native shrub, Rubus spp., fern, grass, sedge and other herbaceous. 

Following this, the total tree seedlings/saplings (by two foot height classes: 0-2, 2-4, 4-6, 

6-8, 8-10, and 10+ ). Browsing was assessed on all arboreal seedlings by visual 

estimation into five browse intensity levels (0%, 1-25%, 26-50%, 51-75%, and 76-100%) 

and three plot-level density levels (1-10%, 10-50%, and 50-100%). This was recorded at 

every other 111000th acre subplot (a total of 20 per site). This was done according to the 

methodology described in Aldous (1944). This gave an approximation of deer browse 

intensity, although it was only shown to be effective up to 60% utilization. If more than 

60% of the seedling is browsed, the measurement loses its efficacy. The amount of deer 

browse found to be above this constraint was not significant. Finally, percent canopy 

cover, using a spherical densiometer, and basal area, using a 1 0BAF prism, was recorded 

at each subplot center. 

DATA ANALYSIS 
Estimates of aggregate height of advanced regeneration per acre and number of 

seedlings per acre by seedling class ( oak, desirable species other than oak, and total tree 

species) were made at the site level. Aggregate height was dete1mined by summing the 

heights across all subplots by species and combining species totals to obtain total 

aggregate height by seedlings class. To generate the competing vegetation covariate, the 

midpoint of each percent category was used. These values were then averaged by 

vegetation class and summed across all classes to obtain a total competing vegetation 

covariate for each site. To generate the deer browse covariate, a utilization value was 

obtained for each species tallied at each site according to the protocol described by 

Aldous (1944). These were then grouped into three categories (preferred browse species, 
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proportionally used browse species, and low-use browse species) as described by Stole 

and Anderson (1992). Species not found on this list were supplemented by Benner 

(2007). Species, by category, can be found in appendix A. The purpose of this was to 

find the preference category that best represented overall browse pressure on each site. 

Some studies ( e.g. Benner 2007), have proposed using a single species across all sites, 

but this was not feasible as there was not a species common on all 70 sites. For this 

reason, browse categories were formed. Some sites did not have vegetation in one or 

more of the categories, which would have left that site without a browse index; therefore, 

the values for prefen-ed browse species and propo1iionally used browsed species were 

combined to create a more normal distribution and generate a total browse index at each 

site. 

Data were analyzed using the Minitab 15 statisticai package. A factorial 

ANCOV A was performed with a= 0.10. The model for this design is: 

i = AAt, AQVb-Gr/ATiFrCi, ArDe, ATM, A Vb, AVDe, and PEu/PVG 

j = Stocking level: full or closed 
I 

k = 1, 2, ... , 10 (replicate site) 

y = Aggregate height for site k found under stocking level j in habitat type i 

µ Mean aggregate height across all habitat types 

ai = Effect of habitat type i 

Bj = Effect of stocking level j 

( aB)ij = Interaction between habitat type i and stocking level j 

X = Covariate for deer browsing intensity 
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aiX Interaction between habitat type i and deer browse covariate 

~jX Interaction between stocking level j and deer browse covariate 

(a~)ijX = Error term associated with interaction of habitat type i and stocking level j and 
deer browse covariate 

eijk = Enor te1m associated with site k found under stocking level j in habitat type i 

The main factors were habitat type and overstory stocking level. Deer browse and 

competing vegetation were negatively correlated. Initial data testing determined that the 

covariates of deer browse intensity and competing vegetation were negatively conelated 

(p =0.002, r = -0.371). As competing vegetation included arboreal species and could not 

be used as a covariate to test the relationship of desirable species other than oak, deer 

browse intensity was chosen as the sole covariate for all statistical tests. This will 

account for the potentially large variation from site to site due to the impact from deer. ,, 

An ANCOVA model with Tukey's stepwise comparisons was used to test oak height and 

oak seedlings against habitat type, canopy level ( open or full) and site index. The 

intention was to use the results to categorize the habitat types into the level of 

accumulation ofregeneration as described by Johnson et al. (2002); however, this was 

not feasible once final analysis was completed, as all but one of the habitat 

types/categories appeared to accumulate oak seedlings to relatively high levels. 

RESULTS 
All habitat types with one exception (AAt) were sufficiently stocked with oak seedlings 

according to standard DNR guidelines (WI DNR 2006a); see Table 1. All habitat types 

were sufficiently stocked when desirable seedlings other than oak were taken into 
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account also. AAt also had the lowest aggregate oak height per acre, with some variation 

seen between the other habitat types (Table 2). 
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Table 1 - Average values for total number of seedlings per acre (#/ac) for oak, other desirable species, and total arboreal 
species sorted by habitat type and canopy cover. 

Avg. oak Avg. desirable Avg total 
seedlings Min Max seedlings Min Max seedlings Min Max 

AAt 430 50 1050 4352.5 2550 7950 5545 3875 8750 
Full 470 50 1050 4155 2550 7950 5170 3875 8750 

Open 390 200 900 4550 3025 6950 5920 4425 8650 
AQVb-Gr/ ATiFrCi 5642.5 2000 9225 3812.5 1275 6525 10785 4525 17150 

Full 5425 2000 9225 4105 2600 5875 11620 7025 17150 
Open 5860 2250 8500 3520 1275 6525 9950 4525 15800 

ArDe 4940 950 9575 1692.5 500 4500 7152.5 3325 13250 
Full 3680 950 5650 1915 1075 4500 6395 3325 13250 

Open 6200 3200 9575 1470 500 3550 7910 6275 10550 
ATM 2155 650 4650 3712.5 1800 6500 6350 4650 10700 

Full 1370 650 2800 4145 3150 6000 5980 4700 7200 
Open 2940 1300 4650 3280 1800 6500 6720 4650 10700 

Avb 2495 1100 4500 5300 2900 10125 8767.5 6300 12675 
Full 2095 1100 4500 6685 .t 3825 10125 10130 7525 12675 

Open 2895 2200 3725 3915 2900 5100 7405 6300 8325 
AVDe 1882.5 125 4025 4832.5 1825 11250 7722.5 3400 12700 

Full 860 125 1925 6645 2425 11250 8645 5175 12700 
Open 2905 650 4025 3020 1825 4325 6800 3400 8450 

PVG/PEu 4837.5 2525 7900 3020 1125 7150 8342.5 5175 11625 
Full 4800 3400 7900 2850 1825 5325 7965 6625 9850 

Open 4875 2525 7875 3190 1125 7150 8720 5175 11625 

66 



Table 2 - Average values for total regeneration height per acre (ft/ac) for oak, other desirable species, and total arboreal 
species sorted by habitat type and canopy cover. 

Avg. oak ht Min Max Avg. desirable ht Min Max Avg total ht Min Max 

AAt 550 50 1300 7562.5 4100 15450 10110 5300 20650 
Full 570 50 1300 6265 4100 11400 7850 5300 12750 

Open 530 300 1150 8860 5625 15450 12370 8625 20650 

AQVb-Gr/ ATiFrCi 7577.5 2300 11400 9742.5 2550 19325 19410 10275 32400 
Full 6265 2300 10025 8815 3525 17975 18130 10475 28000 

Open 8890 2900 11400 10670 2550 19325 20690 10275 32400 
ArDe 7565 1750 17675 4717.5 2000 8250 13167.5 9225 22150 

Full 5270 1750 6600 5165 2575 8250 11805 9225 17250 
Open 9860 3350 17675 4270 2000 8200 14530 11325 22150 

ATM 3925 900 8200 7782.5 3100 16700 12630 6100 22100 
Full 2990 900 8200 8825 4800 16700 12740 6100 18200 

Open 4860 1700 7600 6740 3100 14500 12520 7700 22100 
Avb 4875 2400 8925 16105 6800 25325 23157.5 13400 34100 

Full 3495 2400 7100 16625 .• 11725 25325 23230 16425 33075 
Open 6255 3800 8925 15585 6800 24900 23085 13400 34100 

AVDe 2635 125 6075 10042.5 3100 26350 15565 9750 28250 
Full 990 125 2425 14435 6325 26350 19135 11825 28250 

Open 4280 750 6075 5650 3100 7375 11995 9750 14725 
PVG/PEu 6907.5 3025 21425 7915 1875 20350 15537.5 6825 31475 

Full 5300 3400 8600 7860 1875 18875 13595 6825 24775 
Open 8515 3025 21425 7970 2225 20350 17480 7575 31475 
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Deer browse intensity (p = 0.04), habitat type (p 0.007), and canopy level (p = 0.013) 

were all significant for oak height per acre. The habitat type AAt had the lowest oak 

height per acre of all habitat types while AQVb-Gr/ A TiFrCi and ArDe had the 

statistically highest (Figure 1). Similarly, deer browse intensity (p = 0.037), habitat type 

(p = >0.001), and canopy level (p = 0.017) all significantly impacted the number of oak 

seedlings per acre (Figure 2). AAt, while still having the lowest accumulation of oak 

seedlings, was not statistically lower than A VDe or ATM. AQVb-Gr/ ATiFrCi 

accumulated the highest amount of oak seedlings, although it was not statistically 

significantly greater than PVG/PEu or ArDe. 
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Figure 1 - Average oak heights (ft/ac) achieved by habitat types/categories AAt, 
AVDe, ATM, Avb, PVG/PEu, ArDe and AQVb-Gr/ATiFrCi in central and northern 
Wisconsin 

*Letters above bars correspond to statistically significant comparisons. Bars with 
the same letter above are not statistically significantly different. 
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When total height of arboreal seedlings was tested, the sites with lower levels of canopy 

cover had significantly greater total height of arboreal regeneration (p = 0.09); however, 

habitat type did not have a significant impact on total height of arboreal seedlings. 
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Figure 2 - Average oak seedlings (#/ac) accumulated by habitat types/categories 
AAt, AVDe, ATM, Avb, PVG/PEu, ArDe and AQVb-Gr/ATiFrCi in central and 
northern Wisconsin 

*Letters above bars correspond to statistically significant comparisons. Bars with 
the same letter above are not statistically significantly different. 

None of the tested factors had a significant impact on the desirable species other than oak 

height growth or number of seedlings. Habitat type significantly impacted the total 

number of arboreal seedlings (p 0.055). When Tukey's stepwise comparison was 

performed it was shown that AAt accumulated the fewest number of seedlings, while 

AQVb-Gr/ ATiFrCi had the greatest accumulation. 
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Figure 3 - Average total seedlings (#/ac) accumulated by habitat types/categories 
AAt, AVDe, ATM, Avb, PVG/PEu, ArDe and AQVb-Gr/ATiFrCi in central and 
northern Wisconsin 

*Letters above bars correspond to statistically significant comparisons. Bars with 
the same letter above are not statistically significantly different. 

Site index was not a significant factor in any ANCOV A performed, but did explain 

additional variation that habitat type and canopy level did not. Regression was performed 

to examine the direct relationship between oak height and number of oak seedlings and 

site index, percent cover, and basal area. Site index was not a significant factor for 

explaining total oak seedling height per acre (p = 0.201, coef. = -62.39), but did exhibit a 

significant negative relationship for the number of oak seedlings (p = 0.029, coef. = -

64.13). Percent canopy cover and basal area both had negative relationships with both 

oak height (p = 0.002, coef. -67.76 and p = 0.001, coef =-43.03 respectively) and oak 

seedlings (p = 0.006, coef. = -36.77 and p = 0.013, coef. -20.06 respectively). 
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Browsing had a statistically significant impact on both oak height and the number of oak 

seedlings (p = 0.041, coef. -57.97 and p 0.046, coef. = -35.97 respectively). 

DISCUSSION 

DEER BROWSING 
Competing vegetation and deer browsing were negatively correlated indicating 

that as deer browsing pressure increased, competing vegetation decreased. Deer have 

been shown by previous research (Waller and Alverson 1997; Rooney and Waller 2003) 

to reduce regeneration, so this result is not surprising. This correlation, however, reduced 

our ability to use competing vegetation as a covariate in the analysis. The r2 value was 

also much higher for the deer covariate than the competing vegetation covariate (12.6% 

versus 4%). Oak regeneration was negatively affected by deer browsing with sites with 

higher browsing pressure having both reduced aggregate oak height and number of oak 

seedlings. This impact is not a surprise, as oak is considered to be a preferred browse 

species for deer (Strole and Anderson 1992; Hammerstrom and Blake 1939) and deer 

browsing is considered to be one of the main factors reducing the success of oak 

regeneration in Wisconsin (WI DNR 2006b ). However, oak seedlings growing on 

certain habitat types may be less susceptible to this problem, as deer browsing pressure 

was quite significant on habitat types such as AQVb-Gr/ATiFrCi, where some the highest 

oak numbers were seen. McEwan et al. (2011) examined a variety of other factors that 

may be limiting oak regeneration including: climate change, land-use change, loss of 

foundation and keystone species, and herbivore populations. They found that the 

problem may not be due to simply one or two factors, but a host of alterations that have 

occtmed in the last century, both natural and anthropogenic. While deer may be a 
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significant impediment in some areas, other factors may be the cause or a contributing 

factor to the regeneration failure on other sites. On many of the higher quality sites, an 

altered disturbance regime ( e.g. fire suppression) may be the cause of recruitment 

failures. On lower quality sites where oak already maintains a large competitive 

advantage over other species (Johnson et al. 2002); these seedlings are more likely to 

survive heavy levels of deer browse. On higher quality sites, where the natural 

competitive advantage is lost, browsing may put oak at a further disadvantage causing 

lower accumulation of oak regeneration. 

COMPETING VEGETATION 
Competing vegetation was positively correlated with both oak height and number 

. of oak seedlings. This seems counterintuitive and there seem to be two plausible 

explanations for this relationship. It could be that there is an indirect effect because ,, 

lower levels of deer browse were negatively con-elated with both oak height and number 

of seedlings and competing vegetation was negatively correlated with deer browse. More 

likely, competing vegetation has a protective effect on oak seedlings. With more 

vegetation available this not only provides a wider selection, (both species abundance and 

density), for browsing, but may also physically protect seedlings (e.g. blackberry). A 

study by Buckley et al. (1998) in northern lower Michigan found that while competitor 

removal increased growth of planted seedlings, it also increased browse and frost 

damage. While competition may slow growth, it does serve to protect oak seedlings from 

deer browse, which can be an even greater impediment to regeneration success. In this 

study, competing vegetation explained very little of the variation seen between sites (r2 = 

4%). This fact combined, combined with the relative abundance of oak regeneration on 
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the majority of sites indicates that competition is not a factor when examining oak 

regeneration establishment. Fmiher study could be conducted to determine if it will be a 

factor in recruitment. 

SITE INDEX 
While site index was not a significant factor in the ANCOVA for aggregate oak 

height per acre, it was significant for number of oak seedlings per acre. As site index 

increased the amount of oak seedlings decreased. This was also seen in studies 

conducted by Steiner et al. (2008), Chadwell and Buckley (2003), and Crow (1988). Oak 

have a much higher competitive advantage on poorer quality sites due to their natural 

adaptations (Johnson et al. 2002). However, number of seedlings is not necessarily the 

governing factor in whether oak regeneration will succeed. Ultimately, recruitment into 

the overstory is what will truly determine successful regeneration (Larsen and Johnson 
,, 

1998). Cook et al. (1998) in a literature review in the southern Appalachians noted that 

the amount of regeneration is not typically the issue in oak regeneration failures, but the 

eventual recruitment of those seedlings into the overstory. The success of recruitment 

will rely on a forest manager's ability to determine what a particular site requires. On 

poorer quality sites with abundant regeneration this may be a simple solution (Perry et al. 

2008; Sander et al. 1976; Sander and Clark 1971), but more extensive 

planning/preparation (Steiner et al. 2008; Larsen and Johnson 1998; Cook et al. 1998) 

may be necessary on higher quality sites, where adequate seedling regeneration is 

present. Complexity of the silvicultural system may have to increase ( e.g. site 

preparation (chemical or mechanical), prescribed burn, supplemental planting, etc.), due 

to the fact that on these more mesic, nutrient rich sites, oak loses the competitive 

73 



advantage that makes it so successful on dry, nutrient poor sites (Beck and Hooper 1986; 

Sander and Clark 1971; Carvel and Tryon 1961; Sander et al. 1976). 

CANOPY COVER/ STAND DENSITY 
Measured canopy cover and basal area both had a significant negative impact on 

both the height and number of oak seedlings, but the slope of the line was not as steep for 

basal area as for that of canopy cover. This is likely because canopy cover recovers more 

quickly after disturbance than basal area. With the exception of AAt, all habitat types 

with less than full canopy stocking had greater numbers and aggregate height of oak 

seedlings than sites with full canopy stocking. Increasing the light level at the forest 

floor, which is impacted more by canopy cover, will produce increase growth rates in 

established advanced regeneration. In addition, the increased light level will encourage 

subsequent acorn crops to establish. This may be especially significant in timing a ,, 

harvest with bumper acorn crop years. 

HABITAT TYPE 
While there were some differences between habitat types in total number of 

arboreal seedlings, the biggest difference occurred specifically in the height growth and 

accumulation of oak seedlings. All habitat types, except for AAt, met the guideline for 

adequate restocking of oak seedlings (WI DNR 2006a), but some habitat types seem to 

result in better accumulation of oak seedlings. This observation could be due to regional 

differences in where these habitat types occur. PVG/PEu, ArDe, and AQVb-Gr/ATiFrCi 

(the highest for both height and number of oak seedlings) all occur in central Wisconsin, 

where sites with oak are often dry to dry/mesic and oak retains its competitive advantage 

(Johnson 2002; Abrams 1988; Curtis 1959). The other four habitat types, which are 

typically found in the more no1ihern p01iion of the state, tend to occur on more nutrient 
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rich, mesic to wet/mesic sites. On these sites they may be subject to higher competition 

from either more shade tolerant or just faster growing species that are more adapted to 

nutrient rich sites. Many of these sites may be undergoing what Nowacki and Abrams 

(2008) have titled "mesophication", in which through fire suppression, many shade 

tolerant species and non-fire adapted species are gaining competitive advantage over the 

mid-tolerant, fire adapted oak. This could be why maple and ash are an increasing 

presence in once oak dominated forestland. Both of these species were found 

consistently in this study with competitive numbers to those of oak. While this cannot be 

the sole reason for the replacement of oak with species like maple as (McEwan et al. 

2011 ), it is certainly a substantial factor. 

When examining the aggregate height of oaks according to the stocking 

guidelines by Steiner et al. (2008), only two habitat types/categories met adequate 

stocking levels (ArDe and AQVb-Gr/ ATiFrCi) with future stocking of oak expected to be 

52%. PVG/PEu was very close to the 50% required stocking value with future stocking 

expected to be 49%. These numbers, however, do not take into account the contribution 

of stump sprouts after harvest, which can drastically increase the expected future 

stocking, due to the high sprouting probability of oaks in this region (Schwartz and 

Demchik 2012; Mujuri and Demchik 2009; Lynch and Bassett 1987). While the study by 

Steiner et al. (2008) was conducted in the central Appalachians, these values still provide 

a reference point for comparison. Depending upon the level of sprouting, other species 

present and type of harvest performed, A VDe, A TM, and A vb (higher quality sites) may 

be able to provide adequate regeneration of oak. Without a significant contribution from 
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stump sprouts, AAt, will most likely not regenerate to oak without further silvicultural 

treatment. 

Ultimately, success for an oak stand is recruitment of oak into the overstory; 

however, in order for these oak to recruit, they must first stmi as a seedling and move 

through the various growth stages. For most habitat types, it appears that there are 

sufficient seedlings. One of the most important pre-harvest factors to consider is ifthere 

is sufficient advanced regeneration present to respond to post-harvest release. If oak is to 

succeed, there must be a significant amount of advanced regeneration to be competitive 

with other faster growing species such as red maple or aspen (Steiner et al. 2008, Sander 

1972, Sander 1971 ). Cook et al. (1998) found that if this requirement is not met on 

higher quality sites, and no other treatments are applied to fu1iher aid oak seedlings, a 50-

75% decrease may be seen in oak overstory in the future stand. All of these studies agree 

that in order for oak to be successful, there first needs to be significant advanced 

regeneration built up in the understory. 

SUMMARY 
The main goal of this study was to categorize habitat types into 3 separate 

categories: intrinsic, ambivalent, and recalcitrant. However, in view of what we have 

found, this may not be the appropriate question. It appears that the majority of sites 

actually have adequate numbers of oak seedlings (with the exception of AAt). The lack 

of successful recruitment of high quality oak sites, at least for the habitat types that we 

surveyed, does not appear to be an advance regeneration barrier. There are a number of 

other possible barriers, as well as the interaction of these barriers. There are many factors 

that govern the establishment of oak seedlings and even more that will determine if it 
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transitions from a seedling to a dominant tree in the overstory. Depending upon the site, 

many conditions have to come together in order for a seedling to be successful. 

Within the habitat types surveyed, which represent the ones most frequently 

mentioned by DNR foresters as having 50% or more oak cover, the majority of habitat 

types were quite similar in presence of oak advance regeneration. As noted by Cook et 

al. (1998) in their study in the southern Appalachians, accumulating oak regeneration is 

often not the problem. Of the habitat types surveyed, there was only one that did not 

meet sufficient stocking levels of oak according to DNR standards (WI DNR 2006a). 

AAt did not accumulate sufficient oak regeneration under a full canopy and had even 

fewer oak seedlings under conditions with less than full stocking. This may qualify this 

site as a recalcitrant accumulator, but at this time, that label cannot be applied. For this 

habitat type, shelterwood alone may not be sufficient and 'additional site treatments such 

as under-planting may be necessary in order to promote advanced regeneration. It does 

not naturally develop the amount of advance regeneration under full overstory which is 

required for a shelterwood to be successful. Without some other form of site preparation, 

release treatment, or seedling supplementation, shelterwood would not be a viable option. 

The other six habitat types at this point meet adequate stocking levels for oak and have 

ample advanced regeneration in stands with less than full overstory stocking (and usually 

even under conditions with full overstory stocking). Accumulation of seedlings does not 

appear to be the issue in the regeneration of future oak stands. Across a wide site quality 

gradient, almost all sites were able to successfully stock with oak seedlings. While some 

differences were apparent between habitat types, all habitat types (except AAt) were still 

fully stocked. Therefore, stocking does not appear to be what will separate sites in the 

77 



future. All factors (ecological, societal, and economical) need to be considered when 

regeneration harvesting begins. On sites where oak has a large competitive advantage, 

little effmi may be needed in order to recruit a seedling into the overstory (Mujuri and 

Demchik 2009; Larsen and Johnson 1998; Lynch and Bassett 1987); however, on sites 

where competition from more adapted species is present, alternative silvicultural methods 

or more rigorous site preparation and/or release treatments may be required in order to 

insure the future of oak within the stand. 
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APPENDIX A - Browse Preference Categories 
Preferred Browse Species 

Oaks spp 
Aspen, spp 
Ash, spp 
Hickory 
Basswood 

Prop01iionally Used Browse 
Species 

Service berry 
Red Maple 
American Elm 
Eastern Hemlock 
Black Chen-y 
Scotch Pine 
Horsechestnut 
Jack Pine 

Low Use Browse Species 

Musclewood 
Ironwood 
Pin CheITy 
White Pine 
Red Pine 
White Spruce 
Sugar Maple 
Paper Birch 
Prickly Ash 
Choke Cherry 
Balsam Fir 
Mountain Ash 
Willow 
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APPENDIX B - Chapter 1 Data 
MV826 

· ... 

OB ··-•<"•• Diameter ':~ ·•····· .··. lit'··· 
10.5 y 11 

7.4 y 4 

13.8 y 9 

5.5 y 6 
5.6 y 6 

5 y 7 

8.6 y 9 
12.7 y 5 
12.2 y 11 

9.5 y 4 
7.9 y 6 

11.2 y 11 

7.8 y 9 

18.2 y 9 

8 y 11 

6.5 y 13 

13.4 y 11 

19.1 y 8 
12.9 y 13 
6.7 y 13 

10 y 13 

12.8 y 4 
14.4 y 2 

8.1 y 13 
10.9 y 12 

1.8 y 2 

4.6 y 8 

14.5 y 18 

11.8 y 18 
8.2 y 9 

15.7 y 8 

10.4 y 6 

6 y 10 

8.6 y 4 
1.3 y 2 
5.5 y 2 

J •·.~t > 
. ij.rQ~$e 

0 

26 

0 

51 

0 

26 

26 

76 

26 

51 

26 

26 

26 

26 

0 

0 

26 

0 

26 

26 

51 

51 

76 

26 

26 

76 

26 

51 

51 

26 

26 

0 

51 

76 

51 

0 
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11.5 y 14 26 

5.2 y 14 26 

8.3 y 14 26 

14.1 y 5 26 

5.7 y 7 26 

5.3 y 8 0 

16 y 9 26 

15.1 y 8 0 

7.1 y 10 0 

11.8 y 10 51 

11 y 9 26 

12.2 y 10 76 

8.6 y 9 26 

MV855 

OB Bomihant %····•··•··· 
Diameter ~pr9ute~ Ht . Browse 

5.5 y 5 0 

15.8 y 7 0 

5.7 y 6 0 

5.7 y 8 0 

7.2 y 8 0 

2.4 y 6 0 

8.6 y 8 0 

12.2 y 3 26 

9.4 y 6 0 

1.6 y 6 0 

15 y 4 0 

14.4 y 9 0 

14.9 y 7 0 

7.4 y 3 26 

12.5 y 4 0 

5.3 y 6 0 

12.4 y 5 0 

13.7 y 10 0 

13 y 9 0 

9.1 y 9 0 

6.9 y 6 0 

12 y 8 0 

6.3 y 4 26 
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14.7 y 

2 y 

10.9 y 

4.5 y 

9.6 y 

9.1 y 

12.8 y 

11.1 y 

11.3 y 

11.1 y 

2 y 

2.5 y 

6 y 

7.6 y 

11.5 y 

2.6 y 

14.8 y 

12.8 y 

7.36 y 

5.8 y 

4.1 y 

7.2 y 

10.9 y 

7.7 y 

3.7 y 

5.5 y 

12.9 y 

7.4 y 

2.3 y 

11.6 y 

8.1 y 

11.3 y 

15.4 y 

5.5 y 

3 y 

2 y 

8 y 

13.7 y 

11 y 

3.6 y 

8.2 y 

9 

6 

5 

6 

6 

10 

6 

5 

7 

9 

5 

7 

8 

9 

6 

7 

9 

6 

9 

8 

7 

3 

9 

7 

5 

8 

4 

6 

4 

9 

7 

8 

3 

3 

5 

3 

7 

10 

10 

6 

9 

0 

26 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

26 

26 

0 

26 

0 

0 

0 

0 

26 

51 

0 

26 

26 

26 

0 

0 

0 

0 

0 

0 

0 

0 

0 

26 

0 

26 

26 

51 

26 
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3.8 y 4 0 

2.3 y 4 0 

15.2 y 10 51 

12.4 y 8 26 

5.4 y 9 0 

6.9 y 9 0 

11.2 y 7 0 

18.5 y 11 0 

11 y 9 0 

16.9 y 11 0 

7.3 y 9 0 

5.2 y 9 0 

5.9 y 5 0 

7.3 y 8 26 

14.7 y 6 0 

9.2 y 6 0 

12.6 y 9 26 

10.4 y 6 0 

9.7 y 6 0 

13.8 y 9 0 

7.6 y 8 0 

14.4 y 10 26 

4.6 y 7 26 

10.8 y 11 51 

14.6 y 8 0 

13.4 y 9 0 

2.9 y 10 0 

12.1 y 8 26 

18.3 y 4 76 

13.6 y 7 0 

SH105 

OB Dominant % 
Diameter Sprouted Ht Browse . 

6.2 y 10 51 

9.2 y 12 51 

9.7 y 10 26 

5.3 y 6 51 

6.1 y 8 0 

3.6 y 10 76 
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8.9 y 3 76 

19 y 17 51 

9.3 y 8 51 

8.1 y 13 51 

5.1 y 13 51 

4.8 y 8 76 

10.7 y 3 76 

4.2 y 8 76 

5 y 5 26 

5.6 y 3 26 

6.1 y 4 76 

10.1 y 14 76 

7.9 y 13 51 

9.5 y 10 51 

1.8 y 3 51 

10.2 y 4 26 

5.8 y 9 26 

1 y 6 0 

2.5 y 6 26 

9.7 y 9 51 

2.5 y 7 51 

4.1 y 7 26 

2.5 y 6 26 

2.6 y 5 26 

7.6 y 12 51 

4.4 y 4 26 

3.5 y 4 26 

3.9 y 5 26 

2.1 y 2 26 

3.4 y 5 51 

2.6 y 3 26 

2.4 y 5 26 

6.1 y 7 26 

9.2 y 16 26 

5.2 y 12 51 

3.1 y 8 0 

2 y 4 26 

2.1 y 4 26 

11.6 y 8 51 

6 .. 1 y 5 51 
8.1 y 13 26 
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5.5 y 14 26 

7.2 y 12 26 

8 y 15 26 

2.3 y 5 51 

5.5 y 8 51 

12.4 y 12 26 

6.4 y 12 26 

6.2 y 16 26 

3.4 y 9 0 

6.8 y 9 0 

12.3 y 5 0 

8 y 7 0 

6.6 y 5 0 

6.8 y 13 51 

7.9 y 9 76 

1 y 4 76 

1.2 y 4 51 

2 y 2 0 

1.5 y 5 51 

8.4 y 11 51 

6 y 11 76 

1.7 y 7 51 

5.6 y 11 51 

1.9 y 8 26 

2.5 y 5 0 

1.7 y 6 51 

7.8 y 11 76 

12.9 y 6 51 

10.2 y 12 51 

1.9 y 4 51 

5.8 y 9 51 

1.9 y 4 26 

4.1 y 10 51 

11.5 y 8 26 

4.7 y 6 26 
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Qe···.·.·. , .. lcj2j,; ~ \ . Dominant .. !:%i .•.••• 01arn~tE?f .· .. ' . ·., .. . ..> .C.•·•··· 
I·,· -- ,··.J:-.: •• i ·T' . _-_· .. .. ·· Ht ·• ·-<:-7".-,·-~-·/7'".':"'.c'i-:"'" 

1 y 5 0 

1 y 2 0 

9.3 y 3 51 

7.7 y 11 0 

2 y 6 0 

2.2 y 10 26 

3.45 y 9 0 

1.5 y 10 0 

1 y 8 0 

8.4 y 7 0 

1 y 5 0 

5.5 y 8 0 

1 y 7 0 

19.4 y 7 0 

3.3 y 6 0 

2.4 y 7 0 

1.5 y 3 0 

1 y 6 0 

1.2 y 6 0 

6.2 y 7 0 

12.1 y 9 0 

29.5 y 11 0 

19.2 y 7 0 

2.3 y 4 0 

2 y 4 0 

4.2 y 3 26 

15.8 y 6 0 

11.9 y 8 0 

18.3 y 8 0 

32.2 y 7 0 

7.3 y 4 0 

15.6 y 12 26 

16.5 y 8 26 

3.1 y 7 0 

3.5 y 10 0 

6.2 y 9 0 

3.1 y 8 26 

2.2 y 5 26 
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5.4 y 7 0 

5.3 y 6 26 

20.7 y 6 26 

4.1 y 9 0 

1.9 y 9 0 

18.3 y 7 0 

25 y 11 0 

15.4 y 6 0 

1.5 y 5 0 

24.6 y 7 0 

22.7 y 10 26 

3.8 y 5 0 

9.2 y 9 0 

7.4 y 8 0 

25.5 y 8 0 

2.3 y 4 0 

4.7 y 5 0 

1.3 y 8 26 

3.4 y 6 0 

2.4 y 6 0 

16.5 y 7 0 

1.1 y 6 26 

3.2 y 6 26 

10.1 y 11 51 

20.8 y 9 26 

1.4 y 7 0 

3.5 y 8 26 

5.6 y 3 0 

15.6 y 6 0 

12.1 y 8 0 

18.1 y 8 0 

23.1 y 8 0 

22.9 y 9 0 

3.7 y 4 0 

2.1 y 5 0 

4.5 y 4 0 

5.1 y 5 0 

2.3 y 5 0 

1.2 y 6 0 

2 y 5 0 

2.2 y 8 0 
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4.6 y 7 51 

6.1 y 8 26 

3.6 y 7 0 

9.6 y 12 26 

6.5 y 9 26 

2.3 y 7 26 

1.9 y 7 26 

1.4 y 4 0 

2.1 y 5 0 

7.2 y 9 26 

3.2 y 3 26 
18.9 y 11 0 

18.2 y 10 0 
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APPEND IX C - Chapter 2 Data 
2010 

Aggregate Height/ Acre 

Block Canopy 
Oak Desirable Other 

cover 

GWW 0 6615 845 0 

GWW 0 5513 698 0 

GWW 0 3712 625 0 

GWE 0 8489 2793 0 

GWE 0 3455 6946 0 

GWE 0 3822 2830 0 

GWS 0 21646 625 294 

GWS 0 7203 1544 0 

GWS 0 8195 625 0 

Kmiz 0 4043 331 0 

Kmiz 0 13230 1691 0 

Ku1iz 0 6321 698 0 

Emmons 0 6762 1838 735 

Emmons 0 478 6358 12899 

Emmons 0 588 5954 2977 

GWW 15 3308 294 0 

GWW 15 3381 1066 0 

GWW 15 10180 956 0 

GWE 15 13598 2058 0 

GWE 15 9518 2683 0 

GWE 15 8122 3050 0 

GWS 15 8820 10180 0 

GWS 15 2021 4263 0 

GWS 15 13892 2095 221 

Kurtz 15 4190 735 0 

Kurtz 15 3565 184 0 

Kmiz 15 9371 368 0 

Emmons 15 2609 5623 184 

Emmons 15 8342 2793 331 

Emmons 15 4484 882 0 

GWW 30 6872 2756 0 

GWW 30 6248 441 0 

GWW 30 1985 1580 0 

GWE 30 6799 4116 0 

GWE 30 5733 1544 0 

GWE 30 5549 1397 0 
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Number/ Acre 

total 
Oak Desirable Other 

Total 
height seedlings 

7460 3602 257 0 3859 

6211 2646 184 0 2830 

4337 2021 I 10 0 2132 

11282 4741 515 0 5255 

10400 2132 1507 0 3638 

6652 2205 551 0 2756 

22565 10841 110 74 11025 

8747 4778 368 0 5145 

8820 4079 184 0 4263 

4373 1985 110 0 2095 

14921 6542 588 0 7130 

7019 3822 404 0 4226 

9335 2940 515 147 3602 

19735 184 1360 2389 3932 

9518 221 1103 551 1874 

3602 2352 74 0 2426 

4447 2646 257 0 2903 

11135 4594 147 0 4741 

15656 9114 588 0 9702 

12201 5990 845 0 6836 

11172 4741 845 0 5586 

19000 4116 2389 0 6505 

6284 1286 1397 0 2683 

16207 7791 478 74 8342 

4925 2573 441 0 3014 

3749 2168 110 0 2279 

9739 5476 74 0 5549 

8416 1580 1066 37 2683 

11466 3491 588 110 4190 

5366 2205 294 0 2499 

9629 4520 551 0 5072 

6689 3308 74 0 3381 

3565 1617 257 0 1874 

10915 5035 1250 0 6284 

7277 3896 368 0 4263 

6946 3712 662 0 4373 



GWS 30 12091 4263 0 16354 6284 882 0 7166 

GWS 30 10694 3565 257 14516 6284 698 110 7093 

GWS 30 6542 3455 0 9996 4484 809 0 5292 

Kurtz 30 7387 368 0 7754 3932 221 0 4153 

Kmtz 30 6468 441 0 6909 3969 221 0 4190 

Kurtz 30 8563 2573 0 11135 5329 1323 0 6652 

Emmons 30 2536 1764 1103 5402 1580 515 221 2315 

Emmons 30 3455 4998 1066 9518 1176 956 184 2315 

Emmons 30 4888 5660 0 10547 1580 I 103 0 2683 

GWW 45 11319 441 0 11760 6689 147 0 6836 

GWW 45 11209 1029 0 12238 5917 294 0 6211 

GWW 45 9004 588 0 9592 4888 147 0 5035 

GWE 45 4300 4814 0 9114 3418 1066 0 4484 

GWE 45 5329 1985 0 7313 4300 441 0 4741 

GWE 45 7975 2058 0 10033 5035 588 0 5623 

GWS 45 11246 643 I 0 17677 7497 2977 0 10474 

GWS 45 11466 2279 0 13745 7350 735 0 8085 

GWS 45 9849 7203 0 17052 6909 3087 0 9996 

Kurtz 45 4925 2426 0 7350 3455 1103 0 4557 

Kurtz 45 5807 478 0 6284 4190 257 0 4447 

Kurtz 45 9886 2462 0 12348 ,, 5990 1213 0 7203 

Emmons 45 4226 1985 331 6542 2168 515 184 2867 

Emmons 45 4484 13304 404 18191 1250 2389 257 3896 

Emmons 45 8673 5917 0 14590 3381 1360 0 4741 
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2009 

Aggregate Height/ Acre Number/ Acre 

Block 
Canopy 

Oak Desirable Total Height Oak Desirable Total Seedlings 
Cover 

GWS 0 3369 221 3687 4300 159 4508 

GWE 0 2438 539 2989 2867 380 3259 

GWW 0 2254 245 2499 2034 147 2181 

Kurtz 0 5525 1397 6958 5966 870 6848 

GWS 15 2462 1874 5023 2144 980 3369 

GWE 15 2744 515 3344 3565 257 3859 

GWW 15 1727 73 1838 2095 86 2193 

Kurtz 15 4288 907 5231 3381 417 3810 

GWS 30 3308 478 3896 3687 221 3969 

GWE 30 2132 1029 3161 2646 625 3271 

GWW 30 2217 392 2609 2450 184 2634 

Kurtz 30 5047 270 6272 5121 221 5880 

GWS 45 3871 368 6468 4643 245 5819 

GWE 45 1874 1311 3222 2095 490 2597 

GWW 45 3210 331 3589 3222 171 3418 

Kurtz 45 3810 490 4324 4716 515 5255 

2008 

Aggregate Height/ Acre Number I Acre 

Block Canopy 
Oak Desirable Total Height Oak Desirable Total Seedlings 

Cover 

Kurtz 0 4190 221 4410 5304 233 5537 

GWS 0 3736 882 4692 4537 502 5064 

GWW 0 2707 172 2903 3500 123 3647 

GWE 0 2573 1482 4079 2879 956 3859 

Kurtz 15 5770 686 6456 5318 331 5648 

GWS 15 2707 1789 4925 3266 1164 4613 

GWW 15 1948 208 2156 2712 196 2908 

GWE 15 2720 649 3381 3112 478 3602 

Kurtz 30 4361 245 4606 5047 221 5268 

GWS 30 3763 1058 4873 4241 647 5162 

GWW 30 1985 858 2879 2506 404 2947 

GWE 30 2977 576 3553 3866 686 4552 

Kurtz 45 4435 686 5268 4484 711 5341 

GWS 45 4765 845 6774 6162 466 7203 

GWW 45 2769 159 2928 3774 147 3921 

GWE 45 3124 919 4079 3516 441 3994 
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2007 

Aggregate Height / Acre Number/ Acre 

Block Canopy 
Oak Desirable Total Height Oak Desirable Total Seedlings 

Cover 

GWS 0 6787 2389 9433 5905 723 6787 

GWE 0 5488 4545 10045 4263 1335 5611 

Kurtz 0 10633 1654 12336 7056 1191 7999 

GWW 0 7669 2046 9849 5562 527 6125 

GWS 15 6027 7117 13990 3847 2217 6493 

GWE 15 10523 1580 12250 8857 478 9384 

Kurtz 15 10535 1458 12054 6934 527 7497 

GWW 15 4141 527 4667 3136 159 3295 

GWS 30 7032 4373 11662 4165 894 5170 

GWE 30 7056 4680 11956 5317 1201 6640 

Kurtz 30 9139 466 9690 5513 368 5941 

GWW 30 5476 2144 7620 4422 674 5096 

GWS 45 5611 2842 12054 4925 1005 7546 

GWE 45 4937 3026 8024 4006 992 5059 

Kurtz 45 8673 1838 10805 5488 1274 6958 

GWW 45 10425 1605 12054 7019 625 7669 
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APPENDIX D Ch t 3 D t - aper aa 
Aggregate Height/ Acre 

Site Name Habitat Type Open/Full Oak Desirable Other Total 
RBCI AAt Full 200 4100 1000 5300 
RBC2 AAt Full 1150 5625 1850 8625 
RBC3 AAt Full 1300 4500 625 6425 
SLPl AAt Full 150 11400 1200 12750 
SLP2 AAt Full 50 5700 400 6150 
PClA AAt Open 300 11000 2550 13850 
PClB AAt Open 300 15450 4900 20650 
PC2 AAt Open 350 5850 2700 8900 
PC3 AAt Open 550 6375 2900 9825 

RCB0 AAt Open 1150 5625 1850 8625 

HILLRD AQVb- Full 2300 12475 1650 16425 Gr/ATiFrCi 

WC5A AQVb- Full 8950 4600 9300 22850 
Gr/ATiFrCi 

WC58 AQVb- Full 7300 3525 2075 12900 
Gr/ATiFrCi 

WC3 AQVb- Full 2750 5500 2225 10475 
Gr/ATiFrCi 

WC4 AQVb- Full 10025 17975 0 28000 Gr/ATiFrCi ;, 

Emmons AQVb- Open 2900 7300 75 10275 A Gr/ATiFrCi 
Emmons AQVb- Open 11300 18950 1600 31850 A2 Gr/ATiFrCi 

Emmons B AQVb- Open 11400 19325 1675 32400 
Gr/ATiFrCi 

ECl0 AQVb- Open 7625 5225 750 13600 
Gr/ATiFrCi 

WC5D AQVb- Open 11225 2550 1550 15325 Gr/ATiFrCi 
GWE ArDe Full 5650 3425 150 9225 
GWS ArDe Full 6200 4075 650 10925 
GWW ArDe Full 6600 2575 125 9300 

McCloud ArDe Full 1750 8250 2325 12325 
SH3 ArDe Full 6150 7500 3600 17250 

Emmons B ArDe Open 3350 8200 1850 13400 
Kurtz ArDe Open 10675 2000 0 12675 
GWW ArDe Open 10800 2300 0 13100 
GWE ArDe Open 6800 4525 0 11325 
GWS ArDe Open 17675 4325 150 22150 
Maple 

ATM Full 3350 7850 2575 13775 Ridge 
MCK33 I ATM Full 8200 7600 600 16400 
MCK348 ATM Full 1200 4800 100 6100 

RUSK ATM Full 900 16700 600 18200 
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MC4(215) ATM Full 1300 7175 750 9225 
CC178 ATM Open 1700 4000 3050 8750 

MC4(98) ATM Open 7600 14500 0 22100 
MC4(349) ATM Open 3200 4500 0 7700 
MCR95 ATM Open 5250 3100 850 9200 

MC5(371) ATM Open 6550 7600 700 14850 
MC6(76) Avb Full 2400 11725 2300 16425 
MC6(78) Avb Full 2400 12500 2850 17750 
MC3(41) Avb Full 2875 20825 1400 25100 
MC4(76) Avb Full 2700 25325 5050 33075 
MC4(124) Avb Full 7100 12750 3950 23800 
MC6(86) Avb Open 8900 24900 300 34100 

MC4(112) Avb Open 3800 14400 1700 19900 
MC4(396) Avb Open 8925 16775 1575 27275 
MC4(113) Avb Open 3950 15050 1750 20750 
MC4(229) Avb Open 5700 6800 900 13400 

SLP0 AVDe Full 200 12600 100 12900 
WCIB AVDe Full 2425 6325 12700 21450 
WC2 AVDe Full 125 11100 600 11825 
WC4 AVDe Full 1425 26350 475 28250 
WC5 AVDe Full 775 15800 4675 21250 
BCA AVDe Open 4350 7150 3150 14650 
BCB AVDe Open 4425 7275 3025 14725 

BCCA AVDe Open 5800 3100 850 9750 
BCCB AVDe Open 6075 3350 1075 10500 
WCIA AVDe Open 750 7375 2225 10350 
MV2 PVG/PEu Full 8600 4400 50 13050 
MV3 PVG/PEu Full 5125 10450 50 15625 
MV4 PVG/PEu Full 3400 3700 600 7700 
MVE PVG/PEu Full 4725 1875 225 6825 
SH2 PVG/PEu Full 4650 18875 1250 24775 
MVI PVG/PEu Open 9300 3200 400 12900 
MVB PVG/PEu Open 21425 8700 1350 31475 
MVC PVG/PEu Open 3850 20350 350 24550 
SHI PVG/PEu Open 3025 2225 2325 7575 
WC6 PVG/PEu Open 4975 5375 550 10900 
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Seedlings / Acre 

Site Name Habitat Type Open/Full Oak Desirable Other Total 

RBCI AAt Full 200 2950 900 4050 

RBC2 AAt Full 900 3025 500 4425 

RBC3 AAt Full 1050 2550 275 3875 

SLPl AAt Full 150 7950 650 8750 

SLP2 AAt Full 50 4300 400 4750 

PClA AAt Open 200 5700 750 6650 

PCIB AAt Open 200 6950 1500 8650 

PC2 AAt Open 250 3350 l000 4600 

PC3 AAt Open 400 3725 1150 5275 

RCB0 AAt Open 900 3025 500 4425 

HILLRD AQVb- Full 2300 5875 650 8825 Gr/ATiFrCi 

WC5A AQVb- Full 7550 2600 7000 17150 
Gr/ATiFrCi 

WC5B AQVb- Full 6050 2925 1775 10750 
Gr/ATiFrCi 

WC3 AQVb- Full 2000 4000 1025 7025 Gr/ATiFrCi 

WC4 AQVb- Full 9225 5125 0 14350 
Gr/ATiFrCi 

Emmons AQVb- Open 2250 2200 ,, 75 4525 A Gr/ATiFrCi 
Emmons AQVb- Open 8500 6250 800 15550 A2 Gr/ATiFrCi 

Emmons B AQVb- Open 8400 6525 875 15800 
Gr/ATiFrCi 

ECI0 AQVb- Open 3375 1275 150 4800 Gr/ATiFrCi 

WC5D AQVb- Open 6775 1350 950 9075 Gr/ATiFrCi 
GWE ArDe Full 4350 1075 50 5475 

G\VS ArDe Full 4200 1125 150 5475 

GWW ArDe Full 3250 1075 125 4450 

McCloud ArDe Full 950 1800 575 3325 

SH3 ArDe Full 5650 4500 3100 13250 

Emmons B ArDe Open 3200 3550 1150 7900 

Kurtz ArDe Open 6925 1000 0 7925 

GWW ArDe Open 6400 500 0 6900 

GWE ArDe Open 4900 1375 0 6275 

GWS ArDe Open 9575 925 50 10550 
Maple 

ATM Full 1500 3150 875 5525 Ridge 
MCK331 ATM Full 2800 4000 400 7200 

MCK348 ATM Full 1200 3400 100 4700 
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RUSK ATM Full 700 6000 400 7100 

MC4(215) ATM Full 650 4175 550 5375 

CC178 ATM Open 1300 2000 1350 4650 

MC4(98) ATM Open 4200 6500 0 10700 

MC4(349) ATM Open 2000 3100 0 5100 

MCR95 ATM Open 2550 1800 650 5000 

MC5(371) ATM Open 4650 3000 500 8150 

MC6(76) Avb Full 1800 3825 1900 7525 

MC6(78) Avb Full 1800 4500 2250 8550 

MC3(41) Avb Full 1275 9625 400 11300 

MC4(76) Avb Full 1100 10125 1450 12675 

MC4(124) Avb Full 4500 5350 750 10600 

MC6(86) Avb Open 3100 5100 100 8300 

MC4(112) Avb Open 2200 3700 900 6800 

MC4(396) Avb Open 3725 3875 725 8325 

MC4(113) Avb Open 2350 4000 950 7300 

MC4(229) Avb Open 3100 2900 300 6300 

SLP0 AVDe Full 200 6800 100 7100 

WClB AVDe Full 1925 2425 3550 7900 

WC2 AVDe Full 125 4700 350 5175 

WC4 AVDe Full 1275 11250 ,, 175 12700 

WC5 AVDe Full 775 8050 1525 10350 

BCA AVDe Open 2950 4250 1150 8350 

BCB AVDe Open 3000 4325 1125 8450 

BCCA AVDe Open 3900 2300 550 6750 

BCCB AVDe Open 4025 2400 625 7050 

WClA AVDe Open 650 1825 925 3400 

MV2 PVG/PEu Full 7900 1900 50 9850 

MV3 PVG/PEu Full 4475 2200 50 6725 

MV4 PVG/PEu Full 3400 3000 500 6900 

MVE PVG/PEu Full 4575 1825 225 6625 

SH2 PVG/PEu Full 3650 5325 750 9725 

MVI PVG/PEu Open 6050 1200 200 7450 

MVB PVG/PEu Open 7875 3000 750 11625 

MVC PVG/PEu Open 3050 7150 250 10450 

SH! PVG/PEu Open 2525 1125 1525 5175 

WC6 PYG/PEu Open 4875 3475 550 8900 
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BA Canopy Site Comp Deer Index Veg. 
Site Name Habitat Type Open/Full ft2 % ft % 

RBCI AAt Full 105 89 73 45 162 
RBC2 AAt Full 117 97 68 48 165 
RBC3 AAt Full 115 96 62 71 158 
SLPI AAt Full 127 93 60 43 153 
SLP2 AAt Full 127 95 53 35 148 
PCIA AAt Open 69 61 56 111 117 
PCIB AAt Open 67 70 58 106 128 
PC2 AAt Open 63 67 47 121 114 
PC3 AAt Open 64 68 64 125 132 

RCB0 AAt Open 79 81 68 51 149 

HILLRD AQVb- Full 154 98 61 77 Gr/ATiFrCi 159 

WC5A AQVb- Full 137 98 58 68 Gr/ATiFrCi 156 

WC58 AQVb- Full 139 98 58 72 Gr/ATiFrCi 156 

WC3 AQVb- Full 152 96 70 70 Gr/ATiFrCi 166 

WC4 AQVb- Full 106 87 69 162 Gr/ATiFrCi 156 
Emmons AQVb-

,, 

A Gr/ATiFrCi Open 20 24 52 80 76 
Emmons AQVb- Open 58 48 54 98 A2 Gr/ATiFrCi 102 

Emmons B AQVb- Open 57 46 52 106 Gr/ATiFrCi 98 

ECI0 AQVb- Open 41 46 51 97 Gr/ATiFrCi 97 

WC5D AQVb- Open 53 51 53 79 Gr/ATiFrCi 104 
GWE ArDe Full 110 94 83 75 177 
GWS ArDe Full 98 93 55 54 148 
GWW ArDe Full 103 92 50 93 142 

McCloud ArDe Full 98 91 44 108 135 
SH3 ArDe Full 135 96 57 80 153 

Emmons B ArDe Open 17 13 56 104 69 
Kurtz ArDe Open 45 50 50 97 100 
GWW ArDe Open 44 47 46 72 93 
GWE ArDe Open 41 45 91 72 136 
GWS ArDe Open 44 48 66 89 114 
Maple 

ATM Full 109 98 57 55 Ridge 155 
MCK.331 ATM Full 108 93 78 63 171 
MCK348 ATM Full 125 95 73 48 168 
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RUSK ATM Full I l 7 97 49 50 146 
MC4(215) ATM Full 87 77 76 95 153 

CC178 ATM Open 61 63 57 76 120 
MC4(98) ATM Open 64 67 62 84 129 
MC4(349) ATM Open 69 69 77 70 146 
MCR95 ATM Open 63 67 71 92 138 

MC5(371) ATM Open 63 72 73 86 145 
MC6(76) Avb Full 98 87 73 104 160 
MC6(78) Avb Full 105 91 69 106 160 
MC3(41) Avb Full 102 81 61 116 142 
MC4(76) Avb Full 116 83 69 116 152 

MC4(124) Avb Full 128 97 58 104 155 
MC6(86) Avb Open 47 59 61 138 120 

MC4(112) Avb Open 39 40 59 81 99 
MC4(396) Avb Open 65 66 60 IOI 126 
MC4(113) Avb Open 38 38 57 103 95 
MC4(229) Avb Open 53 52 60 103 112 

SLP0 AVDe Full 163 98 55 66 153 
WClB AVDe Full 111 93 52 103 145 
WC2 AVDe Full 121 97 54 53 151 
WC4 AVDe Full 114 96 ,, 64 76 160 
WC5 AVDe Full 145 98 73 54 171 
BCA AVDe Open 46 50 57 121 107 
BCB AVDe Open 49 51 57 102 108 

BCCA AVDe Open 59 63 46 61 109 
BCCB AVDe Open 58 62 47 67 109 
WCIA AVDe Open 67 82 55 121 137 
MV2 PVG/PEu Full 99 86 38 102 124 
MV3 PVG/PEu Full 77 79 44 80 123 
MV4 PVG/PEu Full 111 88 54 83 142 
MVE PVG/PEu Full 106 92 43 79 135 
SH2 PVG/PEu Full 98 87 60 104 147 
MVI PVG/PEu Open 22 22 42 11 I 64 
MVB PVG/PEu Open 30 54 52 106 106 
MVC PVG/PEu Open 18 32 57 128 89 
SHI PVG/PEu Open 54 51 58 100 109 
WC6 PVG/PEu Open 51 59 50 57 109 
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