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Abstract  

  

In the 1950’s and 1960’s, studies of two old-growth forest stands in Versailles 

State Park, Laughery Bluff and Dogwood Nature Preserves, were designed and carried 

out by Potzger to provide the baseline necessary to investigate future trends in these 

forest communities.  In 1968 and 1988, Jackson surveyed these stands again and 

identified changes in attributes and size classes over that 20-year period.  In 2011 and 

2012, these sites were re-sampled to document change in species composition and stand 

structure since 1968.   Diameter at breast height (dbh) and species identification were 

recorded for all stems with dbh ≥ 10 cm.  Trees between 1 and 9.9 cm dbh were sampled 

by counting the number of individuals by species.  These data were used to calculate 

density, dominance, and importance values, as well as to provide full-census data on the 

overstory size classes at the two sites.  Notable findings since the prior studies included 

the continued increase of Acer saccharum in density and basal area as well as the 

continued loss of Cornus florida and Fagus grandifolia stems throughout both stands.   

 

 

 

 

 



 
 

 

 

Introduction 

 

Old-growth forests are those stands generally dominated by old trees of late 

successional species, have multiple layers of foliage including a mature herbaceous layer, 

have a multitude of canopy gaps of different sizes, and have a substantial amount of 

fallen and standing dead tree material (Parker, 1989; Leverett, 1996; Badger et al., 1998; 

Wirth et al., 2009).  However, all of these features may not be present in some old-growth 

forests.  For example, there is a relatively scarce amount of dead wood in tropical old-

growth forests due to high decomposition rates and most old-growth boreal forests lack 

both very old and very large trees due to frequent natural disturbances and severe climate 

(Wirth et al., 2009).  Although in these extreme climates it may be hard to characterize an 

old-growth forest based on these structural criteria, in most temperate forests, all of the 

aforementioned characteristics should be present.    

 Old-growth forests are considered significant by conservationists because they 

provide critical habitat for a large number of species including many species of concern.  

Unfortunately, they are being destroyed at a much faster rate than they can recover, 

dramatically reducing the availability of this habitat type over most of the Earth.   The 

relative high density of coarse woody debris (dead trees or branches on the ground) in a 

temperate old-growth forest is an important factor in supporting biodiversity by providing 

a suitable environment for an array of different organisms including mosses, liverworts, 

fungi, and arthropods, as well as small vertebrates such as amphibians, mice, and birds 
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(Maser & Trappe 1984; Spetich et al., 1999).  Many of these organisms have evolved and 

become adapted to living constantly with coarse woody debris, and therefore the loss of 

the vast majority of our old-growth forests has presumably hurt some of these species’ 

overall fitness over the last few hundred years.  Woody debris is also important to old-

growth ecosystems because of its role in carbon dynamics and nutrient cycling (Spetich 

et al., 1999).  Luyssaert (2008) found that old-growth forests are indeed a sink for carbon 

because of its continued accumulation in these ecosystems long after reaching maturity as 

an old-growth forest.  This indicates that most of these forests are active in removing CO2
 

from the atmosphere, which is beneficial to the environment.  Studies such as these have 

shown the importance of old growth forests, strengthening the case that they be protected 

and studied further in the future. 

 Large portions of Indiana and surrounding areas have been broadly characterized 

as supporting old-growth forests dominated by Fagus grandifolia (American beech) and 

Acer saccharum (Sugar maple) (Braun, 1950; Lindsey & Schmelz, 1969; Dyer, 2006).  In 

1950, Potzger described the Versailles State Forest area in Ripley County as being 

dominated by either A. saccharum or F. grandifolia, depending on certain characteristics 

of the terrain, such as slope and/or elevation.  Jackson and Allen (1968) re-measured 

these same forests stands, and reported similar findings, with  A. saccharum and F. 

grandifolia accounting for over 57.5% of stand importance value at Laughery Bluff 

Nature Preserve and 70% at Dogwood Nature Preserve.  From this point forward, 

Laughery Bluff Nature Preserve and Dogwood Nature Preserve may be referred to as 

Laughery Bluff and Dogwood Preserve, respectively.  
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 Nearby beech-maple old-growth tracts include Donaldson Woods, located about 

75 km to the west of Versailles State Park, and Hueston Woods, which is approximately 

80 km to the northeast just across the border in southwestern Ohio (Vankat et. al, 1975; 

Schmelz et. al, 1974).  Donaldson Woods has similar topography to Laughery Bluff as 

they are both situated on high-elevation areas with underlying karst topography (Indiana 

Geological Survey, 2011).  Other old-growth forests in the area include Hoot Woods in 

Owen County, Indiana, Emery Woods in Hamilton County, Ohio, and Ginn Woods in 

Delaware County, Indiana.  These stands are all within 150 km of Versailles State Park.  

F. grandifolia has been declining in importance and A. saccharum has been increasing its 

dominance at Laughery Bluff and Dogwood Preserve (Jackson & Abrell, 1998), Hoot 

Woods (Holmes, 2006) and other beech-maple, old-growth forests throughout eastern 

North America (Forrester & Runkle, 2000; Runkle, 2000; Ward, 1956; 1958).   

The objective of this study was to ascertain the current status of the old-growth 

stands at the Laughery Bluff and Dogwood Nature Preserves, particularly with regard to 

the predominance of Acer or Fagus species.



 
 

   

 

Site Description  

  

Dogwood and Laughery Bluff  Nature Preserves are located in southeastern 

Indiana in Versailles State Park, approximately 30 km due west of the Kentucky-Indiana-

Ohio border region (Figs. 1 & 2).  Potzger (1950) originally helped to identify these 

stands as old-growth and championed preserving them as important elements of Indiana’s 

natural heritage.  Aside from some minor logging in the 1930’s (Jackson & Allen, 1969), 

these nature preserves have been relatively undisturbed by humans. 

 Laughery Bluff, formerly known and referred to as Jackson Woods (Jackson & 

Allen, 1969) and Dogwood Preserve, formerly known as Potzger Woods, contain 

approximately 7.7 and 2.75 hectares of old-growth forest, respectively.  Both stands have 

well-drained Cincinnati silt loam soils and are situated on gently to moderately sloping 

terrain (Jackson & Abrell, 1988), although there are a few flatter spots as well.  A. 

saccharum has historically been the dominant species on the sloping and well-drained 

areas of the preserves, while poorly-drained areas have been dominated by F. grandifolia 

(Potzger, 1950; Jackson & Allen, 1969).  Historically, other important species in these 

forests include Cornus florida, Fraxinus spp., Juglans nigra, Liriodendron tulipifera, 

Nyssa sylvatica, Prunus serotina, Quercus spp., and Ulmus rubra (Potzger, 1950; 

Jackson & Allen, 1969; Jackson &Abrell, 1988).
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Laughery Bluff is aptly named, as it is located on a ridge-top next to steep slopes 

leading to Laughery Creek.  It is pocked by sinkholes typical of karst topography which 

facilitate the drainage of rainwater into subsurface springs and seeps, promoting a more 

mesophytic community structure than one would expect on a sloping, upland ridge 

(Jackson & Allen, 1969).   

 Dogwood Preserve is not on karst topography and therefore lacks sinkholes, but is 

on a moderate slope which drains into a tributary of Laughery Creek.  Interestingly, this 

creek serves as the dividing line in the area with respect to soil type (Jackson & Allen, 

1969).  The soils in Dogwood are derived from Ordovician limestone (the primary 

bedrock type east of the creek), while the soils at Laughery Bluff are derived from the 

younger, Silurian limestone that predominates west of the creek (Potzger, 1950; Indiana 

Geological Survey, 2011). 

 Windthrow damage and mortality in Dogwood Preserve are less common than in 

the more exposed Laughery Bluff.  In September 2008, however, the outer-reaching 

winds of Hurricane Ike caused major damage in the area (Knox et al., 2011), affecting 

both stands considerably by felling numerous trees.  Increased windthrow damage and 

the resulting coarse woody debris may be more prevalent in old-growth forests today and 

in the future as some studies have suggested that storms are increasing in strength and 

frequency due to anthropogenic-induced climate change (O’Hare, 1999). In 1968, 

Jackson and Allen marked boundaries of the old-growth portions of each preserve and 

counted all stems greater than one cm dbh, establishing baseline information necessary to 

monitor changes in community structure and species composition in these historically 
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                                          Figure 1.  Map of Indiana showing the location of Versailles State Park.  
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Figure 2.  Versailles State Park boundary line in Ripley County, Indiana.  Highlighted portions 

indicate the borders of Laughery Bluff and Dogwood Nature Preserves. 

Laughery 

Bluff         

Dogwood 

Preserve  
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undisturbed areas.  Jackson and Abrell re-surveyed the plots in 1988 using the same 

methods and described the changes which had occurred over the previous twenty years. 

They found that A. saccharum dominance had increased and Quercus spp. dominance 

had decreased on all slopes in both nature preserves.  They also observed a steep decline 

of C. florida, similar to declines that had been documented and attributed to Discula 

destructiva in many other regions in the eastern United States (Jenkins & White, 2002; 

Pierce et al., 2008).  This seems to be coincidental, however, as there is no evidence of 

the fungal pathogen in Indiana as of yet.  



 
 

 

 

Objectives  

  

During the growing season of 2011, the stands at Laughery Bluff and Dogwood 

Preserve were re-surveyed by taking census data of tree species for a third time, 

approximately 40 years after the first assessment and 20 years after the second.  The 

objectives of this study mirror those of Jackson and Abrell (1988). Specifically these are: 

(1) to compare the forests’ community structure and composition to corresponding data 

from the previous sample dates, (2) to identify composition changes and successional 

trends over the 42-year period, and (3) to predict future changes at the two sites and relate 

these to management strategies.  These trends will also be compared with those from 

other old-growth forests in the region.   

 The results of this study may have implications on future management strategies 

by agencies such as the Indiana Division of Nature Preserves.  For example, fire has been 

reintroduced into many mature forests (to mimic prior Native American influences) to 

maintain biodiversity by stimulating oak regeneration and decreasing the density of shade 

tolerant species such as sugar maple.  Additionally, long-term monitoring of invasive 

species and compositional trends could provide land managers with data necessary to 

evaluate the success of current management practices in maintaining the biodiversity of 

these unique preserves.  

 



 
 

 

 

Methods  

  

Boundaries for the two old-growth forest stands established in previous studies 

were relocated, measured, and flagged at approximately 25 m intervals.  Waypoints at the 

flags along the boundary were recorded using a handheld GPS unit.  The sites were then 

divided into adjacent transects each about 25 m in width.  Biodegradable strings and flags 

were used to separate adjacent transects.  A complete inventory of all trees ≥ 10.0 cm dbh 

(overstory trees) was completed.  These trees were identified and measured to the nearest 

0.1 cm in both stands.  In the earlier studies, trees in the understory were counted by 

taking a full census of woody stems greater than five centimeters dbh.  Due to time 

constraints for this study, the number of understory trees between 1.0 and 9.9 cm dbh was 

estimated by taking a sample using 5 m-radius circular plots.  The initial starting point 

was randomly located and additional plots were systematically spaced every 25 m.  Due 

to the difference in area between the stands, the understory trees at Laughery Bluff were 

sampled using 83 plots, while the Dogwood Preserve understory was sampled with 28 

plots.  The number of woody stems between 1 and 9.9 cm dbh in each plot was recorded 

by species.   

 In regard to overstory trees, the following community parameters were computed 

in this study for each species: dominance (basal area, m
2
/ha), relative dominance (%), 

density per hectare, and relative density (%).  An importance value for each species was 

calculated as the average of relative density and relative dominance.
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 Importance values of certain species were compared with those from surrounding 

old-growth forests and the Sorensen index was applied to evaluate similarity of these 

stands where  

   
  

   
 

 QS symbolizes the quotient of similarity, C is the number of shared species 

between two stands, and A and B represent the number of species in stands A and B 

respectively.  Size class distributions were determined for the measured dbh of important 

species in Laughery Bluff and Dogwood Preserve and compared to the size classes from 

1969 and 1988 to discern general patterns of growth, mortality and recruitment.



 
 

   

 

Results  

 

Laughery Bluff – Overstory 

 Density per hectare of all stems greater than 10 cm dbh declined 18% from 1988 

to 2011, decreasing from 271.63 to 228.75 stems/ha (Table 1).  Dominance (basal area) 

of these overstory stems decreased from 25.62 m
2
/ha in 1988 to 17.82 m

2
/ha in 2011.  

This drop was markedly different from results of the 1988 re-survey when Jackson and 

Abrell found that the number of stems remained constant (269.32 stems/ha in 1968 vs. 

271.63 in 1988), as did dominance, declining only 1.4% (25.28 vs. 25.63 m
2
/ha) over this 

20-year period. 

 There were also many changes in individual species’ densities, dominance, and 

importance values over the 43-year period.  Most notable was the drastic decline of F. 

grandifolia, which experienced an 84% drop in density from 35.39 to 5.59 stems/ha and a 

92% decline in dominance from 13.24 to 1.05 m
2
/ha (Table 1).  Consequently, its 

importance value (IV) dropped from 32.38 to 4.17, dropping it from first to a distant 

fourth in importance from 1968 to 2011.  In contrast, A. saccharum increased its IV at 

Laughery Bluff over the 43-year period from 25.88 to 53.70 due to a 45% boost in 

stems/ha to 152.16 and a 151% increase in dominance to 7.29 m
2
/ha (Table 1).  This 

trend of change in dominance of A. saccharum over F. grandifolia continues the pattern 

noted by Jackson and Abrell (1988).  
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Table 1. Stand table for trees greater than or equal to 10 cm dbh at Laughery Bluff. 

1 IV = Importance Value = (relative density + relative basal area)/2. 

2 Dominance = m2/ha 

3 Density = number of stems/ha 

4 Other species in descending order of 2011 importance (IV≤1): Celtis occidentalis,Tilia americana,  Quercus alba, Acer rubrum, Ailanthus 

altissima, Ulmus americana, Quercus shumardii, Vitis spp., Quercus muehlenbergii, Acer negundo, Quercus rubra, Carya ovata, Asimina 

triloba, Ostrya virginiana,  Carya glabra, Carpinus caroliniana, Morus rubra, Carya cordiformis, Aralia spinosa, Cercis canadensis. 

Species      IV1   Dominance2     Density3 

  1968 1988 2011 1968 1988 2011 1968 1988 2011 

A. saccharum 25.88 37.29 53.70 2.91 5.28 7.29 104.60 145.77 152.16 

F. grandifolia 32.38 21.45 4.17 13.24 8.80 1.05 35.39 21.94 5.59 

L. tulipifera 14.10 17.25 19.57 4.48 6.26 5.33 28.86 26.32 21.20 

U. rubra 5.00 4.76 2.98 0.61 0.47 0.39 20.51 20.95 8.58 

J. nigra 4.63 4.55 2.22 1.48 1.64 0.59 9.34 7.07 2.60 

Fraxinus spp. 2.99 4.52 4.87 0.60 1.02 1.19 9.76 13.59 7.02 

C. florida 6.52 2.38 0.43 0.50 0.16 0.02 32.69 11.17 1.69 

P. serotina 2.09 1.76 1.73 0.27 0.30 0.23 8.35 6.38 4.94 

N. sylvatica 1.51 1.26 2.14 0.37 0.40 0.57 4.25 2.55 2.47 

S. albidum 1.07 1.00 2.30 0.18 0.18 0.23 3.83 3.53 7.54 

Other Species4 4.15 3.79 5.88 0.98 0.77 0.93 11.74 12.36 14.96 

Totals          -         -           - 25.62 25.28 17.82 269.32 271.63 228.75 
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 The only species other than A. saccharum to increase in both density and basal 

area was Sassafras albidum.  This species experienced a 113% increase in stems/ha (7.54 

vs. 3.83), and a 32% increase in dominance (0.23 vs. 0.18 m
2
/ha).  As a result, its IV 

increased from 1.07 in 1968 to 2.30 in 2011. 

  L. tulipifera was the second most important species at Laughery Bluff  even 

though its density and dominance dropped 19% and 15% respectively from 1988 to 2011 

(Table 1).  This is due to the fact that the forest as a whole was lower in both density and 

total basal area compared to previous samples.  Fraxinus spp. also experienced a small 

increase in importance from 1988 to 2011 (IV=4.52 vs. 4.87, respectively), even though 

the number of Fraxinus stems declined by almost half (Table 1).   Indeed, Fraxinus spp. 

has become the third most important group in the forest in 2011.  Fraxinus spp. gained 

49% in dominance (1.19 vs. 0.60 m
2
/ha) but declined in density (7.02 vs. 9.76 stems/ha) 

over the entire 43-year period.   

 As documented by Jackson and Abrell in 1988, C. florida continued its decline at 

Laughery Bluff.  Since 1988, density has dropped 85% from 11.17 to 1.69 stems/ha while 

dominance dropped 87%, from 0.16 to 0.02 m
2
/ha (Table 1).  In fact, over the 43-year 

period, C. florida density in the overstory declined 95% and lost 96% of its total basal 

area. 
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Dogwood Preserve – Overstory 

  

At Dogwood Preserve, overall density of trees greater than 10 cm increased 12% 

from 1988 to 2011 (351.40 vs. 313.63 stems/ha).  Dominance increased 38%, from 28.56 

to 39.51 m
2
/ha (Table 2).  This continued the trend reported from 1968 to 1988 when the 

forest increased in both density and dominance, although not nearly as much as it did in 

the most recent 23 years.  Over the entire 43-year period, density increased from 300.06 

to 351.40 stems per hectare, and dominance increased from 26.77 to 39.51 m
2
/ha. 

 The driving force behind the increasing importance of overstory trees was the 

increased recruitment of A. saccharum stems into this category.  As in Laughery Bluff, A. 

saccharum increased in both density (274.00 vs. 169.59 stems/ha) and dominance (14.86 

vs. 5.49 m
2
/ha) since 1968, leading to an increase in IV to 58.08 from 38.53.  Its 

importance value was 3.5-fold greater than that of its closest competitor, F. grandifolia.  

 F. grandifolia fared much better at Dogwood Preserve than at Laughery Bluff, 

maintaining its position as the second most important species, although it did experience 

a 46% decline in its IV from 1968 to 2011 (Table 2).  This was due to a 43% decrease in 

density, from 35.31 to 19.99 stems/ha.  Interestingly, dominance remained relatively 

constant for F. grandifolia (10.80 m
2
/ha in 1988 vs. 11.09 m

2
/ha in 2011), suggesting a 

much better survival of larger stems at Dogwood Preserve than Laughery Bluff over the 

last few decades.  Given the longevity of F. grandifolia, this pattern of declining density 

with stable basal area could continue for decades at Dogwood Preserve.
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Table 2. Stand table for trees greater than or equal to 10 cm dbh at Dogwood Nature Preserve.  

Species      IV1     Dominance2     Density3 

  1968 1988  2011 1968 1988 2011 1968 1988 2011 

A. saccharum 38.53 51.54 58.08 5.49 9.25 14.86 169.59 221.68 274.00 

F. grandifolia 30.69 23.54 16.59 13.28 10.80 11.09 35.31 29.06 19.99 

L. tulipifera 2.79 2.63 3.07 0.95 0.99 1.89 6.13 5.46 5.09 

U. rubra 2.94 1.73 0.73 0.72 0.47 0.29 9.59 5.46 2.54 

J. nigra 5.05 5.28 3.61 1.71 2.02 1.90 11.12 10.90 8.72 

Fraxinus spp. 5.23 5.08 7.49 1.19 1.78 4.33 18.04 12.36 14.90 

T. americana 0.90 1.23 0.40 0.21 0.34 0.15 3.06 4.00 1.45 

P. serotina 2.52 1.83 1.43 0.56 0.61 0.69 8.82 4.72 4.00 

N. sylvatica 3.33 2.17 1.11 1.20 0.91 0.60 6.52 3.63 2.54 

U. americana 1.07 1.02 0.61 0.23 0.28 0.33 3.83 3.26 1.45 

Other Species4 7.61 4.01 6.88 1.23 1.11 3.38 28.05 13.10 16.72 

Totals         -         -            - 26.77 28.56 39.51 300.06 313.63 351.40 

1 IV = Importance Value = (relative density + relative basal area)/2. 

2 Dominance = m2/ha 

3 Density = number of stems/ha 

4
 Other species in descending order of 2011 importance (IV<2): Quercus rubra, Carya ovata, Quercus alba, Celtis occidentalis, Carya 

cordiformis, Morus rubra, Carya glabra, Ostrya virginiana, Quercus velutina, Aesculus glabra, Quercus muehlenbergii, Fraxinus quadrangulata 

and Cornus florida. 
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 Fraxinus pennsylvanica and F. americana increased their dominance over the last 

40 years.  Collectively, their dominance increased 365% from 1968 to 2011 (1.19 vs. 

4.33 m
2
/ha, respectively) while density decreased 17% from 18.04 to 14.90 stems/ha 

(Table 2).  Their combined IV grew from 5.23 to 7.49, overtaking J. nigra as the third 

most important species in the stand.  J. nigra dropped to the fourth position of 

importance; its IV decreased from 5.05 in 1968 to 3.61 in 2011 due to a 22% decline in 

density from 11.12 to 8.72 stems/ha (Table 2).  Dominance, however, increased slightly 

during the same period (1.71 vs. 1.90 m
2
/ha, respectively). 

 L. tulipifera maintained its position as the fifth-most important species in the 

stand.  Over the 43-year period, its density dropped 17% from 6.13 to 5.09 stems/ha, 

although its dominance nearly doubled, from 0.95 to 1.89 m
2
/ha (Table 2).  This indicates 

that the number of large L. tulipifera trees in Dogwood Preserve has increased 

considerably in the last 43 years.  Quercus rubra was 16
th

 in importance in 1988 (IV < 1).  

In 2011, Q. rubra was 6
th

 in importance (IV = 1.89), bypassing 10 species over the past 

23 years.  The decreasing density combined with increasing basal area of most species at 

Dogwood Preserve is not typical of an old-growth forest.  Generally, one would see 

losses of large old trees which over time are replaced by numerous smaller stems in the 

new canopy gaps.  This would be unlikely to result in such a dramatic reduction in 

density as has been observed at Dogwood Preserve.   
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Laughery Bluff – Understory 

  

Overall density of stems between 1 and 9.9 cm dbh was estimated to be 1310 

stems/ha (Table 3).  Approximately 85% of these stems were between 1 and 5 cm dbh.  

Lindera benzoin (spicebush) and Asimina triloba (pawpaw) accounted for about 75% of 

this smaller size class.  The next two most commonly found species in this size rage were 

A. saccharum and Vitis spp.   

  In the 5-9.9 cm dbh range, A. saccharum was the dominant species, accounting 

for just over 50% of all stems in the 83 plots.  A full census in 1968, however, showed 

that A. saccharum made up 62% of all stems in this range, indicating a slight decline in 

recruitment in this size class (Table 4).  A. triloba and Vitis spp. were the second and 

third most commonly found species in this range in 2011, respectively (Table 3).  A. 

triloba density has expanded since 1968, when only 4.86 stems/ha were counted (not 

shown in Table 4).  In 2011, that number was 36.8 stems/ha, a 650% increase over 43 

years. 
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Table 3.  Stem density (number/ha) of selected species between 1 and 9.9 cm dbh at 

Laughery Bluff in 2011. 

 

 

 

 

 

  

 

 

 

 

 

 
 
Species 1-4.9 cm 5-9.9 cm 

A. saccharum 110.4 98.2 

A. triloba 365.1 36.8 

C. caroliniana 10.7 4.6 

C. florida 6.1 4.6 

F. grandifolia 13.8 4.6 

L. benzoin 474.0 3.1 

S. albidum 13.8 4.6 

Vitis spp. 93.6 26.1 

Other species 27.6 12.3 

Totals 1115.1 194.9 
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Table 4.  Stem density (number/ha) of selected species between 5 and 9.9 cm dbh at 

Laughery Bluff. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Species 1968 1988 2011 

A. saccharum 122.6 128.6 98.2 

L. tulipifera 3.3 2.3 1.5 

Fraxinus spp. 7.4 2.9 1.5 

C. florida 9.9 8.4 4.6 

F. grandifolia 2.3 4.8 4.6 

Ulmus spp. 19.5 10.3 3.0 

P. serotina 5.2 2.5 3.0 

C. occidentalis 2.3 5.4 1.5 

Totals 172.5 165.2 117.9 
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Dogwood Preserve - Understory 

  

Total stem density at Dogwood Preserve was calculated to be 555 stems/ha (Table 

5).  Of the total stems, 74% were in the 1-5 cm dbh range.  Clearly, the most prominent 

species was A. saccharum, which made up about 42% of all stems in this range.  

Additionally, no other species accounted for more than 18% of the total.  A. saccharum 

relative density was greater in the 5-9.9 cm range, accounting for 97% (31 out of 32) of 

the 5-9.9 cm dbh trees in the 28 plots. In 1968 and 1988, the aforementioned percentages 

for the 5-9.9 cm range were 76% and 85% (full census), respectively.  The only other 

species between 5 and 9.9 cm dbh counted in the 28 plots was a single Tilia americana 

tree (listed as other species in Table 5).  This illustrates the dominant position A. 

saccharum has in this particular stand.  One species that experienced a massive decline in 

density was C. florida; not a single stem between 1 and 9.9 cm dbh was found in any of 

the plots in 2011.  In 1968, C. florida was the second most commonly found species 

between 5 and 9.9 cm dbh (Table 6). 
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Table 5.  Stem density (number/ha) of selected species between 1 and 9.9 cm dbh at 

Dogwood Nature Preserve in 2011. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Species 1-5 cm  5-9.9 cm  

A. saccharum 172.8 141.0 

A. triloba 22.7 0 

F. grandifolia 9.1 0 

Fraxinus spp. 13.6 0 

L. benzoin 59.1 0 

O. virginiana 13.6 0 

P. serotina 72.8 0 

Vitis spp. 18.2 0 

Other species 31.8 4.5 

Totals 413.7 145.5 



27 
 

Table 6.  Stem density (number/ha) of selected species between 5 and 9.9 cm dbh at 

Dogwood Nature Preserve. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Species 1968 1988 2011 

A. saccharum 213.1 145.5 141.0 

L. tulipifera 0.7 0 0 

Fraxinus spp. 3.3 0 0 

C. florida 23.3 6.2 0 

F. grandifolia 0.7 1.5 0 

Ulmus spp. 3.6 0 0 

P. serotina 0.4 0 0 

C. occidentalis 1.5 0 0 

Totals 246.6 153.2 141.0 
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Size Class Changes at Laughery Bluff Nature Preserve 

 

Acer saccharum  

 Between 1988 and 2011, density of A. saccharum stems in the 10-29.9 cm dbh 

range increased 3.8% to 121.73 stems/ha, while during the previous 20-year period, there 

was a 29.3% increase from 90.91 to 117.57 stems/ha (Table 7). The number of A. 

saccharum stems in the 30-49.9 cm range increased by almost 100%, from 14.83 to 26.14 

stems per hectare since 1988 and up from only 4.94 stems/ha in 1968 (Figure 3).  In the 

50-69.9 cm range, A. saccharum increased from 0.26 stems/ha in 1968 to 3.77 stems/ha 

in 2011, indicating an increase in representation by this species in the upper canopy. 

Fagus grandifolia  

 F. grandifolia density in the 10-29.9 cm dbh range increased from 1.04 stems/ha 

in 1988 to 3.38 stems/ha in 2011 (Table 7).  From 1968 to 1988, this number remained 

constant at 1.04 stems/ha.  Conversely, F. grandifolia density of stems greater than 30 cm 

dbh declined sharply from 31.47 stems/ha in 1968 to 2.21 stems/ha in 2011, a 93% 

decline (Figure 4). 

Sub-dominant species  

 The majority of these species in the 10-29.9 cm range decreased in density over 

the 43-year period (Table 7).   Most notably were C. florida, which lost 34.6 stems/ha 

(95%), and Ulmus spp., which declined from 19.64 stems/ha in 1968 to 7.54 stems/ha in 

2011 (Table 7).  In the 30-49.9 cm range, similar results were observed, with no 

noteworthy increases in density other than Ulmus spp., which increased from 1.43 
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stems/ha in 1968 to 2.21 stems/ha in 2011.  J. nigra density dropped 86% in this range, 

from 4.55 to 0.65 stems/ha.  In the 50-69.9 cm range, Fraxinus spp. increased in density 

from 0.39 to 1.56 stems/ha over the 43-year period, whiles the density of most of the 

other species declined or remained constant in this size class.  One notable decline was 

the total loss of Ulmus spp. in this class, down from 0.91 stems/ha since 1968.  L. 

tulipifera is replacing beech in the upper canopy of the forest, as evidenced by its 

domination in the larger size classes (Figure 5).  It now accounts for 59% of all stems 

greater than 70 cm dbh, up from just 9% in 1968 (Table 7). 
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Table 7.  Size class comparison of overstory species at Laughery Bluff Nature Preserve in 1968, 1988, and 2011 (stems/ha). 

Species 10-29.9 cm 30-49.9 cm 50-69.9 cm 70-89.9 cm >90 cm 

  1968 1988 2011 1968 1988 2011 1968 1988 2011 1968 1988 2011 1968 1988 2011 

A. saccharum 90.91 117.57 121.73 4.94 14.83 26.14 0.26 1.30 3.77 - 0.26 0.52 - -  - 

F. grandifolia 1.04 1.04 3.38 2.86 1.17 0.39 13.92 8.19 0.52 13.01 7.80 0.78 1.69 1.95 0.52 

L. tulipifera 9.49 4.55 6.37 9.10 7.15 3.51 5.85 7.67 5.33 1.43 4.16 4.94 0.13 0.65 1.04 

J. nigra 1.43 0.39 0.26 4.55 1.95 0.65 2.60 3.77 1.56 - 0.39 0.13 - 0.39 0.13 

Fraxinus spp. 6.63 8.45 2.73 1.82 2.73 1.95 0.39 1.04 1.56 - 0.26 0.52 - - 0.26 

N. sylvatica 2.60 0.91 0.78 0.65 0.78 0.52 0.52 0.26 0.52 - 0.39 0.52 - - 0.13 

P. serotina 6.89 5.20 3.90 0.65 0.39 0.78 0.13 0.26 0.26 - - -  - - - 

C. florida 36.29 10.27 1.69 - - -  - - -  - - -  - - - 

C. occidentalis 1.30 1.69 2.34 0.39 0.52 0.39 0.26 0.26 0.13 - - -  - - - 

Ulmus spp. 19.64 18.34 7.54 1.43 1.95 2.21 0.91 0.26 -  - - -  - - - 

Other Species 6.89 8.84 11.18 1.56 0.91 1.56 0.78 0.52 0.52 0.13 0.13 0.39  -  0.13 0.26 

Other species include Tilia americana, Quercus alba, Acer rubrum, Ailanthus altissima, Ulmus americana, Quercus shumardii, Vitis spp., 

Quercus muehlenbergii, Acer negundo, Quercus rubra, Carya ovata, Asimina triloba, Ostrya virginiana, Carya glabra, Carpinus caroliniana, 

Morus rubra, Carya cordiformis, Aralia spinosa, and Cercis canadensis. 
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Figure 3.  Acer saccharum size class distribution at Laughery Bluff Nature Preserve.  Values are in stems/ha.
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Figure 4.  Fagus grandifolia size class distribution at Laughery Bluff Nature Preserve. Values are in stems/ha. 
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Figure 5.  2011 size class distribution for selected species at Laughery Bluff Nature Preserve. Values are in stems/ha. 
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Size Class Changes at Dogwood Nature Preserve 

 

Acer saccharum 

  Recruitment by A. saccharum into the 10-29.9 cm dbh range slowed from 1988 to 2011 

when compared to the previous 20-year period (Table 8 and Figure 6).  Density increased by 

only 13.45 stems/ha, versus 42.88 stems/ha added between 1968 and 1988.  Still, A. saccharum 

stems accounted for over 94% of total stems in this size class.  A. saccharum density also 

increased in the 30-49.9 cm range, from 4.36 stems/ha in 1968 to 53.78 stems/ha in 2011.   

Recruitment by A. saccharum also expanded in trees greater than 50 cm dbh, as evidenced by a 

79% increase of stems in this range over the entire 43-year period. 

Fagus grandifolia 

 With respect to stems between 10 and 49.9 cm dbh , F. grandifolia density remained 

constant since 1968 at 6.54 stems/ha (Table 8 and Figure 7).  Stems greater than 50 cm dbh 

declined from 26.89 stems/ha in 1968 to 13.45 in 2011 (Table 8 and Figure 7), which is not 

nearly as sharp of a decline as observed for the species at Laughery Bluff (Figure 8).  

Sub-dominant species 

 C. florida, Ulmus spp., and Fraxinus spp. densities declined 95%, 92%, and 91% 

respectively in the 10-29.9 cm dbh range since 1968 (Table 8).  In this size class, no L. tulipifera 

stems were counted (Table 8 and Figure 9), while P. serotina density decreased from 5.45 

stems/ha in 1968 to just 0.36 stems/ha in 1988 and 2011(Table 8).  In addition to lower 

recruitment levels of these historically subdominant trees in the stand, species other than those 

listed by name in Table 8 (other species) accounted for just 2.3% of all stems in the size class, 
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versus 14.2% in 1968.  With the exception of these other species, all subdominant species’ 

densities remained relatively constant in the 30-49.9 cm range (Table 8).  The number of L. 

tulipifera and Fraxinus spp. stems greater than 50 cm dbh increased 175% and 800%, 

respectively, suggesting that they may be joining A. saccharum and replacing F. grandifolia in 

the canopy.  This may be short-lived, however, as these species and others such as J. nigra have 

experienced a considerable decline in density in the 10-29.9 cm dbh size class (Figure 8).  In 

addition, the threat of the Emerald ash borer infestation may severely reduce the Fraxinus spp. 

population in the future.
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Table 8.  Size class comparison of selected species at Dogwood Nature Preserve, in 1968, 1988, and 2011 (stems/ha). 

Species 

10-29.9 cm 30-49.9 cm 50-69.9 cm 70-89.9 cm >90 cm 

  1968 1988 2011 1968 1988 2011 1968 1988 2011 1968 1988 2011 1968 1988 2011 

A. saccharum 151.17 197.68 211.13 4.36 21.08 53.78 3.63 2.18 6.90 1.45 2.91 2.18 - - - 

F. grandifolia 2.91 1.82 3.63 3.63 4.36 2.91 13.08 10.90 4.72 10.90 8.36 6.54 2.91 3.63 2.18 

L. tulipifera 3.27 1.82 - 1.09 1.82 1.09 0.73 0.73 2.54 0.73 0.36 0.73 - 0.36 0.73 

J. nigra 0.73 0.36 - 7.27 6.90 5.45 2.54 3.63 2.54 - - 0.73 - - - 

Fraxinus spp. 11.99 5.45 1.09 4.00 3.27 4.00 1.09 3.27 5.45 - 0.73 4.36 - - - 

N. sylvatica 2.54 0.36 0.36 0.73 1.09 0.73 2.54 0.73 1.09 0.36 1.09 0.36 - - - 

P. serotina 5.45 0.36 0.36 2.91 3.63 2.18 - 0.73 1.45 - - - - - - 

C. florida 7.27 3.27 0.36 - - - - - - - - - - - - 

C. occidentalis 1.45 0.73 1.45 - 0.36 0.73 - 0.36 0.36 0.36 0.36 0.36 - - - 

Ulmus spp. 9.08 3.63 0.73 2.54 5.45 1.82 1.09 - 1.09 - 0.36 0.36 - - - 

Other Species 32.34 18.53 5.09 16.35 7.63 5.45 3.27 3.27 4.00 0.36 0.73 1.45 0.36 0.36 - 

Other species include Quercus rubra, Carya ovata, Quercus alba, Carya cordiformis, Morus rubra, Carya glabra, Ostrya virginiana, Quercus 

velutina, Aesculus glabra, Quercus muehlenbergii and Fraxinus quadrangulata. 
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Figure 6.  Acer saccharum size class distribution at Dogwood Nature Preserve.  Values are in stems/ha. 
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Figure 7.  Fagus grandifolia size class distribution at Dogwood Nature Preserve. Values are in stems/ha. 
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Figure 8.  2011 Size class comparison of selected species at Laughery Bluff and Dogwood Nature Preserve. (DW) indicates 

Dogwood Nature Preserve while (LB) indicates Laughery Bluff Nature Preserve.
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Figure 9.  2011 Size Class Distribution for selected species at Dogwood Nature Preserve. Values are in stems/ha. 
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Similarities to other old-growth forests in the area 

  

Other old-growth forests in the area share between 65% and 85% of the same 

overstory species as the stands in Versailles State Park (Table 9).  Interestingly, Hoot 

Woods shared more species with either Laughery Bluff or Dogwood Preserve than the 

latter two shared with each other.  Ginn Woods (North), on the other hand, had the lowest 

QS associated with these stands, most likely because it is a flatwoods and therefore more 

poorly drained.  Indeed, there were a few wetland-type species found at Ginn Woods that 

were not present in the Versailles stands.  These include Acer saccharinum, Carya 

lacinosa, and Fraxinus nigra.  Emery Woods, classified as an oak-maple forest, actually 

shared more species with the Versailles stands than did Ginn Woods, which itself is a 

beech-maple forest. 

Importance values of major species differed among the two stands studied and 

comparable old-growth forests in the region (Table 10).  With the exception of Emery 

Woods, A. saccharum importance was higher at Laughery Bluff and Dogwood Preserve 

than at the other forests examined, while F. grandifolia importance was lower.  Emery 

Woods has little F. grandifolia representation and is dominated by Quercus spp.   Hoot 

Woods is dominated primarily by A. saccharum, F. grandifolia, and L. tulipifera, while 

Ginn Woods (North) has A. saccharum representation at a level comparable to Laughery 

Bluff and Dogwood Nature Preserve.  It should be noted that the overstories of Emery 

Woods and Ginn Woods were sampled instead of taking a full census and therefore these 

differences could be due to random variation. 
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Table 9.  Quotient of similarity (QS) between selected old-growth stands within 150 km 

of Versailles State Park.  Only stems greater than 10 cm dbh were included.  The 

Sorensen index was used to generate these values, where the QS equals the number of 

shared species in the two stands divided by the average number of total species in the two 

stands. A value of one would indicate the same total number and exact types of species in 

both stands.   All data was collected after 1998. 

 

 

 

 

 

 

 

 

 Laughery Bluff Nature 
Preserve 

Dogwood Nature 
Preserve 

Laughery Bluff - 0.76 

Dogwood Preserve 0.76 - 

Hoot Woods  0.84 0.83 

Emery Woods  0.73 0.75 

Ginn Woods-North  0.68 0.65 
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Table 10.  Importance values (%) of major species in selected old-growth stands. 

 

 

 

 

 

 

 

 

 

 

 
Species Laughery 

Bluff  
Dogwood 
Preserve 

Hoot 
Woods  

Ginn 
Woods - 

North  

Emery 
Woods  

A. saccharum 53.70 58.08 37.78 48.30 20.40 

F. grandifolia 4.17 16.59 22.64 20.00 7.70 

L. tulipifera 19.57 3.07 13.12 0.00 5.50 

Fraxinus spp. 4.87 7.49 3.85 4.50 2.60 

U. rubra 2.98 0.73 6.74 2.70 1.80 

Quercus spp. 1.34 3.31 1.38 9.10 30.00 



 
 

 

 

Discussion 

 

Community structure and composition changes since 1968 

 Both A. saccharum and F. grandifolia experienced significant, but opposite 

changes in importance values since 1968.  In 2011, A. saccharum made up much more of 

the upper canopy and its recruitment remained at a high level in both stands.  Meanwhile, 

the status of F. grandifolia as a co-dominant species in these forests is questionable right 

now because of low overall recruitment levels coupled with increased mortality in most 

size classes over the last 43 years.  Indeed, in 2011 at Laughery Bluff, L. tulipifera 

importance was almost five times that of F. grandifolia, suggesting that this particular 

forest is now more tulip-maple than beech-maple.  It must be noted however that F. 

grandifolia dominance actually increased slightly at Dogwood Preserve since 1988 

despite losing a large number of stems.  In addition, 26 stems of F. grandifolia between 

10-29.9 cm dbh were counted at Laughery Bluff as opposed to only eight in both 1968 

and 1988, showing improved recruitment into this size class.    

 At Laughery Bluff, overall density of overstory trees has declined approximately 

18% over the 43-year period.  A. saccharum increased its importance in the stand 

seemingly at the expense of F. grandifolia, which experienced a drastic decline in both 

density and dominance.  In fact, with the exception of A. saccharum and S. albidum, the 

ten most important species in 1988 at Laughery Bluff all experienced a decline in density
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of stems greater than or equal to 10 cm dbh.  L. tulipifera and Fraxinus spp., however, 

experienced a slight increase in dominance since 1968, surpassing F. grandifolia in 

importance, and now rank second and third in the category, respectively.   

 Although the total number of stems ≥ 10 cm dbh increased 17% at Dogwood 

Nature Preserve over the 43-year period due to an increase in A. saccharum stems, all of 

the other important species lost stems in this range.  Still, species such as L. tulipifera and 

Fraxinus spp. increased their dominance significantly since 1968, generally due to gains 

in the very largest size classes.  This has contributed to these species maintaining 

relatively high importance values, despite their decrease in density.  F. grandifolia 

remains the second most important species in this stand, though not by nearly as much as 

in 1988 or particularly 1968.  
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Successional trends  

 

Size-class data indicates that A. saccharum will continue to increase in 

importance in both preserves in the near future.  Laughery Bluff is already much more 

dominated by A. saccharum than in 1968, and the recruitment of stems in the lower size 

classes indicate that this trend will continue.  Coupled with the precipitous decline of F. 

grandifolia and the diminished recruitment of L. tulipifera into the smaller size classes, 

Laughery Bluff is becoming less diverse and more homogeneous.  The same can be said 

for Dogwood Preserve, which has seen a decline in density of most other species in the 

10-29.9 cm dbh size class.  For instance, there were 33 stems of Fraxinus spp. in this size 

class in 1968, but only three in 2011, illustrating this lack of replacement by species other 

than A. saccharum.  In addition, A. saccharum also accounted for a large proportion of 

the understory at both stands, but especially at Dogwood Preserve, where this species 

alone was estimated to outnumber all other stems between 1 and 9.9 cm dbh.  Other 

prominent understory species included L. benzoin and A. triloba; these are mature in this 

size range and will never become a component of the overstory in these forests. 
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Impending changes in community structure 

  

Laughery Bluff and Dogwood Nature Preserve have experienced significant 

changes in species composition over the last 43 years.  The cumulative effect of these 

changes has led to an increase in importance of A. saccharum in both stands.  Diversity in 

these forests is much lower than in 1968, as evidenced by most species decreasing in 

density and importance.  Furthermore, slight gains in importance of sub-dominant species 

such as L. tulipifera, N. sylvatica and Fraxinus spp. were mainly due to the maturation of 

older trees rather than increased recruitment of these species into the lower size classes.  

The majority of new entrants into the overstory and the smaller size classes were A. 

saccharum stems, while other species’ recruitment generally declined in this size range.  

These data suggest that A. saccharum will continue to increase its importance in these 

forests in the near future, at the expense of other historically important species.   
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Management Implications 

  

This study further documented the increase in the dominance of A. saccharum in 

the overstory and understory at the expense of other species.  This has resulted in an 

overall decrease in diversity throughout the two sites.  Current estimates of species 

regeneration based on the smaller stem size classes indicate that the trend of increasing A. 

saccharum dominance will continue.  This is especially true in Dogwood Preserve which 

demonstrated a more complete collapse of the understory and the establishment of a 

seemingly monoculture of A. saccharum.  If maintaining woody plant diversity is a 

management goal then strong measures would be needed to disturb the understory and 

address the seed rain from the large number of A. saccharum stems in the overstory. 

 Of particular concern is the establishment of Ailanthus altissima at Laughery 

Bluff Preserve.  While it was not a dominant species at this time, our observations 

indicated that it has become established in the northwest section of Laughery Bluff.  It is 

growing, reproducing and beginning to spread further into the preserve.  Seedlings were 

found some distance from any parent plants large enough to produce seeds.  The highest 

densities were found in the canopy gaps associated with the windthrows of large F. 

grandifolia stems.  However, control of this species appears possible with timely control 

efforts to kill reproductively mature stems without stimulating root sprouts along with 

parallel efforts to kill seedlings. 
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Comparisons to other old-growth forests in the area 

  

The decline of F. grandifolia and the expansion of A. saccharum at Laughery 

Bluff and Dogwood Preserve were consistent with findings from studies of some other 

old growth beech-maple forests in the region over the last 50 years (Forrester & Runkle, 

2000; Holmes, 2006).  Ward (1956; 1958) found that F. grandifolia importance was in 

decline while A. saccharum importance was increasing in a number of old-growth beech-

maple forests in Wisconsin.  Runkle (2000) later found that importance of A. saccharum 

in old-growth forests was increasing over much of eastern North America, while F. 

grandifolia importance was generally in decline.  Yet recent studies by Pinheiro (2008), 

Forrester and Runkle (2000), and Foré et. al (1997) in Ohio have shown that some old-

growth beech maple forests in that region have not changed much with respect to 

importance of  A. saccharum and F. grandifolia and that the latter is maintaining its 

status as a co-dominant species in these stands. 

 As has been documented in other forests in eastern North America, C. florida 

stems have all but disappeared from both stands surveyed.  Numerous cases of extreme 

C. florida die-off in the United States have been associated with the presence of Discula 

destructiva, a fungal pathogen which is responsible for causing dogwood anthracnose, the 

disease which eventually kills these trees (Redlin, 1991; Suchecki & Gibson, 2008).  

There is no evidence of this pathogen affecting C. florida trees in Indiana as studies in 

this area (Pierce et. al, 2008) have suggested that increased shading from the proliferation 

of A. saccharum in the canopy may be suppressing C. florida competitiveness as well. 
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 F. grandifolia has been affected by beech bark disease in New England, New 

York, and Pennsylvania and this is presumed to be responsible for the decline of beech 

populations in most forests in the northeast (Runkle, 1990; Latty, 2003).   At Laughery 

Bluff, Dogwood Preserve and other old-growth forests in Indiana, however, mortality of 

F. grandifolia cannot be attributed to beech bark disease given that it hasn’t spread to the 

area (USDA Forest Service, 2004).  In this region, most forest ecologists have attributed 

the decline in F. grandifolia to one or a combination of factors.  These controls include 

but are not limited to: a) the natural progression of beech-dominated forests in the area to 

a western or mixed mesophytic community (Braun, 1950; Ward, 1956; Vankat et. al, 

1975, (b) climate change (Ward, 1958), and (c) increased windthrow resulting from more 

turbulent storms (O’Hare, 1999).   

It is worth mentioning that Indiana lies on a western edge of the geographical 

range of F. grandifolia in the region and consequently Indiana beech-maple forests are 

located only a few hundred miles from areas which, due to one or more of these controls, 

do not support F. grandifolia populations.  Therefore, this species may be more 

susceptible to mortality or lack of replacement in Indiana than in the eastern parts of its 

range.  Also, some studies (Woods, 1979; Forrester & Runkle, 2000) have shown A. 

saccharum and F. grandifolia to reciprocally fluctuate in importance in old growth 

beech-maple forests; therefore the observed decline in F. grandifolia could be natural and 

in 100 years A. saccharum may be just as likely to be in decline while F. grandifolia 

assumes the overwhelmingly dominant position in these forests. 

Old-growth forests such as these are an important and rare remnant from our 

Earth’s past, dominated by old, late successional tree species.  These forests also include 
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shrubs and trees of different ages and numerous canopy gaps, resulting from fallen or 

standing dead trees.  Old-growth forests are ecologically significant because of their rich 

biodiversity and the essential habitat they provide for the species found there.  In 

addition, they serve as carbon sinks and play a crucial role in other aspects of nutrient 

cycling as well.  Such forests are both biologically and historically important, 

representing a portrait of what many pre-settlement forests were like.  For these reasons, 

old-growth forests should be protected and studied more intensely in the future.   
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