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Abstract 

Understanding wet sclerophyll ecotones in Eastern Australia is vital for the 
conservation and management of rainforests and the preservation of biodiversity. 
However, the structural properties of these ecotones have gone largely unresearched. 
This study examines a wet sclerophyll ecotone and the surrounding vegetation at Sheoak 
Ridge in Far North Queensland. It provides tools for structural differentiation of several 
sclerophyll vegetation types and demonstrates that this ecotone, like many other wet 
sclerophyll ecotones, it a distinct ecosystem. It also contains an analysis of the structural 
aspects of the ecotone and provides preliminary support for the hypothesis that ecotones 
should exhibit intermediate values of continuous structural variables. This hypothesis 
provides new directions for future research, both on wet sclerophyll ecotones and 
ecotones in general. 

 

Introduction 
 

Sheoak Ridge is a unique and diverse area located at S 16° 39´ E 145° 24´ 

between Mowbray and Kuranda national parks in Far North Queensland. It contains a 

strip of rainforest, which joins the two parks, as well as other vegetation types such as 

sclerophyll forest. Sheoak Ridge is in the process of being protected under the terms of a 

perpetual conservation covenant, an arrangement that essentially establishes a privately 

owned national park. Government surveys using satellite images have divided the area 

into rainforest and sclerophyll forest. However, this type of analysis misses important 

differences within the sclerophyll forests, and confines the ecotonal boundary region to a 

line on a map. More than a line, this boundary between open forest and rainforest is “a 

variable ecotone that occupies space and consists of an interconnected gradient of 

environmental factors which link together these two contrasting forest communities” 

(Turton 1996). Previous studies have suggested that this type of ecotonal boundary region 
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is an ecosystem in its own right, with a unique structure and species not found in either of 

the bordering ecosystems (Turton 1996). 

Many studies have sought to determine the geological, topographical, and 

climatological factors that determine ecosystem boundaries. However, the boundaries 

between open forest and rainforest in eastern Australia are determined almost entirely by 

fire regimes (Smith 2004). Studies focusing specifically on these wet sclerophyll 

ecotones between the rainforest and the sclerophyll forest often comment on their floristic 

properties. However, they fail to fully examine the structural features of these ecotonal 

regions. For example, a study by S. Turton and G. Sexton, published in the Australian 

Journal of Ecology, examines canopy cover in addition to several floristic and soil related 

variables across five different open forest-rainforest boundary regions (Turton 1996). 

While canopy cover is a useful metric, it is not adequate to fully characterize the structure 

of a region’s vegetation.  

Ecotones and ecosystem boundaries are generally defined in terms of their 

floristic composition, however ecotonal regions should also exhibit structural 

characteristics of both adjacent ecosystems (Risser 1995). As noted in a study by Susan 

Walker et al. published in the Journal of Vegetation Science, the transition in structural 

properties may not occur simultaneously with the floristic transition, but will accompany 

it nonetheless (Walker 2003). This study aims to gain a better understanding of this 

structural transition.  

Though not as drastic, vegetation segmentation also occurs within the sclerophyll 

forests. These variations are also not well understood and their structural components 

have gone largely unexamined. This study seeks to provide a structural analysis of the 
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various vegetation types at Sheoak Ridge. In doing so it addresses five primary questions. 

Do the vegetation types observed as different actually differ structurally? If so, how do 

they differ? Are these six regions truly different ecosystems or just variations of the same 

ecosystem? In particular, should the ecotonal region be thought of as merely a transitional 

area, or as an ecosystem unto itself? And finally, what are the structural properties that 

define the ecotone? By answering these questions, this study aims to provide insight into 

rainforest-open forest boundary dynamics. These dynamics have “important implications 

for conservation and management of remaining rainforest remnants and edges of large 

continuous areas of rainforest” (Turton 1996). 

 
 

Methodology 
 

The study began with a visual examination of the study site. We observed three 

primary vegetation types: rainforest, sclerophyll forest, and the ecotone between the two. 

The sclerophyll forest area included four subregions, though some of these could 

potentially be considered ecotonal. To examine these regions, we randomly placed 

several ten-meter by ten-meter quadrats in each region. This size was chosen as the 

minimum required to obtain a representative sample of the ecosystem.  

Once we had established a given quadrat, we employed a method invented by 

Marcus Achatz, which we termed the Marcus Method, to measure grass height and 

density. Two people knelt at the midpoints of opposite sides of the quadrat, so that their 

eyes were one meter off of the ground. Each person then lowered a 10cm by 10cm piece 

of white paper until the other could no longer discern the square’s shape. At this point, 



 

4 

we measured the height of the top of the square and recorded this value. The Marcus 

Method process is shown in Figure 1.  

Figure 1 – The Marcus Method  
Alex Peers measuring the Marcus Number for one side of a quadrat. 

 

Photo by Marcus Achatz 

We repeated this process for all four sides, then averaged the values to give a 

Marcus Number for the quadrat. This approach is based on the Secchi disk for measuring 

water clarity, and has several benefits. It is able to capture aspects of the grass density 

and the grass height in one value. It also approximates the visibility of a large mammal 

such as a Macropod or dingo. 

GPS coordinates were recorded at the center of each quadrat. Photos of the 

canopy cover were also taken at the center of each quadrat. These photos were later 

converted to black and white and processed using a simple Java script to determine the 

percent canopy cover. The script, which calculates the percentage of the image that is 

black, was tested using images from A Guide to Agroforestry in BC and appeared to have 

an error margin of about + 5%. 



 

5 

The girth was measured for each tree in the quadrat over two meters in height. In 

cases where there were multiple trunks, we measured only the primary trunk. There were 

several quadrats with grasses over 2m in height, but these grasses were not included as 

trees. Girth measurements were taken at breast height (1.3m). The two tallest trees were 

measured using a clinometer and survey tape. The average of these two tallest trees has 

been termed the Canopy Height. We chose to consider only the two tallest trees due to 

time limitations.  

 All of these measurements were combined into six characteristics that represent 

the vegetation structure of the ecosystem. Five of them: Canopy Height, Canopy Cover, 

Marcus Number, Number of Trees and Total Area covered by tree trunks, can each be 

summarized in a single number, while the sixth, Tree Girths, is represented as a 

distribution for each quadrat. Though it is possible to calculate an average girth for each 

quadrat, the average is not reflective of the actual structure of the quadrat because it is the 

outliers such as very large trees that tend to define the ecosystem. Furthermore, because 

the girth data contains replicates, it is more powerful if analyzed separately. The method 

of calculating each of these characteristics is summarized in Table 1 and the raw data is 

presented in Appendix Table i.  
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Table 1 – Vegetation Characteristics 
Summary of the vegetation characteristics recorded for each quadrat and how they were measured/calculated. 

Quadrat Characteristic Method of Calculation 
Canopy Height Here Canopy Height is used to refer to the 

average height of the two tallest trees. 
These were measured using a manual 
clinometer and measuring tape 

Canopy Cover Based on a photo taken of the canopy from 
the center of each quadrat. These photos 
were converted to black and white images 
and processed using a Java script. 

Marcus Number The average of four measurements, one 
taken from each side of the quadrat. Each 
of these measurements represents the 
height at which a 10 by 10 cm white square 
can be seen by an observer 1m off the 
ground on the opposite side of the quadrat. 

Total Area The total area of the quadrat occupied by 
tree trunks at 1.3m off the ground. 
Calculated from measurement of tree 
circumference assuming cylindrical trees. 

Number of Trees The number of trees of height greater than 
2 m. This does not include grasses over 2m 
in height and does not double count trees 
that split below 1.3m. 

Tree Girth The circumference of each tree over 2m in 
height is included in the set of tree girths 
for each quadrat. 

 

 

Results 
 

 The regions we visually identified as containing distinct vegetation types were: 

Rainforest, Ecotone, Acacia (a potentially ecotonal region dominate by Acacia 

mangium), Open Woodland 1, Paperbark (Open Woodland 2), and Open Woodland 3. 

These regions and the sites of the quadrats are shown in Figure 2. 
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Figure 2 – Quadrat Locations and Vegetation Types 
The satellite image below displays the locations of our 27 quadrats. The images below show representative 
images of each vegetation type. 

 

To determine if our visually identified vegetation types exhibited structural 

differences, a multivariate analysis was run on the first five variables and an ANOVA 

was run on the sets of Tree Girths. The result of the multivariate analysis is shown in 

Figure 3. The distance between any two points in the plot represents the level of 

difference between the corresponding quadrats. The fact that quadrats of the same 

vegetation type tend to be clustered together suggests that these six regions are 

structurally distinct.  
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Figure 31 – Multivariate Analysis of Structural Variables 
In the plot below the distance between points represents the level of difference between the corresponding 
quadrats.  

 
Table 2 displays these results numerically by comparing each region with every 

other. A P-value of less than .05 implies that the two regions are significantly different. 

That many of the structural differences are not significant is likely the result of the small 

sample sizes, particularly for the Rainforest region, where data was collected from only 

two quadrats. 

Table 2 – Significance of Differences in Multivariate Analysis 
This table contains the P-values resulting from the above multivariate analysis. Red P-values ( those less than 
.05) imply a statistically significant difference between regions. 

 Rainforest Ecotone Acacia Open 1 Paperbark Open 3 

Rainforest 1.00 0.08 0.1687 0.054 0.002 0.021 

Ecotone 0.08 1.00 0.076 0.287 0.007 0.013 

Acacia 0.1687 0.076 1.00 0.186 0.006 0.646 

Open 1 0.054 0.287 0.186 1.00 0.049 0.103 

Paperbark 0.002 0.007 0.006 0.049 1.00 0.001 

Open 3 0.021 0.013 0.646 0.103 0.001 1.00 

                                                
1 This analysis excludes one outlier from the Open 1 region. The removal of this point has little effect on 
the P-values in table 2, but avoids the skewing of the plot in Figure 3. 
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 The distribution of Tree Girths was not included in the multivariate analysis 

because it contains replicates. Instead, the Tree Girths for each vegetation type were 

aggregated and analyzed using an ANOVA. This resulted in a P-value of 5.63 x 10-21, 

meaning that there are significant differences between the distributions. T-tests were 

performed to determine which pairs of regions have significant differences in their girth 

distributions. The results are summarized in Table 3.  

Table 3 – Significance of Difference in Girth Distribution Between Regions 
The table below displays P-values for T-tests run on Girths data for each pair of vegetation types. Red 
values (less than .05) imply statistical significance. 
 
 Rainforest Ecotone Acacia Open 1 Paperbark Open 3 

Rainforest 1.00 0.56 0.0003 0.11 0.11 0.0000004 

Ecotone 0.56 1.00 0.0001 0.01 0.0000005 0.00000003 

Acacia 0.0003 0.0001 1.00 0.002 0.001 0.81 

Open 1 0.11 0.01 0.002 1.00 0.80 0.00001 

Paperbark 0.11 0.0000005 0.001 0.80 1.00 0.000003 

Open 3 0.0000004 0.00000003 0.81 0.00001 0.000003 1.00 

 

Because the multivariate analysis and the Girth Distribution T-tests are independent tests 

of the same hypothesis, namely that these regions are structurally distinct, their P-values 

can be combine using Fisher’s Method. Table 4 presents the result of this combination. 

Fisher’s Method converts the P-values into a chi-squared distribution with two degrees of 

freedom. Thus values greater than 5.99 imply significance in Table 4. The Acacia region 

and the Open Woodland 3 region are the only two vegetation types that do not exhibit 

significant structural differences. 
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Table 4 – Significance of Structural Difference Using Fisher’s Method 
 This table contains the combined results of the multivariate analysis and the Girth Distribution T-tests. 
Values of greater than 5.99 imply a significant structural difference between the two regions. 

 Rainforest Ecotone Acacia Open 1 Paperbark Open 3 

Rainforest 0.0 6.2 19.8 10.3 16.8 37.2 

Ecotone 6.2 0.0 23.6 11.7 38.9 43.3 

Acacia 19.8 23.6 0.0 15.8 24.0 1.3 

Open 1 10.3 11.7 15.8 0.0 6.5 27.6 

Paperbark 16.8 38.9 24.0 6.5 0.0 39.2 

Open 3 37.2 43.3 1.3 27.6 39.2 0.0 

  

To determine how the six vegetation types differ, Figures 4-8 contain box plots showing 

the distributions of Canopy Cover, Marcus Number, Canopy Height, Number of Trees, 

and Total Area measurements for each of the six regions. The boxes and whiskers 

represent the four quartiles of the data. Separate individual data points represent outliers. 

 

Figure 4 – Percent Canopy Cover by Vegetation Type 
The bars and whiskers represent the quartiles of the distributions of % cover values for each vegetation type. 
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Figure 5 – Marcus Number by Vegetation Type 
The bars and whiskers represent the quartiles of the distributions of Marcus Numbers for each vegetation 
type. 

 
Figure 6 – Number of Trees by Vegetation Type 
The bars and whiskers represent the quartiles of the distributions of Number of Trees values for each 
vegetation type. 

 
Figure 7 – Canopy Height by Vegetation Type 
The bars and whiskers represent the quartiles of the distributions of Canopy Height values for each vegetation 
type. 
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Figure 8 – Total Area by Vegetation Type 
The bars and whiskers represent the quartiles of the distributions of Total Area values for each vegetation 
type. 

 

There are also some relationships between variables that hold across all of the regions. 

Figure 9 shows the moderate positive correlations between Canopy Cover and Number of 

Trees. Figures 12 and 13 show the stronger negative correlation between Canopy Cover 

and Marcus Number, and Number of Trees and Marcus Number respectively.  

 
Figure 9 – Canopy Cover vs. Number of Trees 
There is a weak positive correlation between Canopy Cover and Tree Density. 
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Figure 10 – Canopy Cover vs. Marcus Number  
There is a fairly strong negative correlation between Canopy Cover and Marcus Number. 

 
 
 
Figure 11 – Number of Trees vs. Marcus Number 
There is a fairly strong negative correlation between Tree Density and Marcus Number. 
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Discussion 
 
Structural Differentiation of the Six Regions 

The first question that must be addressed with respect to the data is whether the 

six regions we identified visually are structurally distinct. To answer this questions a 

multivariate analysis was performed on the five structural variables that do not contain 

replicates, namely: Canopy Cover, Canopy Height, Number of Trees, Total Area, and 

Marcus Number. Figure 3 and Table 2 summarize the results of this analysis. Because the 

points in Figure 3 tend to be clumped with other points from the same region, it is 

apparent that most quadrats within a region are more similar to other quadrats in the same 

region than to those outside of it. This suggests that these regions are structurally distinct. 

Table 2, which displays the P-values for each pair of vegetation types, confirms this 

result. Despite the small sample size, several of the region comparisons show a 

significant difference. Even many of the regions that do not meet the .05 threshold have 

relatively small P-values and the difference would likely be significant given a larger 

sample size. 

 Because there were replicates in the Tree Girth data, it was analyzed separately 

from the other five structural variables. T-tests were used to compare the Girth 

Distribution of each region against the Girth Distribution of every other. The P-values 

from these T-tests are presented in table 3. 

 The results of these two tests were then combined using Fisher’s Method. This 

method combines P-values and converts them into a chi-squared distribution, in this case 

with two degrees of freedom. The results of this combination, shown in Table 4, 
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demonstrate that the only pair of regions that lack significant structural differences are 

the Acacia region and Open Woodland 3. 

As shown in Figure 2, these regions were on opposite sides of our study site. As 

discussed in the unpublished work of Alex Peers, these two regions were dominated by 

different types of trees, Acacia mangium and eucalypts respectively, and shared only 

three species of tree (Peers 2011). This suggests a limitation in the ability of structural 

analysis. It is clearly possible for two regions to be floristically different but structurally 

similar. 

 

How do the Regions Differ? 

Figures 4-8 provide a picture of how the six regions differ. As shown in Figure 4, 

the Rainforest can be differentiated from other regions on the basis of Canopy Cover. The 

Ecotone and Acacia Region also have relatively dense canopies and can be distinguished 

from the Paperbark and Open 3 regions on this basis. Rainforest has a closed canopy at 

around 80% cover, the Ecotonal region has a median cover of about 60%, and the Acacia 

region has a median cover of just below 50%. Both Open Woodland 1 and Open 

Woodland 3 exhibit Canopy Covers of around 35% while the Paperbark region is even 

more open with a cover around 25%.  

 Marcus Number follows essentially the inverse trend. The Rainforest contains no 

grass cover. This lack of grass is one of the most straightforward ways to identify the 

Rainforest. The Ecotone also has less grass cover than the other vegetation types with a 

Marcus Number of around 15cm. While the Paperbark region contains the highest 
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Marcus Number at 50cm, the other three regions, Acacia, Open 1, and Open 3 have only 

slightly lower ranges. 

 Total Number of Trees appears to decrease with distance from the rainforest. The 

one exception is the Acacia region, which contains only about 12 trees per quadrat, a 

similar value to Open 3. Because the ranges of adjacent regions tend to overlap, Tree 

Density is not a useful variable in determining region boundaries except between Ecotone 

and Acacia. However, can be useful in characterizing regions in comparison to non-

adjacent vegetation types. 

 Canopy Height divides the regions into two categories. The Rainforest, Ecotone, 

Acacia, and Open 3 regions all have median Canopy Heights of between 21m and 24m, 

while Open 1 and the Paperbark region exhibit median Canopy Heights of between 10m 

and 15m. 

 There is a great deal of variability in Total Area within many of the regions. This 

leads to overlap between all adjacent vegetation types except for Open 3 and Paperbark. 

Rainforest and Acacia trees occupy the most area, at just below 6,000 cm2 and 5,000 cm2 

respectively, while the trees in the Paperbark region occupied the least area at around 

1,000 cm2. However, because of the wide ranges, Total Area does little to distinguish the 

regions. Table ii in the appendix contains a summary of the above analysis and would be 

useful in differentiating these six vegetation types.  

 

Are the six regions distinct ecosystems? 

  Having established the structural differences between the six regions, it becomes 

pertinent to ask whether these differences imply distinct ecosystems, or simply variation 
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within the same ecosystem. Ecosystems are generally defined as ecological systems 

consisting of all plants, animals, and microorganisms functioning together with the 

abiotic elements of the environment (Christopherson 1997). Since the Acacia region and 

the Open Woodland 3 contained very different flora but a similar structure, it is clear that 

structural factors cannot be used to conclude that two regions are the same ecosystem, 

however, they can potentially be used to conclude that two regions are distinct 

ecosystems.  

Canopy Cover and Number of Trees in particular influence all aspects of a region. 

Numerous studies have shown that these variables influence everything from tree frog 

abundance, to seed germination, to soil nitrogen and phosphorus content in a variety of 

different environments (Binckley 2007; Kim 2004). In our study area, these variables 

appear to influence the grass cover. As shown in Figures 10 and 11, both of these 

variables are well correlated with Marcus Number. Interestingly, they are not as well 

correlated with each other (see Figure 9), suggesting that their effects on Marcus Number 

are somewhat distinct. Because these variables affect the growth of grass and likely 

influence many other aspects of the ecosystem, they are the best structural indicators to 

use in differentiating ecosystems. Using only these two variables, it is apparent that 

rainforest, ecotone, and sclerophyll forest are different ecosystems. This can be seen by 

observing Figures 4 and 6. The ecotone range of Canopy Cover values does not overlap 

with that of the rainforest and the ecotone range of Number of Trees values does not 

overlap with that of the Open 1 region. However, it is not clear whether the different 

types of sclerophyll represent different ecosystems. The structural data would have to be 
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combined with other data such as floristic data, fauna observations, or measurements of 

the microbial community in order to provide a more definitive answer. 

 When combined with the unpublished observations of Alex Peers, this data 

provides a strong case that the ecotone is an ecosystem, distinct from those on either side. 

Not only does it differ from the Rainforest and Open 1 region in terms of Canopy Cover 

and Number of Trees, but it also contains several pioneer species not found in other 

regions (Peers 2011). Several researchers have found this type of ecotone to be a distinct 

ecosystem, and as such, our result is in line with the relevant literature (Gilhson 1970; 

Hopkins 1983). 

 

Structural Characteristics of Ecotones 

 Given that the ecotone is distinct, it is possible to identify the structural properties 

that define it. This in turn can shed light on the question of whether there are structural 

characteristics that define ecotones in general and could potentially be used to identify 

ecotones in the future.  

 From a purely mathematical viewpoint, continuous structural variables must have 

intermediate values at some point in an ecotone. To see why this is the case, consider the 

following. If a continuous variable X has a specific value in Ecosystem E, and a distinct 

value in Ecosystem F, then it must have an intermediate value at some point in between E 

and F because it is continuous. Since the region between the two ecosystems is, by 

definition, the ecotone, one would expect this to be the region of intermediate value. 

While it is possible for this intermediate value to occur over only a small fraction of the 
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ecotone, making it difficult to observe, it is herein hypothesized that this is unlikely to 

occur, except in extreme circumstances such as shortly after a fire. 

Canopy Cover and Marcus Number are the only strictly continuous variables we 

measured since a small shift in the location of a quadrat cannot produce a large change in 

either of these variables. However, Total Area and Number of Trees are also roughly 

continuous because small changes in quadrat placement are very unlikely to cause 

marked changes in either of these variables. Canopy Height, as measured in this study, is 

not a continuous variable. A small shift in quadrat location could easily result in the 

inclusion or exclusion of one of the two tallest trees. For this reason, Canopy Height is 

ignored in the following analysis. 

 The hypothesis that the ecotone will contain intermediate values of continuous 

structural variables can easily be tested using the four variables described above. Because 

the Acacia region occurred only in a small area and not along the entire Ecotone/Open 1 

boundary, it is most useful to consider Rainforest as one adjacent ecosystem and Open 1 

as the other. The ecotonal region contains intermediate median values of three of the four 

continuous structural variables, Canopy Cover, Marcus Number, and Number of Trees 

(see Figures 4, 5, and 6). The fourth variable, Total Area, is less supportive of the 

hypothesis. While the Ecotone’s range of Total Area values is slightly higher than that of 

the Open 1 region, the two regions have the same median value (see Figure 8). This data 

lends some support to our hypothesis, however none of these comparisons are statistically 

significant because of the small sample sizes. More research would be required to 

validate and generalize the hypothesis. 
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 Even if the hypothesis is proved correct, it still has several limitations. It is 

impossible to use exclusively structural criteria to identify an ecotone. Even if it is the 

case that all ecotones contain intermediate values of continuous structural variables, this 

does not imply the converse, that all regions with these characteristics must be ecotones. 

At best, structural properties could be a means of quickly identifying potentially ecotonal 

areas to be examined further using a floristic approach. Even this would rely on 

assumptions about which ecosystems are the bordering regions. For instance, if we take 

the Rainforest to be one border region and the Paperbark to be the other, then everything 

in between could potentially be considered part of one large ecotone despite the internal 

variability. 

 

Conclusion 
 

Structural characteristics of vegetation provide valuable insight for analyzing and 

differentiating ecosystems. At Sheoak Ridge, we confirmed the existence of 6 distinct 

regions making up at least three distinct ecosystems. The most useful variables in 

distinguishing these ecosystems are Canopy Cover and Tree Density because they 

influence other aspects of the ecosystem. However, these structural characteristics are 

insufficient to determine whether the four different sclerophyll regions should be 

considered distinct ecosystems. 

The structure of the ecotonal region is in between that of the Rainforest and that 

of the Open 1 region with respect to three of the four continues variables. While this 

lends credibility to the theoretical prediction that ecotones should have intermediate 
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values of continuous structural variables, more research must be undertaken to determine 

if this is a general pattern. 

In a larger context, research on ecotones, particularly at rainforest edges, is vital 

for the management of these ecosystems. “Ecotones intensify, if not control, movement 

of materials and can be managed to produce natural products and affect ecological 

processes” (Riser 1995). Because ecotones are likely to exhibit the impacts of climate 

change before their surrounding ecosystems, research on ecotones “may have 

significance for management in the face of climate change” (Walker 2003). Fire regimes 

and national parks are often established based on vegetation types and rainforest edges, 

so understanding these edges can have a direct effect on policy decisions (Queensland 

Government Fire Management Guidelines).  

Ecotones are also important in their own right. They provide some of the most 

diverse ecosystems on earth and are home to some species found in neither adjacent 

ecosystem. In Australia, ecotones are particularly difficult to study and understand 

because they are constantly reshaped by fire. However, understanding them is key in 

maintaining their biodiversity.  

Structural characteristics of ecotones are an intellectually intriguing and 

understudied area. There is much work to be done, but a starting point could be to 

investigate the claim that ecotones have intermediate values of continuous structural 

variables. Future research should also include the collection of floristic data as a 

benchmark to compare against, since the floristic characteristics of ecotones are more 

widely researched and more commonly used in ecotone definitions. As demonstrated by 

our low-tech methodology, collecting data on the structure of ecotones need not be 
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difficult or complex. However, this data may provide invaluable insight for conservation, 

management and scientific understanding. 
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Appendix 
 
Table i - Raw Data 
This is the raw data we collected from our 27 quadrats 
Vegetation Type Canopy 

Cove 
(%) 

Marcus 
Number 
(cm) 

Avg of 2 
Tallest 
Trees (m) 

# of Trees Total 
Area 
(cm2) 

Accacia 52.4 43.8 23.3 12 4554 
Accacia 46.5 43.8 23.2 5 2184 
Accacia 44.6 36.0 23.2 18 6855 
Open Woodland Type 1 27.1 65.8 9.2 4 46 
Open Woodland Type 1 40.0 86.6 12.2 10 762 
Open Woodland Type 1 53.4 45.8 15.5 10 2397 
Open Woodland Type 1 48.7 33.5 14.8 25 8299 
Open Woodland Type 1 36.3 43.3 13.8 28 1996 
Open Woodland Type 1 32.8 32.5 12.5 41 2159 
Open Woodland Type 1 34.4 30.0 14.4 34 1728 
Paperbark 28.7 58.0 10.0 18 1131 
Paperbark 23.1 56.0 10.1 17 897 
Paperbark 10.8 49.8 6.4 19 538 
Paperbark 21.0 49.8 9.4 16 969 
Paperbark 23.6 59.5 9.8 25 1430 
Open Woodland Type 3 44.0 72.0 11.7 13 1578 
Open Woodland Type 3 33.9 58.5 24.9 9 6044 
Open Woodland Type 3 29.9 48.8 19.1 8 3945 
Rainforest 75.3 0.0 27.6 60 4695 
Rainforest 84.7 0.0 18.7 60 6822 
Ecotone 60.9 12.5 24.3 49 1065 
Ecotone 69.3 14.7 18.7 49 2143 
Ecotone 45.2 15.3 24.3 66 4777 
Ecotone 69.5 5.3 18.7 30 1807 
Open Woodland Type 3 38.6 60.5 19.9 8 3223 
Open Woodland Type 3 35.4 37.3 22.4 13 3550 
Open Woodland Type 3 47.2 36.0 18.6 9 2618 
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Table ii – Differentiating Criteria for the Six Vegetation Types 
This table summarizes the median values of each variable for each vegetation type and specifies which criteria can best be used to differentiate between each pair of 
vegetation types. 

Median Value Mean Variables Showing Structural Difference 

Region Canopy 
Cover 
(%) 

Marcus 
Number 
(cm) 

Canopy 
Height 
(m) 

# of 
Trees 

Total 
Area 
(cm2) 

Girth 
(cm) 

Rainforest Ecotone Acacia Open 1 Paperbark Open 3 

Rainforest 
80.0 0.0 23.1 60.0 5758 52.07 

NA MN, CC MN, CC, 
NT, GD 

MN, CC, 
NT, CH, TA 

MN, CC, 
NT, CH, TA 

MN, CC, 
NT, TA, GD 

Ecotone 
65.1 13.6 21.5 49.0 1975 24.13 

MN, CC NA MN, NT, 
GD 

MN, CP, 
GD 

CC, MN, 
NT, CH, GD 

CC, MN, 
NT, GD 

Acacia 
46.5 43.8 23.2 12.0 4554 23.47 

MN, CC, 
NT, GD 

MN, NT, 
GD 

NA CH, GD CC, TA, CH CC 

Open 1 
36.3 43.3 13.8 25.0 1996 51.31 

MN, CC, 
NT, CH, TA 

MN, CH, 
GD 

CH, GD NA GD CH 

Paperbark 

23.1 56.0 9.8 18.0 969 18.87 

MN, CC, 
NT, CH, TA 

CC, MN, 
NT, CH, 
GD 

CC, TA, 
CH 

GD NA CC, CH, 
NT, TA, GD 

Open 3 
37.0 53.6 19.5 9.0 3387 17.12 

MN, CC, 
NT, TA, GD 

CC, MN, 
NT, GD 

CC CH CC, CH, 
NT, TA, GD 

NA 

Legend: CC=Canopy Cover, MN=Marcus Number, CH=Canopy Height, NT=Number of Trees, TA=Total Area, GD=Girth Distribution, NA=Not Applicable 
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