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Abstract

We measured the effect of location on growth patterns of sycamore trees (Platanus occidentalis)  in and around an abandoned limestone quarry (quarry, rim trail, river trail, meadow).  Sycamore trees have been documented as growing in quarries, strip-mined lands, and other stressful areas for years.  We wanted to determine the effect these stressful growing conditions might have on the trees.  We predicted that trees located in the quarry would grow slower, have lower limbs, and not reach the same sizes as trees in the other locations.   We sampled trees from the four different locations along transects.  Total height, diameter at breast height (DBH), and lowest live limb height were recorded for each tree.  The ages were estimated for a of trees from each location.  ANOVA ANCOVA, and chi-square analysis  were used to determine if significant statistical differences were present.  Results reflected a complex mixture of variables affecting the way trees grow.  We determined that trees growing at the rim trail and quarry grow at a similar rate, and trees growing at the river trail and in the meadow grow at a similar rate.  Trees are smaller and have lower limbs on average at the quarry and meadow than at the rim and river trails. Consistent growth rates possibly indicate similar levels of stress in the quarry and on the rim trail, and similar levels of stress in the meadow and on the river trail.  The data would support the hypothesis that the trees in the meadow are younger than the trees in the quarry, while the trees on the two trails are the oldest due to longest time since their last disturbance.  The lowest live limb data makes sense when considering the greater levels of competition for sunlight on the rim and river trails than at the quarry or meadow .  We have determined what is going on in the sycamore populations at the quarry, the next step is to determine why.  Some ideas about future studies are: spatial analysis of sycamores and their growing areas, determining water  and nutrient availability in the soil, and to learn the exact history of land use at the quarry and the surrounding areas.

Introduction


The Depauw Nature Park houses a variety of habitats suitable for plant life, including riversides, early-successional meadows, forests, and an abandoned limestone quarry.  These habitats vary substantially in vegetative composition, soil moisture, and competitive environment.  The quarry bottom (Fig.1) is a perfect example of recently disturbed primary successional area where conditions are very stressful but competition is minimal.  The meadow (Fig. 2) exemplifies a secondary successional area where the soil has also been recently disturbed, and where plant density is high. The rim trail (Fig. 3), which encircles the quarry bottom and borders forested land, is dry, rocky, and more stressful (in terms of water availability) than the river trail. The river trail is a floodplain (Fig. 4), home to alluvial soils.  It has experienced less recent disturbance than the other sites.  The one thing these four areas have in common is the sycamore tree(Platanus occidentalis.)
Needing only moisture, sunlight, and small amounts of soil, the sycamores are able to adapt to a variety of habitats and a wide range of soils (USDA). With heights reaching up to 37 meters and diameters up to 4 meters (USDA), sycamores can be among the largest trees in mature Eastern deciduous forests.   However, minimal resource requirements also make the sycamore one of the most prominent primary successional species to inhabit once-mined or disturbed areas. From 1928 to 1975, sycamore was one of the 10 most popular trees to plant on surface-mined soils in Indiana.  Volunteer sycamore saplings were also found in small numbers on an abandoned limestone quarry in Oklahoma (Sullivan 1994). 
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Hypothesis and Predictions

We know that sycamores are able to grow on a wide range of habitats, but the goal of our study is to determine the effects such habitats can have on patterns and rates of tree growth.  We predict that trees growing in the quarry bottom will be smaller and have lower lowest live branch heights than trees of the same age growing in more wooded areas with better soil.  

Methods

Tree selection varied slightly at my four different locations.  On the rim and river trails, I walked along established paths and selected the first 50 trees within 3 meters of the path.  In the Meadow I selected all the trees in the grassy meadow section of the plot and a random subset of trees surrounding the meadow in order to obtain 100 sample trees.  In the quarry bottom I walked along 5 established transects and selected all trees within 2 meters of the line.  This method yielded around 275 trees in the quarry bottom.

Three measurements were taken on each tree.  I first took the DBH using a meter tape or ruler.  I then determined the height of the tree and its lowest branch using a meter tape or clinometer (Fig. 5).   

The age was calculated for a subset of 39 trees.  The trees from each location were divided into four size groups from which three trees were selected.  The size groups, which were based on DBH, were as follows: too small to have a DBH, DBH of less than 2.5 cm, DBH of 2.5-8 cm, and a DBH of more than 8 cm.  The trees were aged by counting the rings on tree cores (Fig. 6) or discs (Fig. 7). 
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Results

Does tree size vary across the four locations?

Yes.  The DBH, height, and lowest live limb differ significantly across the four locations (DBH: F=23.0, df= 3,303, p<.001; height: F=57.3, df= 3, 471, p<.001; lowest live limb: F= 56.3, df= 3, 468, p<.001).  Trees at the rim and river trails consistently have a larger DBH, taller heights, and higher lowest live limb height than trees at the quarry or in the meadow (Fig. 8a-c).  These data all make sense when taking into account the history and conditions of the four locations.  Because the rim and river trails have had more time since their last disturbance, there are probably older trees at these locations.  These older trees should have greater DBH’s and heights than the younger trees at the quarry and meadow (Fig. 8a & b).  There is also a difference in the average heights between the quarry and meadow.  This can probably be explained by more intense competition for sunlight and less stressful abiotic conditions at the meadow than the quarry.  Sycamores in the meadow have to compete with grasses, willows, and other plants for sunlight causing them to grow taller than sycamores at the quarry.  The rim and river trail trees don’t have limbs growing as low to the ground as the limbs growing on the quarry and meadow trees (Fig. 8c), which may result from intense competition for sunlight and the shading out of lower limbs in the forested sites.  The meadow, which has lowest live limbs much lower than the rim and river trails, has less competition for sunlight. This permits lower live limb growth.  The trees in the quarry encounter almost no competition for sunlight and have the lowest live limbs out of the four locations
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Does location affect the size distribution of trees?


Yes.  The size distributions vary greatly from one location to the next (Fig. 9).  The calculated chi-squared value of 165.2 definitely exceeds the critical value of 16.919.    These size distributions (based on DBH) reflect variation across the sites, in factors such as abiotic stress, competition, and human disturbance.  The rim trail displays what could be considered an “expected” tree size distribution.  The strong competition for sunlight and many years since the last disturbance seem to have encouraged growth and survival of larger trees.  Younger trees in the population will not be able to compete for the sunlight and nutrients, and have not thrived.  The river trail has more small trees than expected.  I believe this is due to a human-made opening on the trail where competition for sunlight is less intense, and many smaller trees have been able to survive.  The remainder of the river trail has larger trees.  The distribution of the trees in the meadow reflects the unique growing situation of that site.  The majority of the smaller trees are located in the middle of the meadow, while the medium to large trees are generally located in areas surrounding the meadow where there has been less recent disturbance and more competition for sunlight.  The quarry is arguably the most stressful environment at the nature park in terms of water and nutrient availability.  It is somewhat surprising that the quarry is able to support as many large trees as it does.  The only explanation for this is that the quarry sycamore tree population is older on average than the meadow.  This would explain the increased number of larger trees.  Historical records may be used to test this hypothesis.
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Does location affect the heights and DBH’s of trees with respect to age?


Yes.  Overall, there is a significant positive relationship between age, DBH, and height.  As trees get older, they will get taller and larger around (Fig. 10), but slope differs among the sites for height (F=3.045, df=3,34, p<.05) and DBH (F=3.217, df=3, 25, p<.05). The slopes and r2 values clearly show there is a trend towards trees growing taller and larger around for a given age at the river trail and meadow than at the quarry and rim trail.  This would make sense if abiotic conditions were more stressful at the quarry and rim trail than the other sites.  This trend backs up the conclusion that the tree population at the meadow is younger than the other sites, including the quarry.  With trees at the meadow growing tall more rapidly than trees at the quarry, and the trees being larger on average at the quarry, I would hypothesize that the meadow trees are younger and will eventually be larger than the quarry trees.



Conclusions & Future Work

We have discovered some interesting growing patterns for sycamores at the quarry and other sites.  We know that the quarry and rim trail sycamores have similar growth patterns, in much the same way the trees at the river trail and meadow grow at similar rates.  We know that location has significant effects on height, DBH, and lowest live limb heights of the sycamores.  Now that we know what is going on, here is a list of things to do in the future that could shed some light on why these patterns persist:  

1. Study competition intensity at the four locations

2. Study water availability in the soil at the different    

locations

3. Study history of disturbance and land use at the 

sites—Were the sycamore trees planted in the quarry?

4. More detailed spatial analysis of sycamores and  

their growing areas

5. Continue monitoring sycamores over long-term 

because this is a great opportunity to observe succession in action!!
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Figures 1-4.  Clockwise from top left:  Quarry Bottom (1), Meadow (2), Rim trail (3), River trail (4).  Primary succession is onagoing at the QB site; secondary succession proceeds at the other sites.





Figure 5.  This diagram represents how the measurements were taken on each of the trees.  Measurements were taken with a meter tape when possible, but the clinometer was necessary for the taller trees.








Figure 6.  This tree core is how we aged the larger trees.  This tree core was removed from the tree at the same height DBH was measured.  Once sanded and coated with polyurethane, we used a dissecting scope to count the growth rings on each core.








Figure 7.  This is one of the discs we used to age the smaller trees.  Once sanded and coated with linseed oil, a dissecting scope was used to count the rings and age the trees.











Figure 8. These are comparisons of the average heights (8a), average DBH’s (8b), and average lowest live limb heights (8c) at the four locations.  Different letters indicate there is a siginificant statistical difference between the bars.  
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Figure 9.  Tree size distribution at each of the four locations.  The trees were placed into four standard size categories based on diameter at breast height.  








Figure 10.  Growth rates of sycamores with respect to age.  10a compares age vs. height and 10b compares age vs. DBH at the four locations.
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