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 4) Crown Structure – Methods 

In this section, the methods used in mapping the crown structure of the study 

trees are presented. A definition of elements is established first. The concept of “a 

branch” is discussed in detail. The concept of branch resolution and generation is 

discussed. A framework for measuring the decomposition, geometry, and topology of 

a tree using stacked, relative, spherical pocometric coordinates is presented. The 

information actually collected in the field is listed, and the process of generating and 

analysing tree structural descriptor variables from this information is described. The 

layers used in generating a 3-dimensional computer arborograph illustration are 

shown, followed by a novel method of measuring structural complexity based on the 

amount of information required to display the tree map. Finally, the structural features 

recorded in the field are introduced. 

4.1 Definition of tree elements 

Working definitions of several terms are presented to assist in understanding 

the data. Moffett (2000) organizes several definitions of concepts in canopy biology. 

He specifically highlights the divergent perceptions of what is  “a branch” to remind 

authors to “clearly specify they are establishing a novel usage.” To that end, detailed 

definitions are presented for the tree trunk, and the branches. 

Trunk definition: The identification of the trunk and branches of a given tree 

may seem obvious, but their measurement in studies of structure requires careful 

definition. The trunk is the main vertical stem of a tree, usually descended from 

successive terminal buds and dominant over other vertical stems in the tree (Moffett, 

2000). In wet sclerophyll tall Eucalyptus forests, the distinction of a trunk is much 

more apparent than in multiple stemmed trees such as the dry mallee eucalypts.  

While not always vertical (Ishii & Higashi, 1998; Jacobs, 1937), the trunk is usually 

more vertical than any of its branches (Figures 4.1, 4.2). Leaning trees were not 

considered safe for access and therefore tree selection was biased towards completely 

upright trees.  
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Figure 4.1 (left): M. Cracknell at a steeply tilted old E. obliqua 

Figure 4.2 (right): Old E. obliqua leaning over stream. Some of the branches are more vertical than the 

trunk. 

The trunk may split into several contender branches vying for crown 

dominance (Figures 4.3, 4.4, 4.5, 4.6). The trunk may be considered to end where no 

single definitive leader can be distinguished, or where the trunk has broken or lost 

dominance, and the definitive treetop leader is a branch that arises laterally and 

grows upward (Hadlington & Johnston, 1988; Sillett & Van Pelt, 2000).  

    
Figure 4.3 (left): E. obliqua ~100 years old visible from the Airwalk showing contenders 

Figure 4.4 (right): Old E. obliqua with several resprout contenders from two large original contenders, 

visible from tree 16. 
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Figure 4.5 (left): Several failing contenders in the largest known E. obliqua, “Gothmog” Styx Valley 

Tasmania 

Figure 4.6 (right): Several failing contenders in Thuja plicata “Quinault Giant,” the largest known non-

Sequoia tree, Olympic Peninsula, USA. Note similarity with previous figure. 

 

Branches and resolution levels: A central concept in the measurement of any 

“branch” is the definition of the resolution level (Godin, 2000). Only two truly fixed 

resolution levels exist: the entire plant and the individual buds.  At the most basic 

level, an entire tree is viewed a single unit with no branching (Coder, 2000; Van Pelt 

& North, 1996). At the most advanced scale, every single leaf and bud on a plant is 

addressed (Figure 4.7) (Hanan & Room, 1997; Kelly et al., 2004).   

Halle (1995) identifies an intermediate level of resolution, the reiterated 

architectural unit. These are repeated structures that are a microcosm of the entire 

plant. In Eucalyptus, these are the “crown units” (Jacobs, 1955) or “foliar units” (Van 

Pelt et al., 2004) (Figures 4.8, 4.9, 4.10). 
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Figure 4 .7: Every leaf of an E. astringens  sapling digitally fixed in space, demonstrating maximum 

resolution at a bud level. Image generated and supplied by Natalie Kelly, University of 

Melbourne- Creswick Forestry School. . 
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Figures 4.8, 4.9, 4.10: Physically one of the smallest eucalypts, the Western Australian E. sepulcralis 

(top, left) shows a superficially similar structure to the vigorous reiterated foliage units 

growing from parent branches the much larger E. obliqua crown (right). 

Inevitably, one must compromise between the two extremes of resolution. 

Practical considerations of time, effort, and organization will force a researcher to 

summarize the finest branches. This decision delineates the resolution level. In the 

context of this study, “branches” are above the resolution level, and “branchlets” are 

below the resolution level. In analogy, a table of contents does not list every word, or 

every sentence, in a book. Listing every sentence would be impractical. There are 

three distinct approaches to setting a resolution level (Figure 4.11): 
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1) Setting resolution by size: branches greater than a certain diameter or 

length are measured, as used in Van Pelt et al. (2004b); or choosing the larger branch 

at each branching node, 

2) Setting resolution by branch characteristic: foliar units, branches 

extending from the trunk or a vertically reiterated trunk, as used in Clement &

Shaw (1999) and Ishii &Wilson (2001).  

3) Setting resolution by branching generation: lateral branches sprouting 

from primary branches sprouting from the trunk are second generation branches 

(Attiwill, 1962; Godin, 2000); or in the other direction, where leaf buds are the base 

unit and parent branches are counted inwards to the root or trunk (Hanan & Room, 

1997). The observed branching generation is not necessarily equivalent to the actual 

bud generation. Bud mortality and epicormic branching can create a current structure 

that deviates from the original growth model. If identification of Halle’s (1995) 

reiterations is possible with precision, these units can define the resolution level. 

 
Figure 4.11: Generation, resolution, and terminal concepts illustrated. Branching generation is counted 

from the base outwards instead of from the terminations inward. Note that not all branching 

points are bifurcations. Also note that branches of the same generation can be of different 

lengths. While not illustrated, terminal branches may be of different generations.  
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A branch originates from a single parent branch or trunk location, and may 

have multiple children branches growing from it. These children branches are sister 

branches to each other. The exponential growth in the number of branches as 

resolution level becomes finer precludes field measurements of every one for even 

small trees (with Kelly et al. (2004) a notable exception). Branchlets are the 

unmeasured branches below the level of resolution.  A practical working definition 

of a “branch” summarizes and encompasses all of the children branchlets from a 

given parent location.  

Terminal branch measurements have no children branch measurements.  

Moffett (2000) defines a terminal branch as the smallest shoots on a tree. In the 

context of the present study, terminal refers to the smallest measured branches.  

Segment branch measurements are associated with further measurements of its 

children branches. These children branches may be segments with children 

themselves, or terminal. 

Branching generation does not imply a fixed periodicity (Romanski, 2004). 

The physical length or time between branching points may differ between 

generations. The assigned generations may not be equivalent to the actual bud 

generation. In the present study, branching generation is based on observed wood 

structure. 

When referring to branching patterns, an analogy with human ancestral 

lineage is used for descriptive purposes. The terminal branches are the current 

generation- you and your sisters. The branchlets below the resolution line are your 

unborn children (born by parthenogenesis). The branch you sprout from is your 

parent, and its parent is your grandparent. The branching path that leads to you is 

your lineage. The base of the entire tree is the ancestor of your whole family. 

To study E. obliqua, a large tree with multi-generational branching pattern, 

branch characteristics and branch size were used simultaneously to generate two 

resolution levels. The measured branching system was based on the observed wood 

structure, rather than the actual bud and vascular developmental structure. 

All branches originating from the trunk (a characteristic) were measured as 

terminal branches, defining the first, coarser resolution levels. These were the simple 

branches. 
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Subsequent branchings below this level were measured again, down to an 

attempted size of  ~15 cm starting diameter (a size). This was the second, finer 

resolution level. These were the complex branches. Branchlets smaller than ~15 cm 

resolution were summarized into terminal measurements, and those larger were 

measured in more detail by segments and their associated children measurements. 

However, practical difficulties of access and time can generate variability in this 

resolution. The base of a complex branch is the segment connected to the trunk. 

Care in analysis must be taken when comparing parent branches with children 

branches, as they are not independent sampling units. Even comparing branches 

within the same tree can be problematic, because they are linked entities within the 

same system. Looking at branches as individual units (Halle, 1995; Ishii et al., 2000) 

is a valid approach, but one slightly less stable than looking at them as elements 

placed along a continuum from the base of the tree to the smallest branchlets, or a 

continuum along the trunk the crown (Ishii et al., 2002; Ishii & McDowell, 2001).   

In coniferous trees, where reiterated stems grow upwards from limbs, and 

branches grow horizontally from stems, distinguishing branches from secondary 

trunks is simple. The upright stems allow for a fixed resolution using a characteristic 

rule (Van Pelt & Nadkarni, 2004). In wet sclerophyll Eucalyptus, the distinction 

between “limbs” and “branches” as used in Van Pelt et al. (2004b) is problematic 

due to the absence of true reiterations (Kelly, 2004). They define a limb as leading to 

a reiteration, which is “architecturally indistinguishable from freestanding trees.” The 

reiterated foliar crown unit in Eucalyptus is actually below the resolution level of 

their data, as well as that of the present research (Jacobs, 1955).  

A further bias in resolution comes from the selection of the highest climbable 

branch, estimated in an exceedingly conservative manner by combining instinct, 

safety considerations, and climber caution.   

The absolute treetop summit is intrinsically unreachable by rope techniques, a 

situation exacerbated by the dead tops of the old trees. At the highest safe climbing 

anchor, the crown above was measured as best as possible, and the uppermost 

branches summarized in the same manner as a whole branch. 

Furthermore, anyone observing tree branching patterns should remember that 

the fields of crown structure and canopy physical shape are only examining the aerial 
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portions of plants (Figure 4.12). An equally complex, understudied branching system 

exists underground in the form of roots (Lowman et al., 1987). Roots may respond 

similarly to factors such as herbivory and resource availability (Mopper et al., 

1991).When looking up in the forest, one should remember the description of the 

forest canopy as “roots to the sky” (Alvarez, 2002).   

  

 
Figure 4.12: Looking downwards in the crown of old E. regnans in Wallaby Creek, Victoria  

Original and Epicormic Branches: Connected to the trunk and generally 

directed laterally are original and resprouted epicormic branch systems. (Ishii & 

Ford, 2001; Jacobs, 1955)  

Original branches begin as lateral buds at the growing tip of the tree.  

Consequently, as the tree ages, original branches can be traced centre of the tree and 

have grown radially from and proportionally with the trunk. 

 By contrast, epicormic branches sprout from hormonally suppressed buds 

beneath the bark of the trunk or branches (Figure 4.13) (Jacobs, 1955; Romanski, 

2004).  These buds are released in response to fire, herbivory or branch decline. 

Epicormic branches are connected to the wood of the tree only to the depth 

corresponding to the living cambium at the time of sprouting, and frequently grow on 
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a tangent from its surface. Eucalyptus trees defoliated by fire can grow an epicormic 

secondary crown (Figures 4.14, 4.17) (Jacobs, 1955). 

Mature epicormics may be difficult to distinguish from original branches 

(Jacobs, 1955). Original branches are radially connected, and proportional in size to, 

their parent branch or trunk, and often arise opposite to another original branch, 

while epicormic branches are often tangentially connected to and significantly 

smaller than their parent, and may appear at irregular locations. The distinctive 

upward elbowing shape of Eucalyptus (Figures 4.15, 4.16) is caused by an original 

branch snapping off and epicormics shooting from the upper surface taking over as 

the dominant branch tip (Jacobs, 1955; Mackowski, 1984).  

    
Figure 4.13 (left): Two original branches in old tree 4, with Damien Catchpole descending. Knocking on 

these branches produced a hollow noise.. 

Figure 4.14 (right): Epicormic branches on old tree 8 are  visible in the upper centre. The author is just 

barely visible beneath those branches. (MW)  
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Figure 4.15: Elbow in original branch crown of 100yr tree 13.The original leader branch pointing 

horizontally has been lost and the branch pointing upwards has become the new leader. 

 
 

 

 

   
 

Figure 4.16 (left): Upwards elbowing exhibited in large broken originals on the left side of old tree 12, 

with R. Junker visible. 

Figure 4.17 (right): E. regnans in the Styx Valley, Tasmania, exhibiting a secondary epicormic crown 
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4.2 Structural data collection 

Godin (2000) distinguishes three types of information used in representing 

plant architecture. The field collection techniques developed to fulfil these three 

types for E. obliqua are inspired by and directly descended from participation in the 

conifer mappings published in Van Pelt et al. (2004b). These three information 

categories are: 

1) Decomposition describes the pieces composing the representation. In this 

study, all pieces, or elements, are line segments, with extra information to “flesh out” 

the shape added. When combined with circumferences, lines form truncated cones 

used for describing branch segments, and complete cones used for terminal branches. 

The trunk of the tree is quantified as a sequential, vertical arrangement of truncated 

cones.   

 2) Geometry places these elements within the universe. Vectors in 3-

dimensional space are used in this study, defining the end point of a line in relation to 

a starting point with angular measurements of slope and azimuth, and linear 

measurements of distance.  

 3) Topology is the connection between these elements, or the branching 

logic. Topology as a mathematical science has its roots in the familiar concept of 

plants branching, and a hierarchical branching tree form is seen in the taxonomic 

branches of life (Adelson, 2001). The name of an element traces its lineage back 

through its parent vectors (father, grandfather, great-grandfather....) to the origin 

point.  

 

Decomposition & Geometry: Defined by Vectors: All field measurements 

were built around vectors in a 3-dimensional spherical space system, from the base of 

the branch to the end of the branch (Figures 4.18, 4.19, 4.20) (Takenaka et al., 1998). 

In spherical space, measurements of slope angle, azimuth angle, and linear distance 

define an end point in space from a given origin point.  By contrast, in cylindrical 

space, vector end points are defined by linear height, angular azimuth, and linear 

distance. In Cartesian, or XYZ space, three linear measurements are used: change in 

X axis (east-west), change in Y axis (north-south), and change in Z axis (up-down). 
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The selection of a space system is most important in determining field techniques. 

The fixing of a point in space can be mathematically converted between the three 

formats.   

     
Figure 4.18:Iillustration of vectors as seen from profile view of 100yr tree 2. (Mike Sumner) 
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Figure 4.19: The author as vector detector in old tree 4. (Sue Baker) 

 

   
Figure 4.20: Old E. obliqua visible from Airwalk, with overlay showing a vector depiction. 

A spherical coordinate system was selected for its ease of application to 

Eucalyptus trees, in which the trunk is the only reliably vertical element. Studies in 

coniferous trees of Western North America have generally used cylindrical 
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coordinate systems, due to the use of laser rangefinders with inbuilt trigonometric 

functions, and the strong distinction between horizontal branches and vertical 

(reiterated, secondary trunks within these tree crowns (Clement et al., 2001; Clement 

& Shaw, 1999; Ishii & Wilson, 2001; Sillett et al., 2000; Van Pelt, 2002).  

The branch vector starting point is the point at which the centre of the branch 

connects to the surface of the trunk, as opposed to the centre of the tree (Van Pelt et 

al., 2004). The branch vector end point is defined as the farthest point of the branch 

from the base, generally aligned with the branch shaft. Branches with strong curves 

in any direction were therefore modelled less accurately than neutral branches. When 

multiple points fit this definition, a midpoint measurement was used. 

Slope was measured to the nearest 5 degrees upwards (+) or downwards (-) 

from the horizon using a clinometer (Figure 4.21). Azimuth was measured in to the 

nearest 5 degrees using a compass (Figure 4.22). Distance was measured to the 

nearest 0.25 meters using a laser rangefinder or tape measure (Figure 4.23). The 

combination of these three values is defined as “pocometry” (polar coordinate 

metrics) by Takenaka et al. (1998).  

Note that the distance measurement describes the length of the branch in a 

direction, rather than the extension from a central axis as used in the cylindrical 

coordinate systems in Van Pelt et al. (2004b). 
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Figure 4.21: Vector slope illustrated in 100yr tree 2 at 42.8metres. Note the inherent difficulty 

expressing 3-d concepts in 2-d images. 
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Figure 4.22:Vector azimuth illustrated in 100yr tree 2 at 42.8metres. Note the inherent difficulty 

expressing 3-d concepts in 2-d images 

.  

 Figure 4.23: Vector distance  illustrated in 100yr tree 2 at 42.8metres. Note the inherent difficulty 

expressing 3-d concepts in 2-d images. 

 

Topology: Defined in the vector name: All vectors were named so as to 

distinguish between them and to reconnect them into a hierarchical branching 

system. The number of digits in its lineage name is equivalent to its branching from 

the trunk (Figures 4.24, 4.25). 

The lineage of a vector is encoded within its name. Vector names take the 

form: 

t[Tree Number]_[height]b[branch number sequence] 

where  

“t”  is a prefix character indicating “tree number”, 

[Tree number] is an identifier of which tree the branch is located in, 

“_”  is a divider character, 
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[height] is the height of the branch above the ground at the point it is attached 

to the trunk, to one decimal place, 

“b” is a divider character, and 

[branch number sequence] is a listing of single digits to record the lineage 

of each branch. The first digit identifies which branch it is connected to the trunk 

through. The following digits identify the following generations.  

Thus, t02_42.8.2b1 is the first branch arising from a height of 42.8 metres. 

Another sister branch arising at the same height would be named t02_42.8b2.  If 

three branches arose from this second branch, they would be named t02_42.8b21, 

t02_42.8b22, and t02_42.8b23.  

  If t02_42.8b22 had children they would be identified according to the same 

pattern by adding another digit to their name: t02_42.8b221, t02_42.8b222, 

t02_42.8b223, and so on. This last branch is not “two hundred and twenty three,” but 

rather is “two two three.” Note that this system could use any name or letter instead 

of numbers. While slightly intimidating at first look, the branch names hold the 

information about its lineage from the base of the tree.  

Simple summaries of complex branching systems use the name of the basal 

segment, with the suffix “sys” added to distinguish it from the data recorded for the 

basal segment. If 10 sister branches exist, another divider character “b” can be added. 

The simple, coarse resolution branch summary associated with a complex 

branch was labelled bSys, for “system”. 
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Figure 4.24: Simple branches. In tree 2, branch 42.8 and its children branches described at a lower 

resolution as a whole branch with a single terminal vector. The elements identified as 42.8b21, 

b22, b23, and b24 in the preceding figure are now branchlets below the resolution level. In the 

data archive, this “system summary” of a branch would be labeled as t02_b42.8bsys.  
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Figure 4.25: Complex branches. Branch 42.8 and its children branches described at a higher resolution. 

Branch naming system illustrated in100yr tree 2 at highest climbed point of 42.8m. The 

resolution applied to branch 42.8b2 results in the descendants of this branch anchor point 

described with one basal segment and four terminal vectors. In the data archive, these would 

be recorded as nine vectors named separately. . 

 

By using the height of the branch, branch names are more parsimonious than 

if a new branching point was considered at each branch encountered along the trunk. 

This system would be more accurate if applied only to original branches, but the loss 

of buds, loss of branches, and the presence of resprouts at different points along 

vectors confuses the issue. If plants faithfully followed their architectural growth 

model (Halle, 1995), without losing buds, losing branches, or resprouting, each 

branching node along the could be treated as a new parent location.  

Van Pelt et al. (2004b) use a slightly different naming system for branch 

lineages, developed from experiences in conifers. They identify basal branch 

segments with the prefix M, and use a different divider character for segments and 

terminal branches.  

4.3 Field Recordings 
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Vectors: Working downwards in a spiral from the uppermost climbed 

branch, every branch originating from the trunk was measured as a simple branch, 

i.e. one vector. Larger, more complex branches were further represented by branch 

segments leading to terminal branches. Resolution, naming and vector definition 

were as described above. With the help of a data recorder, each vector took 

approximately 90 seconds to record, not counting the time required in climbing to 

each piece.  

Circumferences: Branch segments were represented by an orthogonally 

truncated cone built around the branch vector. Start and end circumferences were 

measured around the vector by tape measure (Figure 4.26). Measurements avoided 

the swelling of wood at a branching node. For terminal branches, only a start 

circumference was recorded, forming a cone. Small, dead terminal branch stubs were 

recorded with an end circumference when they had no children branches summarized 

by the vector.  

 
Figure 4.26: Start and end circumference locations on an original branch basal segment in old tree 4, 

(with D. Catchpole.) 

The term megabranch was subjectively applied to describe the largest 

branches on an old tree (Junker, 2004). These were invariably larger in girth than the 

arm span of an average human (1.5m circumference), and were often contender 

leaders (Figure 4.27). 
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Trunk rings: Trunk sections were special cases of branch segments, in which 

the end circumference, or trunk ring, of one section was also the start circumference 

of another section. The shape of the tree trunk was quantified by measuring 

circumference at five metre intervals and at 1.34 metres (chest height), forming a 

sequence of stacked orthogonally truncated cones (Figure 4.28). 

       
Figure 4.27 (right): Two original megabranches in old tree 12, with R. Junker placing an insect trap.  

Figure 4.28 (left): A. Barrows measuring the circumference of 100yr tree 11 at 10 metres height. 

 

 

Anchor azimuth: A second azimuth was recorded for non-radial branches, in 

which the vector azimuth is different from the azimuth between the trunk centre and 

the attachment point (Figure 4.29). Epicormic branches frequently begin at one point 

and point in different directions, and are misrepresented by vectors originating from 

the trunk centre (Figure 4.30). Because the branches were measured from the point at 

which they connect to the trunk surface, a separate trunk anchor azimuth was 

recorded for non-radial branches. This number was not recorded for radial branches, 

for which trunk anchor azimuth equals branch vector azimuth.  
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Figure 4.29 (left): Radial and non-radial branches illustrated.  

Figure 4.30 (right):The epicormic crown of this old E. obliqua one km south of the study site would be 

misrepresented by radial vectors. 

  

Distance along parent: The distance along the parent branch was recorded 

for branches that did not originate from the end of its parent vector (Figure 4.31). 

The branches were numbered and named sequentially from the base outwards. When 

branches originated from the end of the vector, this distance value was not recorded. 

Measuring height along the trunk is a special case of this technique.  

 

 

An ass

`
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Figure 4.31: Distance along parent vector illustrated. The first three children branches, as counted from 

right to left, are recorded with a distance along. The three leftmost children originate from the 

vector end. All but the leftmost vector are epicormic resprouts from the upper surface. The 

dead vector is the original terminal bud. 

 
 

Airspace Boundary Fields: To further describe the branching structure 

below the resolution at which terminal branches were summarized, four field vectors 

were defined for each branch encompassing the branchlets and foliage (Figures 4.32, 

4.33). Angular measurements of the lower, upper, left, and right extent of the foliage 

were recorded and used to create vectors in spherical space with the same starting 

point and equivalent distance as the branch vector. These four measurements were 

easily obtained and accommodate asymmetrical branches. Vertical and horizontal 

arcs were calculated by summing down with up, and left with right, respectively. 

Van Pelt et al. (2004b) used linear spread and linear depth to encompass the 

foliage along its widest and tallest axes. These linear measurements were much less 

vulnerable to error from the distance of the branch, but mask asymmetry.  

 
Figure 4.32: Vertical boundary airspaces illustrated on vertical and horizontal planes. Note the inherent 

difficulty expressing 3-d concepts in 2-d images 
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 Figures 4.33: Horizontal boundary airspaces illustrated on vertical and horizontal planes. Note the 

inherent difficulty expressing 3-d concepts in 2-d images. 

Foliage: A calibrated estimate of foliar units was recorded for each branch 

vector. Foliar units in E. obliqua are the “globs” or “balls” of leaves (Figure 4.34).  

Jacobs (1955) refers to them as “crown units”. Van Pelt et al. (2004b) refers to 

“repeating clusters of stems and foliage” and adopts the term “foliar units.”  

A foliar unit is a branchlet because it is below the resolution level. It is 

simultaneously defined by its size and its penultimate terminal branching generation. 

Unlike branches, the foliar unit branchlets were not fixed in space or in the topology. 

They were counted as a continuous variable associated with a vector. 

In the study trees these units were approximately 0.75m in diameter. Inherent 

differences between the size of these units in different trees, situations, and heights 

created errors in these estimates. Van Pelt et al. (2004b) and Ishii et al. (2002) 

discussed the concept in detail and highlight difficulties in unit measurements, and 

Kelly et al. (2004) digitally quantified the foliar units of E. globulus. The foliar units 

used in the present research are provided as basic estimate only for comparison 

between branches within a tree and total foliage between trees.   

 

 



4) Crown Structure – Methods  

 
Figure 4.34: Approximate size and appearance of foliar units in 100yr tree 13, with R. Junker aloft. The 

actual volume filled by foliar unit was dependent on leaf density.  

 

Percent living and percent gum-barked: The percentage of live wood was 

assessed and recorded for each vector. In addition, percentage of branching surface 

with “gummy” smooth bark was recorded (Forest_Resources, 1979; Jackson, 2000; 

Mortimer & Mortimer, 2003). On young branches, encountered high in the tree, 

branches of E. obliqua are smooth barked (Figure 4.35). They resemble branches of 

gum trees such as E. regnans and may indicate hybridization (Kirkpatrick & 

Backhouse, 1981).  
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Figure 4.35: The gummy smooth barked upper trunk of old tree 4, with Sue Baker recording structural 

data. 

 

Tree height and diameter. The height of each tree was measured from the 

ground using a laser rangefinder and clinometer using trigonometric techniques 

described by Goodwin (2004), Herrmann (2003), and Van Pelt (2002). This value 

may be different than the height generated by a computer model summing all of the 

vectors, and was considered less vulnerable to resolution effects. The diameter at 

breast height (1.3 metres) was taken using a tape measure.  

Traps: The location of each trap was recorded within the framework of the 

mapping numbers. CD sticky and funnel traps were associated with a branch, or given 

a height and azimuth along the trunk. The height of each hangtrap was fixed in a 

cylindrical coordinate space by recording an azimuth and distance from the trunk. 

 

4.4 Vector derived variable generation 

Using the field data generated for whole branches, additional variables were 

calculated to describe each vector and the entire tree. These were the XYZ vector end 

points, trunk diameter at height, crown depth, trunk and branch cone volumes and 

surface area, crown and branch polyhedra volumes and surface area, and a scaling 

ratio between the branch and trunk diameters.  
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XYZ conversion: For ease of analysis, the vectors collected for spherical 

coordinate vectors were converted into Cartesian XYZ coordinates vectors 

(www.wikipedia.org, 2004). Change in X, Y, and Z are each listed separately: 

 

∆X-axis = distance * sine (90-slope) * cosine (1-azimuth) 

∆Y-axis = distance * sine (90-slope) * sine (1-azimuth) 

∆Z-axis = distance * cosine (90-slope) 

 

Note the conversion of slopes by subtracting from 90, and the conversion of 

azimuths by adding a negative sign. This reflects the “right hand rule” in vector 

mathematics, a situation opposite to the clockwise azimuth readings. In the 

mathematical system, slope is measured from the overhead zenith down to the point, 

rather than upwards from the horizon. This conversion could be ignored, but the 

resulting points would be a rotated mirror image of the intended construction 

(Bentley Systems, 1998). 

The benefit of conversion to XYZ Cartesian coordinates (hereafter XYZ) is 

the ease with which vectors can be added. Summing the figures for dX, dY, and dZ 

separately generate the combined vector.  

Trunk diameter functions: The measurements of trunk girth at different 

heights were regressed linearly for each tree to generate a simplified function 

defining radius (y) as a function of height along trunk (x) in the form y=mx +b. 

where m and b are variables for each tree. Field data was collected in circumferences, 

analysis in diameters, and computer graphic in radii. 

Crown depth: The crown depth was generated for each tree by subtracting 

the height of the lowest branch from the total tree height.  

Cone Volume: The wood volume of a branch was measured in surrogate by 

the vector cone volume.  For terminal branches, the vector volume was assumed to 

represent that of the summarized branchlets below the resolution level.  Volume for 

the trunk and vector cones was calculated using the formula in Van Pelt et al. 

(2004b): 

Volume in m3= 

(π/3)*distance*((0.5diamA)2+((0.5diamB)2)+((diamA*diamB)/4)) 
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where 

distance= length of cone segment 

diamA = diameter of ring  in metres 

diamB= diameter of ring in metres 

Total trunk wood volume was generated by adding the cone volumes for each 

trunk segment.  

Cone Surface area: Similarly, the surface area was calculated: 

Surface area in m2 = 

(((π*diamA)*(π*diamB))/2) * distance 

 

where 

distance= length of fustrum 

diamA = diameter of start ring  in metres 

diamB= diameter of end ring in metres 

 

Minimum polyhedra: The crown airspace volume encompassed by the 

entire tree crown was calculated by fitting a minimum convex polyhedra around the 

outermost XYZ points using the computer program Mathematica 4.1 (Kelly, 2004; 

Wolfram Research, 2001). These polyhedra are computer-generated envelopes of 

joined triangle planes. They are computed to encompass the smallest possible volume 

that encloses all branches. The branch vector ends form the vertex at which these 

planes are connected. Minimum polyhedra can be visualized as “shrink-wrapping in 

crystal.” The trunk and the base of the tree were excluded. Crown surface areas of 

the polygonal shape were also generated.  

The branch airspace and surface area encompassed by each terminal branch’s 

branchlet and foliage airspace field was calculated using minimum polyhedra in a 

similar fashion. Six points were entered: branch vector start, branch vector end, and 

the four airspace boundary vector ends.  

Scaling factors: The ratio in size between a branch and its parent was 

calculated and labelled the scaling factor (Figure 4.36).  

 



4) Crown Structure – Methods  

For simple branches, this is the starting diameter divided by the diameter of 

the trunk at height of attachment (calculated by linear regression as described above). 

For children branches, the diameter of the child branch was divided by the diameter 

of its parent vector at the start point was generated. If this start point was the end of 

the parent branch, then the ending diameter of the parent was the denominator in this 

calculation. When children arose from a point along the parent branch before the end, 

the diameter at that point was calculated arithmetically between the start and end 

circumferences at a portion of the distance.  

Diam Trunk Diam Trunk

=

÷ ÷

=
0.69 

scaling 
factor

0.76 
scaling 
factor
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Figure 4.36: Scaling factors illustrated in 100yr tree 2 for two original branches. 

 

4.5 Tree Structural Descriptor Generation 

107 descriptor variables for each tree were used in analysis. These 

descriptor variables were organized for clarity in ten categories: 

1. Tree Size 

2. Branch Counts 

3. Crown Depth 

4. Cones 

5. Polyhedra 

6. Foliage 
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7. Start Diameters 

8. Distance 

9. Vertical plane 

10. Horizontal plane 

 

Tree-level variables, such as trunk volume, height, and DBH, were used 

unmodified. Branch-level variables were summarized for each tree using arithmetic 

means, standard deviations (“Std Dev”) sums, ranges (maximum value-minimums), 

maximums (“Max”, and proportions (described individually). Only simple branch 

data were used. 

Due to small sample sizes, the presence of features was analysed separately 

by comparison and exposition rather than using a statistical technique.  

 Most statistics were run in triplicate for three branch types: all whole 

branches, living whole branches only, and completely dead branches only. Because a 

whole branch with any foliage was considered living, the small dead branches below 

the resolution level are under represented.  Therefore, “dead only” should be 

interpreted as “completely dead simple branches only.”  

When calculating crown depth statistics, the secondary trunks arising from 

the base of trees 6 and 7 were not counted.  

The tree descriptor statistics generated are listed in Table 4.1. 
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Table 4.1: 107 tree structural descriptor variables in ten categories 

4.6 Analysis of structural descriptors 

Univariate t-tests: T-tests were used to compare mean values of each 

descriptor variable between eight 100yr trees and the eight old-growth trees using 

JMP software ((SAS Institute, 2003). The null hypothesis that the descriptor was not 

different between age classes was tested. An assumption was made that the structural 

descriptors are normally distributed throughout the forest, and extended to the 

sampled trees. The goal of these tests was to identify quantitative aspects in which 

the crown structure was different between the two age classes, and to test Hypothesis 

1 (Old E. obliqua are quantifiably and objectively distinct from 100yr trees, i.e. old 

trees are not scaled-up versions of 100yr trees. ) 

 

NMS ordination: Non-metric multidimensional scaling ordination of the 16 

trees was performed using PC-ORD software, incorporating all 107 descriptors 

(McCune, 1999). This was used to show how the descriptors organised the trees by 

structural similarity. Data was square root transformed.  The Sorensen distance 

measure between each combination of two trees was calculated in a computer n-

dimensional hyperspace, with each of 107 dimensional axes ranking the trees by a 
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specific descriptor variable. Computing power is applied in depicting their hyper-

dimensional spatial relationship in a 2 or 3-dimensional picture (Clarke & Warwick, 

2001; McCune, 1999). The reported stress levels offer a comparative measure of how 

accurate this low-dimensional picture represents the hyperspace picture. This tested 

Hypotheses 1 (Old E. obliqua are quantifiably and objectively distinct from 100yr 

trees, i.e. old trees are not scaled-up versions of 100yr trees) and 2 (Old E. obliqua 

have a more variable crown structure than 100yr E. obliqua). 

Dendrogram: Cluster analysis was performed by generating a dendrogram 

using Wards linkage method with PC-ORD. This branching diagram groups the trees 

by their relationships in the descriptor variables (Clarke & Warwick, 2001; McCune, 

1999). Like the NMS, this was used to assess the distinction between age classes 

based on the structural descriptors, and to test Hypothesis 1 (Old E. obliqua are 

quantifiably and objectively distinct from 100yr trees, i.e. old trees are not scaled-up 

versions of 100yr trees) 

Assumptions in multivariate analysis: The use of these multivariate 

techniques (NMS and cluster analysis) with the 107 structural descriptors assumes 

that all of these variables contribute equally to the definition of the tree. Despite 

intrinsic correlations between variables (e.g. cone volume and surface area), these 

multivariate techniques offer a useful method of visualization. However, measures of 

cones and polyhedra will contribute disproportionately because of the number of 

descriptors generated using them. Furthermore, some measures are perfect correlated. 

For example, the maximum cone volume of all branches is always equivalent to the 

maximum cone volume of live branches. Interpretation of the resulting graphical 

displays must bear this assumption in mind.   

4.7 Arborograph generation and analysis 

A virtual computer model was generated for each tree. Microstation 

Computer Aided Design software (CAD) version 05.07.00.41 was used to create a 

virtual 3-d computer arborograph (Bentley Systems, 1998). CAD engineering 

drafting software can create 3-d models using scripted text files. Once the 

arborographs are scripted, the possibilities for illustration are limitless. Foliage can 

be rendered on to the branches to add to the verisimilitude of the models (Figures 
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4.36, 4.37). A photo of the stringy bark of E. obliqua was rendered as the 

“wallpaper” around the branch and trunk vectors (Figures 4.38, 4.39).  

          
Figure 4.36 (far left): Rendering of E. obliqua foliage onto the branches of 100yr tree 1 

Figure 4.37 (mid left): Rendering of E. obliqua foliage onto the branches of old tree 3 

Figure 4.38 (mid right): Stringybark rendered onto side view arborograph of old tree 3, illustrating 

branch t03_32.2b1 

Figure 4.39 (far right): Cropped photo of stringybark surface used for rendering 

Six layers were created for each tree (Figure 4.40, overlead): 

1. Trunk 

2. Cone 

3. Line 

4. Cross 

5. Kite 

6. Extras 

 The full lineup of arborographs is in Appendix 1. Instructions for generating 

Microstation CAD scripts from the vector-based structural data are given in 

Appendix 2. In addition, the sample text scripts used in creating Figure 4.40 are 

provided in Appendix 3. 
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Figure 4.40: Layers used in CAD arborographics. The scripts used in generating these images can be 
found in Appendix 3.

 



4) Crown Structure – Methods  

 

4.8 Image file size analysis 

A novel, simple method for comparing visual complexity of the generated 

tree models was developed. The mean file size in kilobytes of the computer graphic 

file depicting eight 100yr and eight old tree arborographs was compared using t-tests 

(Figure 4.41). This was used to test Hypothesis 4 (Old E. obliqua have a greater 

complexity than 100yr trees, as measured in surrogate by the amount of information 

required to describe them). 

Graphical output from Microstation CAD software was in .PNG (Portable 

Networks Graphic) format, a format analogous to .GIF  (Graphical Interchange 

Format). These vector based image recording formats summarize lines precisely and 

efficiently, and are more appropriate than .BMP bitmaps or .JPG (Joint Photo 

Experts Group) images.  Bitmaps are raster-based, and record every pixel 

independently. Bitmaps are unsuitable because they record an equivalent amount of 

information for empty white background pixels as for filled content pixels. Photo 

JPG format uses a complex algorithm to summarize shades of colour too similar for 

the human eye to distinguish.  

Implicit in this technique is the designation of complex things taking more 

effort to describe than simple things (Anand & Orloci, 1996; Roche, 2001). The 

practical outcome of this can be seen in the download times required for elaborate 

web pages, the length of a scientific article describing complicated field work, or the 

increased price of long distance phone calls when one has many stories to tell.  

Comparing the file size of graphical output from Microstation CAD is 

feasible because all images were standardized. The repetition of eight camera angles 

allows for comparison between trees.  The actual resolution level used in the 

different age classes may be a further source of bias, as complex branches were used 

rather than their whole branch summaries. The image file size is undoubtedly 

correlated with the measured vector count. This resolution level, in analogy with a 

long distance telephone call, is the judgement of the speaker as to what stories are 

worth telling.   

 Once computer models are generated, generating these variables is a simple 

process aided by the CAD software image output functions. File sizes were 
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calculated using Microsoft Windows NT computer operating system (Microsoft, 

2000). 

 

 
Figure 4.41: The camera angles used in image output and analysis, with tree 10 cones and trunk layers 

as an example. In addition, analysis was done with these layers plus the kite, cross, and line 

layers. 
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4.9 Structural features 

During field data collection, notes on selected structural habitat features were 

recorded. The location of features was recorded as accurately as possible in the 

framework of the vectors.  The general types of features are presented below. 

Photographs and notes on specific occurrences are presented with the results.   

Three distinct biases exist in this data collection:  

1. Recognition bias, the researcher’s recognition of what constitutes a 

feature of interest (analogous to an indicator species), 

2. Observation bias, the possibility of missing features in the 

inaccessible outer or upper crown (analogous to cryptic taxa), and 

3. Distinction bias, the lumping of features with different ontogeny by 

their similar appearance (analogous to polyphyletic taxa).  

Several of the recorded features are described as or related to hollows. 

Hollow formation in Eucalyptus is a complex, stochastic process (Ball et al., 1999). 

Distinction, observation, and recognition biases add difficulty to field recordings. 

Further information on animal and fungal associations with E. obliqua hollows is 

available through Harrison et al. (2004) and for the genus Eucalyptus through 

Ambrose (1981), Gibbons & Lindenmayer (2002), and Mackowski (1984). 

Following is a listing of features recorded. A further description of each is 

presented in the results section. The presence of the distinction bias made 

distinguishing between the features both a method and a result.  

1. Trough branches 

2. Elbow hollows 

3. Litter collections  

4. Vascular epiphytes 

5. Burls 

6. Dead tops  

7. Snapped main stems  

8. Secondary trunks 

9. Gallery branches 

10. Dead flanks 

 



4) Crown Structure – Methods  

11. Collar hollows  

12. Trunk fissures 
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Figure 5.1 Isometric view arborographs of the sixteen study trees. 
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Figure 5.2 Front view arborographs of the sixteen study trees 
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The results of the analysis of structural descriptors is presented in this chapter. 

T-test results comparing the mean values of descriptors are listed. The ten categories 

are: tree size, branch counts, crown depth, cones, polyhedra, foliage, start diameters, 

distance, vertical plane, and horizontal plane. Several differences between age classes 

were identified, and the meaning of the descriptors discussed. Following, the 

multivariate classification of study trees is presented, showing a strong distinction 

between age classes. Next, file size analysis of image complexity is reported. Old 

trees had significantly more complex visual arborographs. Lastly, occurrences of tree 

structural features are detailed. All structural features were present more often in old 

trees than 100yr trees. 

5.1 Total numbers 

Approximately 10,800 numbers describing the crown structure of the sixteen 

trees were recorded. These data form ~1,000 vectors representing 538 simple 

branches and 16 trunks for the 16 trees. Combining measurements from all trees, the 

arborographs represent organisms totalling 0.842 kilometres of vertical height,  ~ 980 

cubic metres of wood volume, and encompassing ~49,024 cubic metres of airspace. 

Isometric and front views of the arborographs are presented in Figures 5.1 and 5.2. 

5.2 Summary and range of structural descriptors. 

Basic summaries of size are given for each tree in Table 5.1.  

At 72.4 m, old tree 4 was the tallest of the study trees, and 100yr tree 15 was 

the shortest at 32.8 m. There was a height difference of 39.8 m between these two 

trees. Old tree 10 had the most trunk volume, at 117 m3, and 100yr tree 15 was the 

smallest, with one-twentieth the volume at 6.4 m3. The largest crown airspace was 

occupied by old tree 16, encompassing 6588 m3, and the smallest airspace was again 

100yr tree 15, with one-seventh the airspace at 891 m3. 
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Tree Number Name Age class Pair Height in 
metres

Diameter at 1.34 
metres

Trunk Wood 
Volume m3

Airspace 
Volume m3

1 Crowofine 100yr A 51.9 1.05 16.7 1442.0
2 Rocky 100yr B 46.1 1.27 21.7 2837.2
5 Wigachu 100yr C 46.1 1.07 13.4 2587.7
7 Blaze Tree 100yr D 47.8 0.88 10.2 1472.1
9 Cmdr Keen 100yr E 37.2 0.99 11.7 3313.3
11 Oxylobl 100yr F 44.8 0.92 15.0 992.2
13 Peasybaum 100yr G 49.4 1.35 18.1 2039.5
15 KeepyLefty 100yr H 32.8 0.80 6.4 891.4

100year Mean 44.5 1.0 14.1 1946.9
100yr Std Dev 6.4 0.2 4.8 893.2

3 Lord Niles Old A 66.8 2.16 79.5 4540.9
4 Gemini B Old B 72.4 2.31 73.2 2870.8
6 Deedlum Old C 61.1 2.64 89.8 3619.1
8 Vorticon Old D 54.0 3.49 92.8 5541.6
10 McMire Old E 53.4 3.04 116.6 3656.4
12 Megadendra Old F 59.8 2.88 103.3 4596.1
14 Bogelhart Old G 62.0 2.86 164.0 2050.6
16 Pepperberry Old H 56.9 2.96 59.5 6587.8

Old Mean 60.8 2.8 97.3 4182.9
Old St Dev 6.4 0.4 32.2 1453.7

p<0.05? * * * *  

Table 5.1. Basic size measures for each tree, compared with t-tests between age classes.  

5.3 Univariate T-tests  

Of the 107 descriptor variables, 53 exhibited significant differences between 

100yr and old E. obliqua trees. Note that a mean and standard deviation is used to 

summarize descriptor variables that are themselves means, standard deviations, 

ranges, or arithmetic relationships of the branch population within a tree.  

5.3.2 Tree Size 

Tree Size: 100yr Mean Std Dev Old Mean Std Dev p<0.05?

Tree Height (m) 44.51 6.38 60.80 6.43 <.005
DBH Diam at 1.3 (m) 1.04 0.19 2.79 0.42 <.005
Trunk Volume (m3) 14.14 4.80 97.32 32.19 <.005

Wood Volume (m3) (Trunk and Vector Total) 15.60 5.43 107.12 32.91 <.005

TreePolyhedra Volume (m3) 1946.91 893.23 4182.92 1453.66 <.005
TreePolyhedra Surface Area (m2) 892.23 249.96 1569.13 317.47 <.005
Ratio Polyhedra m3:Trunk m3 144.56 68.15 49.44 28.86 <.005
% of Wood Volume in Trunk 90.88 2.90 90.49 3.89 ns
% of Vector Volume in Dead Branches 12.79 15.63 6.37 4.17 ns

 

Table 5.2: Comparison of tree size descriptors 

The old trees were significantly taller and bigger than their 100yr counterparts 

(Table 5.2). The difference in diameter at 1.34 metres was expected, as this was the 

primary selection criterion to distinguish between the age classes. On average, the old 

trees were 16 metres taller, and more than 7 times the wood volume. The crown 
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airspace volume occupied by an old large tree was only twice that of a 100yr old tree, 

implying substantial wood invested in the trunk rather than the outer foliage. Relative 

to the trunk size, the crowns of 100yr old trees were three times larger, due to the 

narrow trunks and long horizontal branches of these trees.  

No significant differences were detected in the mean proportion of total wood 

volume invested in the trunk instead of branches. In both age classes, 90% of the 

wood volume was in the trunk. This value was between 85% and 95% for all trees; 

even though branches and trunks tended to be larger in the old trees (see below), their 

proportions were the same.  

In 100yr old trees, the proportion of branch cone volume in dead whole 

branches was twice that of old trees, but this difference was not significant.  

5.3.3 Branch Counts 

Branch Counts: 100yr Mean Std Dev Old Mean Std Dev p<0.05?

# Branches all branches 31.5 6.5 35.9 16.7 ns
# Branches live only 21.5 5.3 22.1 9.9 ns
# Branches dead only 10.0 5.4 13.8 7.7 ns
% of Total Branches are Dead dead only 30.86 15.01 35.96 10.72 ns
# Measured Vectors all branches 35.5 5.9 77.1 33.0 <.005

 

Table 5.3: Comparison of branch count descriptors 

The number of whole branches originating from the trunk was not 

significantly different between ages (Table 5.3). On average, 33 branches arose from 

the trunk of each study tree. No significant difference was detected in the number of 

live or completely dead whole branches, or the proportion of whole branches that 

were dead. For all of these descriptors, the mean was slightly higher in old trees.  

The mean number of vectors measured in each old tree was twice that of the 

100yr old trees. This reflects the opinion of the measurer on what constituted a branch 

segment, and was aimed at a ~15 cm diameter resolution level.  Another measure 

related to vector count is the size of the computer image files (see below). 

 

5.3.4 Crown Depth 
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Crown Depth: 100yr Mean Std Dev Old Mean Std Dev p<0.05?

Mean Branch Height (m) all branches 31.24 4.24 33.69 9.67 ns
Mean Branch Height (m) live 32.92 4.92 35.94 8.81 ns
Mean Branch Height (m) dead 28.38 3.57 29.64 11.37 ns
Mean branch ht as % of  tree height 70.341 3.451 54.972 12.019 <.005
Mean live branch ht as % of  tree height 74.117 5.749 58.734 10.242 <.005
Mean dead branch ht as % of  tree height 63.952 3.510 48.229 15.342 <.05
Total Crown Depth (m) 11.60 3.09 24.86 5.77 <.005
Range Branch Height (m) live only 17.26 5.23 32.41 7.15 <.005
Range Branch Height (m) dead only 18.89 10.31 25.11 8.35 ns
Std Dev Branch Height (m) all branches 6.35 1.06 10.09 2.08 <.005
Std Dev Branch Height (m) live only 5.21 1.56 9.71 2.25 <.005
Std Dev Branch Height (m) dead only 6.67 3.13 8.98 1.60 ns
 Lowest Branch Height (m) all branches 16.41 6.62 15.59 8.89 ns
 Highest Branch Height (m) all branches 39.36 5.40 48.93 8.00 <.05

 

Table 5.4: Comparison of crown depth descriptors 

 

Tree 16 (old) Tree 9 (100yr)
Arborographs of 100yr and old trees with horizontal axis stretched three times. 
Flattening the image helps to show the regular, original crown of the 100yr trees, and 
the irregular resprouted crown of the old tree. Gray cones are completely dead 
branches. Note the large number of failed epicormics in tree 16, especially beneath 
large, successful resprouts.  

Figure 5.3: Crown depths visually compared by horizontally stretched arborographs 

The average height of branch attachment to the trunks of all study trees was 32 

metres (Table 5.4). No significant differences was detected in the average height of 

branches. This could be linked to related to the canopy height of nearby Nothofagus 

cunninghamii, Acacia melanoxylon, Acacia dealbata,  and Pomaderris apetala.  The 

standard deviation of mean branch height for old trees was twice that of 100yr trees, 

showing a less centralized crown.   

The mean height of the dead branches was almost always lower than the mean 

height of the live branches. However, distinct processes in the different age classes 

may have caused this (Figure 5.3). In 100yr trees, a live crown was situated over a 

dead crown (Figures 5.4, 5.5). The lower dead crown is made of previous original 

branches that were being abandoned as the trees grew upward competing for light 

(Jacobs, 1955). By contrast, in old trees, the lowest original branches had been 

occluded in the past, and dead branches arising from the lower trunk were more recent 

epicormic resprouts that had failed to succeed (Figure 5.6).    
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Figure 5.4 (left): Dead original branches in lower crown of 100yr tree 1, with R. Junker ascending 

Figure 5.5 (centre): The dead original branches in the lower crown of 100yr tree 7 are visible below the 

upper live crown of original branches. R. Junker is nearby a snapped dead branch 

Figure 5.6 (right): The lower crown of old tree 8 visible from 100yr tree 7, with failed epicormic 

branches visible. 

A contradictory situation occurred when comparing the mean branch height as 

a percentage of the total tree height (Figure 5.7). For all, live only, and dead branches, 

this measure was significantly higher in the 100yr trees. 100yr old trees are more “top 

heavy” than the old trees. Old trees are already in a dominant position and have low 

epicormic branches that can take advantage of light conditions caused by canopy gaps 

caused by tree fall or fire (Franklin et al., 2002; Ishii & Ford, 2001; Ishii & Wilson, 

2001; Jacobs, 1955). By contrast, the 100yr trees are investing in growing upwards in 

competition with their cohort, and are abandoning the original branches in the lower 

crown (Falster & Westoby, 2003; Jacobs, 1955).  
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Figure 5.7: Mean height of branches (diamond mark) plotted against tree height (column) 
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For similar reasons, the depth of the crown, and the range in heights for live 

branches, was greater in the old trees. The height range of dead branches was 

insignificantly greater in old trees.  

A related measure of crown depth is the standard deviation of branch heights. 

These followed the same pattern as the range in heights: significantly greater in old 

trees for all branches and live branches but not the dead branches. Old trees had more 

dead branches in the upper crown than the 100yr trees.  

For both age classes, the mean lowest branch height was approximately 16 

metres, perhaps in response to the height of the other tree species nearby. A 

significant difference in the height of the mean highest branch was found. This 

measure, however, reflects both the objective difference in tree heights between age 

classes, and the subjective ability of the climber to access the uppermost crown of 

some trees.  

5.3.5 Cones 

Cones: 100yr Mean Std Dev Old Mean Std Dev p<0.05?

Sum Cone Volume (m3) all branches 1.46 0.82 9.80 3.81 <.005
Sum Cone Volume (m3) live only 1.32 0.88 9.24 3.86 <.005
Sum Cone Volume (m3) dead only 0.14 0.17 0.55 0.40 <.05
Mean Cone Volume (m3) all branches 0.05 0.02 0.39 0.31 <.01
Mean Cone Volume (m3) live only 0.06 0.03 0.55 0.41 <.01
Mean Cone Volume (m3) dead only 0.01 0.01 0.07 0.10 ns
Max Cone Volume (m3) all branches 0.27 0.17 4.20 3.94 <.05
Max Cone Volume (m3) live only 0.23 0.17 4.20 3.94 <.05
Max Cone Volume (m3) dead only 0.08 0.14 0.26 0.22 ns
Std Dev Cone Volume (m3) all branches 0.06 0.03 0.92 0.95 <.05
Std Dev Cone Volume (m3) live only 0.05 0.03 1.10 1.18 <.05
Std Dev Cone Volume (m3) dead only 0.02 0.04 0.09 0.08 ns
Sum Cone Surface Area (m2) all branches 46.64 17.15 110.54 29.48 <.005
Sum Cone Surface Area (m2) live only 40.90 18.86 99.39 26.32 <.005
Sum Cone Surface Area (m2) dead only 5.74 4.82 11.16 6.51 ns
Mean Cone Surface Area (m2) all branches 1.48 0.48 3.71 1.70 <.005
Mean Cone Surface Area (m2) live only 1.86 0.62 5.14 1.97 <.005
Mean Cone Surface Area (m2) dead only 0.52 0.28 1.05 0.82 ns

 

Table 5.5: Comparison of cone descriptors 

Descriptors of the volumes and surface areas associated with the vector cones 

representing branches show similar patterns to that expressed before: significant 

differences for all branches and live branches, but not for dead branches (Table 5.5).  

The total of wood volume in branches (all and live only) was ~6 times greater 

in the old trees. The proportion of this volume in dead branches was not significantly 

different between ages, as described above. However, the total volume of completely 

dead branches was ~4 times greater in the older trees. This number is undoubtedly an 

underestimate, due to dead branchlets below the resolution level. 
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The mean cone volume followed the described pattern. The average volume of 

dead whole branches in old trees was 7 times greater than in 100yr trees, but a large 

standard deviation makes this a statistically insignificant result. Dead branches in 

100yr trees were abandoned originals being self-pruned, whereas those in old trees 

were a combination of small failed epicormics and large broken stubs of originals. 

This variability in dead branch size is expressed in a higher standard deviation of cone 

volume.  

The mean of the standard deviation of cone volume illustrates the much 

greater range of live branch sizes in the old trees, with this measure of variability 

twice as great as in the 100yr trees. Old branches have huge original “megabranches” 

(Junker, 2004), large old epicormics, and recent small epicormics. 

The maximum cone volume again followed the described pattern. Results for 

the sum and mean surface area mirrored the cone volume results, as they are 

calculated similarly.  

5.3.6 Polyhedra 

Polyhedra: 100yr Mean Std Dev Old Mean Std Dev p<0.05?

Sum Polyhedra Volume (m3) all branches 1128.59 666.68 1923.88 915.97 ns
Sum Polyhedra Volume (m3) live only 232.11 156.27 973.48 367.14 <.005
Sum Polyhedra Volume (m3) dead only 42.36 50.11 106.25 74.21 ns
Mean Polyhedra Volume (m3) all branches 34.86 18.39 54.55 10.94 <.05
Mean Polyhedra Volume (m3) live only 47.14 20.28 82.97 11.01 <.005
Mean Polyhedra Volume (m3) dead only 3.96 2.90 3.49 3.24 ns
Max Polyhedra Volume (m3) all branches 140.71 55.89 415.19 202.24 <.005
Max Polyhedra Volume (m3) live only 140.71 55.89 415.19 202.24 <.005
Max Polyhedra Volume (m3) dead only 17.72 12.36 37.02 59.53 ns
Std Dev Polyhedra Volume (m3) all branches 35.71 14.23 90.94 31.22 <.005
Std Dev Polyhedra Volume (m3) live only 35.80 13.24 102.51 35.79 <.005
Std Dev Polyhedra Volume (m3) dead only 5.85 3.90 9.58 12.74 ns
Sum Polyhedra Surface Area (m2) all branches 467.86 370.80 1171.53 632.78 <.05
Sum Polyhedra Surface Area (m2) live only 464.43 371.67 1151.53 629.77 <.05
Sum Polyhedra Surface Area (m2) dead only 3.43 2.35 20.00 46.15 ns
Mean Polyhedra Surface Area (m2) all branches 14.25 10.86 32.57 14.67 <.05
Mean Polyhedra Surface Area (m2) live only 19.43 12.57 50.21 19.70 <.005
Mean Polyhedra Surface Area (m2) dead only 0.39 0.33 1.01 2.18 ns

 

Table 5.6: Comparison of polyhedra descriptors 

T-test results for the minimum convex polyhedra describing the airspace 

occupied by branchlets and foliage were similar to those for the cone volumes, with 

two exceptions (Table 5.6). 

The mean sum of airspace cubic metres for all branches, and for dead branches 

only, was not significantly different between age classes. This contrasts with the 

results for total crown airspace, which was twice as great in the old trees. This 

suggests a sparser canopy in the larger, more irregular trees than in the more regular 

100yr trees.  
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For all other comparison of polyhedra volumes- mean per branch, maximum, 

standard deviation- all branches and live only again exhibited significant differences, 

whereas dead only did not.  

Mean polyhedra surface area results the same as the mean volume results. For 

old trees, a significantly higher surface area was found for all branches and live 

branches only.   However, the total polyhedra surface area results were different. The 

sum of all branches surface area was significantly different, but this was not the case 

for the total of the volumes. If the surface area is greater in old trees, but the volume is 

not, this would imply a less efficient “packing” of these contents in an equivalent 

airspace (Kelly et al., 2004). A more efficient “packing” system would be a more 

regular airspace with symmetrical boundaries, as encountered in the 100yr trees. 

5.3.7 Foliage 

Foliage: 100yr Mean Std Dev Old Mean Std Dev p<0.05?

Total Foliage Units 134.5 52.8 232.0 62.4 <.005
Mean Foliage Units  live only 4.21 1.20 6.75 3.82 ns
Mean % of branch living all branches 55.92 15.76 45.09 9.72 ns
Mean % of branch gummy all branches 32.01 17.23 13.57 8.52 <.05

 

Table 5.7: Comparison of foliage descriptors 

Old trees carried nearly twice as much foliage as 100yr trees, a value which 

corresponds neatly to other measures of crown size: total branch polyhedra volume is 

also double in old trees, as is crown polyhedra volume (Table 5.7). 

The mean number of foliage units per branch was not significantly different 

between age classes, nor was the percentage of branches that were dead. 

Branches in 100yr trees showed a significantly higher amount of gumminess, 

especially in the upper crown. Gumminess in old trees was confined to smaller 

branchlets and young epicormics.  

 

5.3.8 Start Diameters 
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Start Diameters: 100yr 
Mean

St d  
Dev

Old 
Mean

St d  
Dev p<0.05?

Mean Start Diameter (m) all branches 0.14 0.03 0.27 0.09 <.005
Mean Start Diameter (m) live only 0.15 0.03 0.32 0.07 <.005
Mean Start Diameter (m) dead only 0.09 0.01 0.20 0.14 <.05
Range Start Diameter (m) all branches 0.24 0.06 0.84 0.26 <.005
Range Start Diameter (m) live only 0.22 0.07 0.82 0.25 <.005
Range Start Diameter (m) dead only 0.12 0.07 0.35 0.19 <.01
Std Dev Start Diameter (m) all branches 0.06 0.02 0.21 0.07 <.005
Std Dev Start Diameter (m) live only 0.05 0.01 0.23 0.09 <.005
Std Dev Start Diameter (m) dead only 0.04 0.02 0.10 0.04 <.005
Mean Scaling Ratio all branches 0.35 0.07 0.28 0.07 ns
Mean Scaling Ratio live only 0.42 0.08 0.34 0.08 ns
Mean Scaling Ratio dead only 0.19 0.04 0.19 0.09 ns
Std Dev Scaling Ratio all branches 0.18 0.06 0.26 0.08 <.05
Std Dev Scaling Ratio live only 0.18 0.07 0.29 0.10 <.05
St Dev Scaling Ratio dead only 0.06 0.05 0.15 0.06 <.01
Range Scaling Ratio all branches 0.75 0.24 1.22 0.62 ns
Range Scaling Ratio live only 0.70 0.26 1.20 0.62 ns
Range Scaling Ratio dead only 0.24 0.24 0.49 0.25 ns

 

Table 5.8: Comparison of branch diameter descriptors 

The average diameter at the base of branches in old trees was twice that of 

branches in 100yr trees, a statistically significant result (Table 5.8). In addition to the 

mean, the range and standard deviation of starting diameters was always higher in the 

old trees. As with the cone volumes, this is reflecting the similarity of the original 

branches in 100yr trees to each other, and the presence in old trees of large originals, 

large old epicormics and small recent epicormics. 

Comparing the girth of the branch to the girth of the trunk, the average scaling 

factor for the branches exhibited no statistically significant differences between ages. 

Values for all branches and live only tended to be slightly higher in 100yr trees, a 

situation reflecting original branches that have been growing for the same time as the 

trunk at that height. This value is a quantitative measure of how much the larger bud 

branch lineage is dominating its lateral sister branches.  

Surprisingly, the mean scaling factor for dead branches was the same between 

tree ages. This may be a coincidental relationship between the girth of the remaining 

lower crown stubs in 100yr trees and the occasional failed epicormic resprout in the 

upper or lower crown in old trees. This value may also reflect that the average size at 

death of an epicormic branch is fixed. This is the girth at which the branch is no 

competitive, i.e. a failed investment. 

Different measures of variability in scaling ratio showed different patterns. For 

all branch types, the standard deviation of branch diameters in each tree showed 

significant differences between ages. However, the range of branch diameters was not 

significantly different.  
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The presence of mostly original branches in 100yr trees may be responsible 

for this divergence. Differences in significance between range and standard deviation 

could be caused by polymodal distributions of mean scaling factor in the old trees. A 

polymodal distribution could result in a higher standard deviation than a unimodal 

one, even if the range was the same. The similar results for the mean could reflect a 

coincidental balance in the central tendency.  

If one assumes that there is a constant rate of growth that is somewhat similar 

between the original branches, and their big sister- the trunk upwards- then scaling 

factor should be unimodal for a tree with an original crown. When small, new 

epicormic branches sprout from the  lower trunk, a polymodal distribution of scaling 

factors may result.  

 

5.3.9 Distance 

Distance: 100yr Mean Std Dev Old Mean Std Dev p<0.05?

Mean Distance (m) all branches 5.90 1.06 5.89 1.14 ns
Mean Distance (m) live only 7.08 0.90 7.79 1.04 ns
Mean Distance (m) dead only 2.95 0.93 2.54 0.86 ns
Max Distance (m) all branches 13.44 3.60 18.13 4.82 <.05
Max Distance (m) live only 12.44 3.25 18.13 4.82 <.05
Max Distance (m) dead only 7.34 4.70 7.69 4.01 ns

 

Table 5.9: Comparison of distance descriptors 

The mean distance of branches on the tree was not different between tree ages, 

but the maximum distance of live branches was higher in old trees (Table 5.9). The 

situations associated with these longest branches were dissimilar, however. 

Several notably long branches were encountered. However, they were of 

different types in the different age classes. In old trees the longest branches were 

contender leaders heading upwards. In the 100yr trees, some branches of exceptional 

length were encountered with a very horizontal attitude. This is mechanically 

stressful. Catenary forces of leverage create incredible loads on the anchor point when 

the load is held horizontally, perpendicular to gravity (Smith & Padgett, 1996).  

A truly exceptional branch was encountered in tree 9. An original branch 18 

meters long was found held at an only 20 degrees above horizontal. A gap in the 

branches above is show in Figure 5.8.  This length of this branch was almost half the 

height of the entire tree, making it an ideal candidate for snapping in the near future.   
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Figure 5.8: Isometric arborograph of 100yr tree 9. Arrow points to a branch 18 m long. Note gap in 

branches directly above the long branch. 

5.3.10 Vertical plane 

Vertical plane: 100yr Mean Std Dev Old Mean Std Dev p<0.05?

Mean Slope (deg) all branches 33.44 9.69 38.14 6.69 ns
Mean Slope (deg) live only 33.65 9.79 39.81 6.28 ns
Mean Slope (deg) dead only 30.18 12.46 35.95 10.75 ns
Mean Vertical Arc (deg) all branches 23.97 10.31 30.04 17.19 ns
Mean Vertical Arc (deg) live only 30.15 7.85 43.54 22.03 ns
Mean Vertical Arc (deg) dead only 16.48 29.24 5.04 5.52 ns
Mean Down Arc (deg) all branches 5.80 2.33 7.75 3.89 ns
Mean Down Arc (deg) live only 7.51 2.83 11.34 5.40 ns
Mean Down Arc (deg) dead only 2.03 1.89 1.27 1.23 ns
Mean Up Arc (deg) all branches 18.17 8.92 22.29 13.94 ns
Mean Up Arc (deg) live only 22.65 6.62 32.20 17.88 ns
Mean Up Arc (deg) dead only 14.45 29.29 3.77 4.90 ns

 

Table 5.10: Comparison of vertical plane descriptors 

No significant differences were found in the boundary airspace along the 

vertical plane (Table 5.10). The mean angular slope above the horizon, mean 

downwards boundary angle, mean upwards boundary angle, and the mean total 

boundary arc were all compared between ages. 

On average, the branches in the study trees were held at a 36 degree angle 

above horizontal. In older branches, this can be caused by repeated resprouting 
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upwards from parent branches with a dead tip. Contending leader megabranches in 

old trees were more vertical than non- contenders. This contributed to the slightly 

higher mean slope old trees.  

In all instances, the mean up arc was higher than the mean down arc. Foliage 

arises from the top surface of the branch (Jacobs, 1955). 

5.3.11 Horizontal plane 

Horizontal plane: 100yr Mean Std Dev Old Mean Std Dev p<0.05?

Mean Horizontal Arc (deg) all branches 25.78 7.24 32.91 9.17 ns
Mean Horizontal Arc (deg) live only 34.24 5.09 48.37 10.10 <.005
Mean Horizontal Arc (deg) dead only 8.84 9.11 4.69 3.76 ns

 

Table 5.11: Comparison of horizontal plane descriptors 

The horizontal plane was compared for total symmetrical angular arc only 

(Table 5.11). Mean left and right arcs were considered irrelevant to describing the 

tree. A significant higher value was exhibited in this angular spread measure in the 

live branches of old trees.  

For dead branches, an insignificantly higher horizontal arc occurred in the 

100yr trees.  The dead whole branches in these trees were formerly original branches. 

These tend have a horizontal spread greater than young, failed epicormics, which died 

before attaining any lateral spread. 
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5.4 Multivariate classifications 

5.4.1 NMS ordinations 
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Figure 5.9: NMS ordination of trees by structural descriptors standardized by square root 

transformation  2-d stress 4.63. (McCune, 1999) 

A distinct organization was seen in the rendering of the placements of the 16 

trees in NMS hyper-dimensional descriptor-space (Figure 5.9). Unlike techniques 

such as PCA, the axes shown are arbitrary and are equally scaled (McCune, 1999). 

Older trees (green squares) tended strongly to the upper left corner, and 100yr trees 

(red circles) tended to the lower right.   

An unexpected outcome of this ordination is the two distinct clusters of 100yr 

trees (1,7,11,13,15 against 2,5,9). Observation of the arborograph lineup shows that 

the second group appear to have denser, larger rounder crowns than the first. These 
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are subsequently clustered closer to the older of trees. 100yr tree 15, the smallest and 

subjectively the simplest, was farthest away from old trees 8, 16, and 12. 

 

5.4.2 Cluster analysis dendrograms 

 

 

Figure 5.10: Dendrogram of trees classified by descriptors performed on PC-ORD using Euclidean 

distances, Wards linkage method. Old trees are underlined. 
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Figure 5.11: Dendrogram of trees classified by descriptors performed on PC-ORD using Euclidean 

distances, Wards linkage method. 100yr trees are red circles, and old trees are green squares 
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A cluster analysis dendrogram (Figures 5.10, 5.11) showed an initial division 

demarcating the old trees 16, 8, 12, 10, and 3. The sister group included all of the old 

trees, with the crossover exceptions of old trees 4, 6, and 14.   

These three old trees were indeed different than the other old trees, and this 

kinship with the 100yr trees can also be seen in their NMS ordination positions. With 

the exception of the secondary trunk on tree 6, these trees also had shallower crowns, 

less whole branches, and more trunk exposed, than the other old trees. The 100yr trees 

2, 5, and 9, identified as an outlying cluster in the NMS ordination, were in a cluster 

with old trees 4 and 6.  

 

 

 

 

 

 

 

 

 

5.5 File Size comparison 
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Microstation  .PNG image outputsize in Kilobytes
(software v. 05.07.00.41 Bentley Systems, Incorporated, 1998)

Layers Camera T-test
Mean Std Dev Mean Std Dev p<.05?

down 53 5.4 76 12.1 <.005
front 54 5.5 72 8.8 <.005
isometric 59 5.9 75 8.2 <.005
right 48 4.4 62 9.2 <.005
right iso 59 5.1 75 7.9 <.005
top 64 11.0 82 16.9 <.05
up A 72 12.1 99 26.2 <.05
up B 285 38.2 367 51.5 <.005
Sum 694 82.1 907 124.1 <.005

down 84 16.7 140 48.4 <.01
front 211 32.8 279 47.1 <.005
isometric 221 42.2 286 44.8 <.01
right 76 13.7 104 23.1 <.05
right iso 89 13.1 120 20.3 <.005
top 122 31.5 154 42.5 ns
up A 134 41.4 185 62.0 <.05
up B 187 42.8 256 58.7 <.05
Sum 1124 224.3 1523 302.7 <.01

Cones, trunk, 
kite, cross, & 
boundary lines

Cones & trunk 
only

Old
100yr

 

Table 5.12: File sizes of arborograph images 

All but one combination of camera angle and image layers showed 

significantly higher file size for older trees (Table 5.12). The applicability of this 

measure to the reality of the study tree is linked to the precision in resolution level. 

These results indicate that the computer images representing older trees consistently 

contain more information than the images representing 100yr trees.  

The standard deviation of file size was invariably higher in the old trees, 

indicating a greater variability in crown complexity as measured by file size. 

5.6 Structural features  
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100yr 
Total

Old 
Total

Tree # 1 2 5 7 9 11 13 15 3 4 6 8 10 12 14 16
Trough branches X X X X X X X 1 6
Elbow hollows X X X X X 1 4
Litter collections X X X 0 3
Vascular epiphytes X X 0 2
Burl X X X X 0 4
Dead  tops X X X X X X X 0 7
Snapped main stem X X 0 2
Secondary trunk X X
Gallery Branc

1 1
h X X 1

Dead flanks X X X 0 3
Collar hollow X X X X X X 0 6
Trunk Fissures X 0

100yr Old

X = Present in Tree

1

1

 

Table 5.13: Presence of features in each tree 

 

All structural features tabulated were encountered more often in old trees than 

100yr trees (Table 5.13). Eight of the twelve features were only in old trees.  

Trough branches: Large branches, often originals, were decayed on their 

upper surface, forming a canoe-shaped trough. These branches appeared healthy from 

below and from the side, and often continued to support several children branches and 

large quantities of foliage. A brown, dusty layer of stringy bark fragments was found 

in the hollow. Trough branches were classified as three types.  

a. Dead wood forming a pit on the upper surface of living 

branches (100yr tree 13, old trees 3,8,16). Trough depth was 

less than width  (Figures 5.12, 5.15, 5.16). 

b. Original megabranches hollowed into a canoe shape perhaps 

a more advanced stage of trough type “a” (old trees 6, 10, 12, 

16). Trough depth was greater than width (Figure 5.18).  

c. Fragmenting dead branches, perhaps pecked by marsupials or 

cockatoos such as the Black Cockatoo, Calyptorhynchus 

funereus (Simpson et al., 1999) (old trees 3, 6, 8, 10, 12, 16) 

(Figures 5.13, 5.14). 

Trough branches were extremely variable in shape and depth. Large canoe 

shaped megabranches were found only in very large, old branches. Canoe troughs 

encountered in tree 12 were large enough to encompass at least five average-sized 

human.  All trough branches were orientated in such a way that they would collect 
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rainwater (Mackowski, 1984). Types a) and b) had a positive slope and are likely to 

channel water into the trunk.  

No fragmenting dead branch troughs were recorded in 100yr old trees, despite 

the presence of branches similar in size. 

    
Figure 5.12 (left): Trough branch in 100yr tree 13 

Figure 5.13 (right): Trough branch in old tree 8 

     

Figures 5.14 (left), 5.15 (centre), 5.16 (right): Trough branches in old tree 3 

 

Elbow hollows: When the original terminal apex of a branch died, an 

epicormic bud on the upper surface gained dominance and the branch grew upwards 

in an elbow shape. The dead apex may include a woody branch that stays attached as 

a stub. As the living branch grew around that stub, a collar of living wood formed 

around the stub with the resprout arising from the top. When the stub fell off, a 

circular hollow was left. These were often found in conjunction with troughs.  

Similar to the troughs, elbow hollows were encountered in both old large 

branches and smaller epicormics. 100yr tree 13 and old trees 3, 4, 12, and 14 had 

elbow hollows present. In old trees 12 and 3, the elbow hollows were contiguous with 

a trough branch (Figure 5.18). The elbow hollow found in 100yr tree 13 seems to 

have formed at an earlier stage than those in the old trees (Figure 5.17). The live wood 
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has grown around a snapped dead branch end and formed a shallow hollow, but 

appears to be solid wood throughout. By contrast, those in old trees seem to have 

formed when the branch end of an already hollow live branch snapped off. 

     

Figure 5.17 (left): Elbow hollow in 100yr tree 13  

Figure 5.18 (right):  Elbow hollow in old tree 12 

 

Litter collections: Leaf, fruit, twig, and bark litter collected in tight 

branching junctions, in troughs, or in branch collar hollows. Broken “widow maker” 

branches hanging in the tree crown were not counted as litter. Only collections 

deeper than 5cm were recorded. Shallower collections occur frequently at the base of 

live branches.  

 Collections greater than 5 cm deep consisted mostly of stringy bark fibre. 

Other debris included twigs, leaves, fruits, charcoal, and dead wood. Litter collections 

were only encountered in old trees:  

a. in a trough branch or elbow hollow (four old branches in tree 12, tree 

8) (Figures 5.20, 5.21), 

b. in a tight branching point, such as an epicormic fan (old trees 8,16) 

(Figure 5.23), or  

c. in a collar hollow (old tree 8) (Figure 5.19). 
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Figure 5.19 (left): Litter collection in a collar hollow in old tree 8 

Figure 5.20 (centre): Litter collections in a trough branch in old tree 8 

Figure 5.21 (right): Litter collections in an trough branch in old tree 3 

 

Vascular epiphytes: Unlike the nearby Nothofagus and Acacia trees, 

epiphyte cover was scarce in E. obliqua, perhaps due to constantly shedding bark 

(Jacobs, 1955). Vascular epiphytes were only found in trough branches and litter 

collections.  

Two vascular epiphyte occurrences were encountered, only in trough branches 

in old trees. Their presence was attributed to seed deposition by birds (McQuillan, 

2004).  A pair of unidentified seedlings, perhaps Phyllocladus aspleniifolius 

(Kirkpatrick, 2004), in a trough megabranch in old tree 12.  The stems were 

approximately 3 cm in length (Figure 5.22). A vigorous specimen of Mountain 

Pepper, Tasmannia lanceolata (Winteraceae) in a branching crotch litter collection in 

old tree 16. (Figures 5.23, 5.24) 

     

Figure 5-22 (left): Unidentified seedlings in tree 12 

Figures 5-23 (centre), 5.24  right): Tasmannia lanceolata in tree 16  

 

Burls: Large swellings on the tree trunk formed in response to an irritation or 

infection. While small swellings were numerous, perhaps epicormic buds 
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immediately before sprouting, burls larger than 0.5 metres diameter were recorded as 

special features.  

 Large burls were encountered only in old trees 3, 10, 12 and 14. (Figures 

5.25, 5.26) The largest, in tree 10, was 1.4 in diameter (Figure 5.27). This burl had a 

hard, knobbly surface distinct from the normal bark on the others.   

 

    

Figures 5.25 (left), 5.26 (centre): Burl in old tree 3, with stringy bark surface 

Figure 5.27 (right) Burl in old tree 10 with a distinctly knobbly surface. R. Junker placing traps. 

 

Dead tops: The original terminal shoot of some trees was no longer living. 

Other branches may be actually higher than these dead tops, but originate from the 

side of the trunk. All old trees except tree 3 had dead tops (Figure 5.28, 5.29). No 

100yr trees had dead tops. The dead top of tree 6 was the only one to retain fine 

branchlets, indicating a more recent dieback of the summit (Figure 5.30). 

     

Figure 5.28 (left): Dead top in old tree 4, from below 

Figure 5.29 (centre): View of old tree 8, from tree 7. 

Figure 5.30 (right): The dead top of old tree 6 retains smaller branchlets  
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Snapped main stem: A distinct break in the tree trunk, leaving a shard or 

stub section on top, was encountered. While dead tops could lose their leader and 

snap off, snapped stems were  large enough that one could imagine a substantial 

portion of the living tree crown falling with it. Unless burnt, the snapped section is 

nearby on the forest floor.  

Two old trees had snapped main stems. In both trees a lateral branch gained an 

upright position and became the treetop. These upright lateral branches resembled 

younger trees, and were the only branches encountered which could be described as 

reiterations (Halle, 1995).  A shard of wood was often remaining (Figure 5.32).  

Snapped stems were common in surrounding trees, but were often considered 

too hazardous trees and rejected for study (Figure 5.31). 

   

Figure 5.31 (left): Snapped stem on E. obliqua visible from the Airwalk. 

Figure 5.32 (right): The snapped stem of old tree 10 is evidenced by a large shard of dead wood. A 

lateral branch is now the treetop leader. CD sticky trap visible. 

 

Secondary trunk: These arioe from the base of the tree, well below the rest 

of the tree crown. It is unclear if these are resprouts from the low trunk, or a 

overgrown neighbouring tree. As E. obliqua is not lignotuberous, it is unlikely a 

normal resprout (Jacobs, 1955). 
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  Secondary trunks were present in old tree 6 and 100yr tree 7. In surrounding 

forests, secondary stems were observed more frequently in old trees than younger 

trees.  

Doubt remains as to whether these stems were neighbouring trees or basal 

sprouts. It is possible that a swallowed neighbouring tree could have fused or 

interlocking roots with the older swallowing tree (Kelly, 2004).   

The secondary trunk in old tree 6 was of comparable size to surrounding 100yr 

trees, but shorter and wider (Figures 5.33, 5.35). It had a recently sprouted epicormic 

crown, and leaned away from the main stem. The main trunk bends abruptly over the 

top of the secondary trunk (Figure 5.34). The stems split at 3m above the ground. 

There was evidence of decay and charcoal at the basal fusion. A bracket fungal 

fruiting body was present below the fusion. 

The secondary trunk in tree 7 was smaller than any of the surrounding trees 

and was completely dead. (Figure 5.36, 5.37)  The stem split at 1m above the ground. 

     

Figure 5.33 (left): Main trunk  and secondary trunk of old tree 6 

Figure 5.34 (centre): The  upper crown of old tree 6 main trunk bends over the secondary trunk 

Figure 5.35 (right): Arborograph of old tree 6, secondary trunk visible 
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Figure 5.36 (left):: Looking down the main trunk of 100yr tree 7. Dead secondary trunk is visible in 

centre of photo in front of red climbing rope (MW) 

Figure 5.37 (right): Arborographs of 100yr tree 7, secondary trunk visible  

 

Gallery branch: These were branches with several openings on the upper 

surface of a live branch. One gallery branch was found in each age class. 

A live original branch in the upper crown of 100yr tree 11 was identified as a 

gallery branch. A series of holes into a hollow interior approximately 10mm in 

diameter were in a line on the upper surface of the branch. 

A gallery branch encountered in old tree 4 snapped during the course of the 

study (Figure 5.37, 5.38, 5.39). The branch was living and carrying a large amount of 

foliage. It was the lowest branch on the crown and there were no branches near it on 

the trunk. An ant colony (unidentified species) inhabited the complex cavities in the 

branch. Ants were active on the branch surface before and after the break. It is unclear 

if the pattern of holes in the wood was caused by fungal decay, ant colony activity, or 

previous insect activity such as termites. Several small holes approximately 10mm in 

diameter on the upper surface were observed before breakage. 

   

Figures 5.37 (left), 5.38 (centre), 5.39 (right) The snapped gallery branch in old tree 4 
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Dead flanks: A substantial proportion of the upper trunk was dead and 

decayed, and with dry dead wood exposed an charcoal marks surrounding. Branches 

from the live side wrapped around the tree to replace this side of the crown. Bark 

flakes overhanging the side of the dead flanks offer a habitat distinct from the sheets 

of stringybark that peel off of other trees. Huntsman spiders, Delena sp., and skinks, 

Niveoskinkus, were regularly seen sheltering in the flakes on the edge of the dead 

flanks.  

 Dead flanks were only observed in old trees. In old trees 10, and 16, a large 

dead flank extended downward from the stem snap to cover a portion of the upper 

trunk (Figures 5.39, 5.40, 5.41). In tree 16, the dead flanks was approximately 30 

metres in vertical length, and occupied ~40% of the girth. This could have resulted 

from a strip of wood staying attached and peeling off when the upper trunk fell. In 

tree 12, a 4m section of trunk approximately 2m wide was exposed dead wood 

(Figure 5.42). Unlike the others, live wood continued above this patch. 

     

Figures 5.39 (left), 5.40 (right): Dead flank of old tree 16, with smooth dead wood exposed 
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Figure 5.41:Detail of  dead flank of old tree 16, with  charcoal visible. Dark portion is approximately 15 

cm across.  

 

Figure 5.42: Dead flank on old tree 12,in the upper left of the photograph.  (MW) 

 

Collar hollow: Similar to an elbow hollow, but found on the trunk. When a 

branch died but did not fall off, trunk wood continued to grow around the stub. After 

the branch fell, the live wood formed a cavity (Figure 4.42). Collar hollows may 

eventually heal over. While open, they maintain a vector for further decay 

(Hadlington & Johnston, 1988).  

 Several collar hollows were found in each old tree except 10 and 14. None 

were found in 100yr trees. Several stages were observed: 

a. shard of branch retained (all old trees save 10 and 14) (Figure 5.43) 
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a. without shard retained (all old trees save 10 and 14) (Figure 5.44) 

b. healing over (tree 4 only) (Figure 5.45) 

Different effect of original and epicormics due to different depths of anchor 

pathway to heart (Hadlington & Johnston, 1988).  

 

 

       

Figure 5.43 (left): Collar hollow in old tree 4 with branch shard 

Figure 5.44 (centre): Collar hollow in old tree 4 without branch shard 

Figure 5.45 (right): Collar hollows healing over in old tree 4 

 

Trunk fissures: Vertical fissures on the lower tree trunk offered a window 

into a completely hollow stem. These fissures formed “legs” upon which crown is 

supported. The legs were sometimes slightly splayed, creating a bulge in the trunk, 

perhaps due to the weight pressing directly down. Another theory for the formation of 

the fissures and the splayed legs is that the lower trunk is composed of more rigid 

wood than the upper living crown, and the fissures are caused by mechanical stress as 

the tree sways in the wind (Romanski 2004).  

Old tree 3 was the only study tree with trunk fissures (Figure 5.46). A similar 

phenomenon was observed on other old trees in the region. Four vertical fissures 

averaging 6m long and 10cm wide opened into a hollow interior. By placing a camera 

through the fissure, photographs could be taken of the trees interior (Figure 5.47, 

5.48). Charcoal, lichen, and spider webs were observed in the interior. Brown dust 

coated several of the upper spider webs.  
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The burl in tree 3 (Figure 5.25) was above the fissures. At the upper extent of 

the fissures, the trunk bulged outwards (i.e. reverse taper). 

Most old trees in the vicinity exhibited basal sinuses and buttresses (Figure 

5.49, 5.50, 5.51). The fissuring in tree 3 may result from mechanical stress from wind 

or crown weight causing the buttresses to splay.   

      

Figure 5.46: Trunk fissure, visible in the bottom centre,  in old tree 3 viewed externally     

   
Figure 5.47 (left): Hollow interior of  old tree 3 with Brendan Keyes’ hand for scale  

Figure 5.48 (right): Hollow interior of  old tree 3 with author’s boot for scale 
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Figure 5.49 (left): Basal sinuses visible on old tree 8 (MW. 

Figures 5.50 (centre), 5.51 (right : An old E. obliqua at the study site shows a possible future for trees 

with fissures. The hollow interior is exposed and the entire weight of the crown is resting on 

three buttress legs, one of which is buckling out. The upper crown of the tree appears healthy, 

and from one side of the tree it appears intact save for a daylit fissure. 

5.7 Other untabulated features 

Large branch breakages:  Two large branches from old trees were found 

broken on the ground between November 2002 and August 2004. One was the gallery 

branch in old tree 4 described above (Figure 5.37). The other was the trough branch in 

old tree 6.  

It is likely that other branches in study trees failed but not noticed. These two 

megabranches were immediately apparent from the ground because of their size. 

   

Figure 5.52 (left): Large original trough branch failure on old tree 6 

Figure 5.53 (right): Lichen on dead branch in old tree 4 

Lichen on dead branch:  A light green lichen, perhaps an Usnea sp., was 

frequently encountered on the upper surface of dead branches (Figure 5.53).  The 

individual tufts were about 20mm tall. 
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Branch base indentation: An indentation indicating branch weakness was 

observed at the base of a living branch in old tree 4 (Figure 5.54). The discontinuity 

between bark pattern on the trunk and on the branch suggests that this branch is on the 

verge of breaking. 

     

Figure 5.54 (left): Branch base indentation in old tree 4.  

Figures 5.55 (centre), 5.56 (right): Birds nest in lowest branch of old tree 8 

 

Bird nest: An unoccupied bird’s nest was observed in the lowest dead branch 

of old tree 8 (Figures 5.55, 5.56) 

Berry-like foliage gall: A red and yellow gall resembling a berry 

approximately 5 mm in diameter was found attached to a leaf in the top of 100yr tree 

5 (Figure 5.57). When cut open, it appeared to be filled with white material, but was 

unoccupied (Figure 5.58). 

     

 Figure 5.57 (left), 5.58 (centre): Berry-like foliage gall in tree 5 
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Figure 5.59 (right): Scribbly tracks in old tree 3 

 

Scribble tracks: Symmetrical markings tracks were observed on a live gum-

barked branch in the upper crown of old tree 3 (Figure 5.59). This was attributed to 

the larvae of an Yponomeutid scribbler moth (CSIRO, 1967). No specimens of this 

taxon were found in the arthropod trapping.  

 

Bark strip flakes:  Long, flaky strips of bark up to 4 m in length were 

frequently encountered hanging along the trunk (Figure 5.60). Unlike the long, sturdy, 

bottom-anchored ribbons found hanging in the gummy E. regnans (Jacobs, 1955) , the 

stringy bark strips were loosely constructed. Bark strips were found hanging as a 

loose flake anchored at the top, or as smaller flakes anchored at the bottom. Large 

hanging strips were fragile and often fell off when disturbed.  

Large hanging strips were easily created artificially when investigating the 

bark. By digging one’s fingers under the bark, a vertical flake could be pulled off to 

reveal animals living beneath. Large social huntsman spiders, Delena sp., were often 

found living beneath these flakes (Figure 5.61).  
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Figure 5.60 (left): Short bark strips visible above R. Junker along the trunk in 100yr tree 5. 

Figure 5.61 (right): Seven-legged Delena sp. huntsman spider in old tree 16. Blue rope is 9 mm in 

diameter.  

 

Flaky armpit bark:  Stringy bark was often seen forming flaky bridges 

between the branch and trunk on the underside of branches (Figure 5.62). They were 

not sampled for arthropods, but represent a habitat found only in stringy barked 

Eucalyptus. 

    

Figure 5.62 (left): Flaky armpit bark in 100yr tree 2 

Figure 5.63 (right): Branch armpit ridging visible in old tree 4, with R. Junker. 

 

Branch armpit ridging: A pattern of parallel ridges was observed in many 

branches with a diameter greater than 15 cm (Figure 5.63). This may be an evolved 

mechanism to support the weight of heavy branches, or may be a deformation caused 

as a branch gains mass and dips downwards.  
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6) Crown Structure – Discussion 
The crowns of the old trees were found to be quantifiably different from the 

100yr trees. The old trees showed more variability in structure. The dynamics of intra-

crown competition between branches is discussed. All structural features were more 

common in the older trees, following the literature that indicates time is required for 

their formation. The measure of complexity is discussed in regards to studying crown 

structural complexity. 

6.1 Distinctness of crowns 

Ha: Old trees are quantifiably and objectively distinct from 100yr trees, i.e. old 

trees are not scaled-up versions of 100yr trees.   

Ho: Old E. obliqua trees differ only in size to 100yr trees. 

6.1.1 Summary of evidence 

Several descriptor variables show quantitative, significant distinctions between 

the tree ages. Descriptors of scaling ratios, proportion of gum bark, horizontal arcs, 

ratio of crown polyhedra: trunk wood volume, and proportional mean branch height 

highlight differences in crown structure beyond that of scale. 

Other allometric relationships can be viewed in the results. For example, the 

ratio of tree height between 100yr and old trees was about 1:1.3, while the ratio of 

wood volume was about 1:7. This clearly shows a strong difference in allometry 

between the age classes. 100yr trees were slender compared to the thick old trees.  

Structural features found in old trees were absent from most 100yr trees. A 

scaled up version of the 100yr trees would not have these features. 

Old trees showed either a secondary epicormic crown, indicating a crown fire, 

or a senescing primary crown. These trees were distinguished in the descriptor 

dendrogram and NMS analyses (Figures 5.9, 5.10). 

The evidence supports the rejection of the null hypothesis that old E. obliqua 

trees differ only in size to 100yr trees. 

6.1.2 Crown developmental stages of E. obliqua in wet sclerophyll 

forests 
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The sixteen study trees represented the mature, primary, and secondary crowns 

types described by Jacobs (1955). All study trees had at one point been vigourous 

young trees, and all old trees had at one point been early mature trees (Figure 6.1).  

The 100yr trees were all early, dominant mature trees. The old trees were 

either trees with epicormic crowns that had survived a crown fire, or mature trees with 

senescing primary crowns.  

 

 

Figure 6.1: Crown structural development in wet sclerophyll E. obliqua. All trees eventually die. All 

eight of the 100yr study trees had primary crowns. Three old study trees had experienced a 

crown burn. Five old study trees retained primary crowns in various stages of senescence. A 

crown fire changes the crown structural path by killing the original branches of the primary 

crown and triggering a secondary epicormic crown. The trunk may snap.  If a crown fire does 

not occur, original branches will die over time as crown senescence progresses.  Note that the 

tree can die at any stage.. Trees end up as logs on the forest floor or are harvested. 

 

All 100yr study trees were mature dominant trees: The 100yr age cohort 

showed no signs of crown scorch or crown senescence. The primary crown was still 

present. The upper crown was healthy, and the top had not yet died. Branch thinning 
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on the lower crown was responsible for the presence of dead branches, rather than 

senescence. Most epicormic activity was on the branches, rather than from the trunk.  

The differences in crown structure were caused by intra-cohort variability in 

vigour. While these trees were dominant over others of their age class, they still 

competed with trees on higher ground and the taller old trees.  

The arborographs of the 100yr trees displayed rounded, live crowns (Figure 

6.2, 6.3). The crown was significantly shallower than in the old trees. The uppermost 

branches were living and competed with the lower branches. The lower original 

branches longer than the higher branches and at a lower angle (Ishii & McDowell, 

2001; Jacobs, 1955). 

Small branches from the lower trunk were not present. The tree was investing 

its resources in vertical height. In its lifetime, the trunk has been shaded. No gaps had 

formed from trees falling, and the tree had been adjacent to fire in which the 

understorey was cleared. If these events did occur, epicormic branches in the lower 

crown would be present (Mifsud, 2003). 

    

 Figures 6.2 (left), 6.3 (right): 100yr trees 5 (left)  &  9 (right)  shows rounded primary crowns and  

clean lower trunks with no epicormic activity. 
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Features such as dead tops, trough branches, elbow hollows, and dead flanks 

are symptoms of crown damage caused by senescence or fire. These features were 

uncommon or absent in the 100yr trees. 

 

Crown Fire event: A divergence in crown structure development is caused by 

a crown fire event. If it is not fatal, a crown fire will kill the original branches and 

trigger a secondary crown of resprout (Figure 6.4). 

 

Figure 6.4. After loss of foliage and original branches of the primary crown to a fire, dormant epicormic 

buds are released. From Figure 44c in Jacobs (1955) 

 

Old trees that experienced crown fire had a secondary epicormic crown: 

Trees 8, 10, and 16 showed evidence of a crown burn in the dense epicormic crowns, 

lack of original branches and low epicormic branches. Trees 10 and 16 also have dead 

flanks and snapped trunks. 

Trees 8, 10, and 16 all showed deep, dense epicormic crowns (Figure 6.5, 6.6, 

6.7). In comparison to the other old trees, branches were dense along the trunk. 

Original branches were mostly absent. Large epicormic branches dominated smaller 

epicormic branches. 

Trees 10 and 16 were significantly shorter than the other old trees. Their 

trunks have snapped and the uppermost foliage was from an epicormic branch. 

Epicormic branches wrapped around the trunk over a dead flank to access light. 
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Figures 6.5 (left), 6.6 (centre), 6.7 (right): After the trunk snap in old tree 10, a vertical epicormic 

branch contends  for leadership with a much larger branch growing at a slope. 

 

Tree 10 and 12 both possessed dead flanks and snapped trunks (Figure 6.8). 

The dead flanks were covered in charcoal and signalled massive damage to the tree 

crown. Tree 8 may have burnt more recently, or suffered less damage in the crown 

fire. The top was dead. A dead flank was not observed and the trunk had not snapped.  

Old tree 10 Old tree 16

Dead flank Dead flank

 

Figure 6.8: The dead flanks on trees 10 and 16 were evidence of massive crown damage during a fire 
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Old trees that did not experience crown fire had senescent primary 

crowns: Old trees 3, 4, 6, 12, and 14 retained primary crowns in varying degrees of 

senescence. The progression of senescence through time may be accelerated by stress 

on the tree.  

Judging by the degree of resprouting and the number of original branches 

remaining, an assessment of the trees’ decreasing vigour and/or increasing age may be 

formed. Trees 6, 14, 3, 12, and 4 show declining abundances and condition of original 

branches, and an increasing amount of epicormic activity on the trunk of on the 

branches (Figures 6.9, 6.10). 

The absence of a crown fire is shown in the arborographs by a taller, sparser 

crown than that of the secondary crowned old trees. Epicormic activity on the lower 

trunk is less pronounced. Original branches are retained with epicormic foliage on the 

upper surface (Figure 6.10). 

   

Figures 6.9 (left), 6.10 (centre), 6.11 (right): In the upper crown of old tree 4 several large original 

branches remain. Epicormic branches arise from the upper surfaces. Damien Catchpole 

descending past large original branches in the upper crown of old tree 4. 

 

Most of these trees had dead tops and recent collar hollows where original 

branches were failing. None of these trees had dead flanks or snapped tops. These 

trees appear to have experienced burning at some stage, but not of sufficient intensity 
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to reach the crown. The charcoal in the hollow interior of tree 3 suggests interior 

burning that the tree somehow survived. A crown fire could still alter the crown 

structure of these trees and trigger a secondary crown. 

 

6.1.3 Crown development as competition between cohorts 

100yr trees follow Jacobs (1955) sapling model: The 100yr old trees in the 

present study show a similar crown structure and dynamic to Jacobs’ (1955) 

illustration of branch competition in a Eucalyptus sapling (Figures 2.2, 6.12). Curtin 

(1970) discussed the “nonplasticity” of E. obliqua after studying the allometry of trees 

between 10 and 93 years of age. Similarly, the 100yr old trees in the study appear to 

be scaled up versions of younger trees. 
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Figure 6.12: Crown of 100yr tree 1 

 

Older branches compete with younger branches by being lower and 

longer: Branches within a tree compete by producing auxin (Raven et al., 1986). This 

hormonal growth suppressant inhibits the growth of other buds lower in the tree or 

branch. Vigorous branches will suppress other branches to a greater extent than 

decadent branches. 

In the dominant 100yr trees, the younger upper branches were more vertical 

than the lower older branches. Unlike the tapered, bottom heavy crown of P. 

menziesii, the younger, vigorous branches appeared to dominate over the older 

branches beneath. As the older branches adopted a lower angle, they moved out from 
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under the influence of the upper branches. When competing upwards for light, the 

younger branches have the advantage of a higher origin point. The additional length 

of the older branches allows them to gain a high position at an angle away from the 

youngest branches. Foliage grows upwards from the branch surfaces towards the 

light.  The rounded crown shape of the 100yr trees forms from this phenomenon of 

longer, older branches lowering from vertical. Jacobs (1955) attributes this to the 

increased weight of the older branches 

Older, lower branches were sometimes of sufficient length or in suitable 

circumstances to retain an upright attitude and compete with the younger branches of 

the upper crown (Figure 6.13, 6.14).  

 

  

Figures 6.13 (left), 6.14 (right): In 100yr tree 2, a lower branch visible on the leftside is competing with 

the upper crown. Its length and steep slope allow it to compete with younger branches with a 

higher anchor point. 

 

 

By contrast, older branches in Douglas-fir compete by being longer: In P. 

menziesji, most branches maintain a horizontal, geotropic attitude throughout life 
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(Ishii & McDowell, 2001; Van Pelt et al., 2004). Older branches compete with the 

upper branches by virtue of their longer axes which bring foliage out from under the 

shading of the upper tree (Figure 2.3). Reiteration of branches in these coniferous 

trees may be an attempt by the older branches to exploit any advantage they may have 

over the younger branches above.   

 

The original branches lowest in the primary crown are the oldest and the 

least competitive: In Jacobs’ (1955) illustration of crown growth in Eucalyptus 

(Figure 2.2), the lower dead crown in a sapling encompasses the oldest branches at 

four years of age. Similarly, in the 100yr study trees, the oldest branches remaining on 

the tree are in the lower crown (Figures 6.15, 6.16). Even if they had been 

exceptionally vigorous in the past, young branches were in a stronger position by 

virtue of their height. These branches were rarely observed at their length at death. 

Lower dead branches had usually snapped and remained as shards. Dead branches 

were rare in the upper crown of 100yr trees. This suggests that most branch death in 

this age class was due to the interlinked effects of old age and the lack of 

competitiveness in the lower crown. The visible effects of mortality from herbivory 

may be confined to branchlets and buds beneath the resolution level (Lowman, 1987; 

Mopper et al., 1991).  

  

Figures 6.15 (left), 6.16 (right): The lower dead crown in 100yr tree 1 contains the oldest branches in 

the tree. Some are retained only as stubs. 

 

Competition of branches in old trees: In the old E. obliqua, branches have a 

lifespan shorter than that of the tree. The analogy of branches in the crown to trees in 

a forest can be extended to the old trees. The old trees in the study are of sufficient 

age that most original branches are dead or dying. The catastrophic loss of branches to 
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a crown fire or the gradual loss of branches to age releases epicormic buds from 

dormancy (Jacobs, 1955). Similarly, in forest systems, shade-intolerant seedlings 

cannot survive unless a catastrophic disturbance or the death of an established 

dominant tree releases them from suppression by established trees.  

A crown fire is analogous to a stand level fire: Crown fires, such as those 

that affected old trees 8, 10, and 16, can cause complete or partial mortality of the 

original branches. A complete crown burn, like the E. regnans forest in Wallaby 

Creek, Victoria, generates an even-aged cohort of branches on the tree (Ashton & 

Chinner, 1999). There may be some surviving original branches. If the foliage was 

scorched, then epicormic buds will be released along the branch surface. These 

epicormic buds are analogous to seedlings.  

Ishii et al. (2002) notes the lack of increased epicormic activity in the harsh 

conditions of the upper crowns of P. menziesii. They infer that epicormic production 

in these trees is a constant process independent of external stimuli. By contrast, 

epicormic activity in E. obliqua is caused by external factors such as fires and crown 

damage, and by internal factors such as the loss of the tree top and branches to decay 

(Jacobs, 1955). 

Sillett & Van Pelt (2000) records the structure of reiterated secondary trunk in 

the crown of ancient redwood tree that survived a crown fire. Due to the long time 

period since the fire, it is unclear if these reiterations arose from surviving original 

branches, or epicormic resprouts. 

Epicormic buds compete to survive: Not all of these epicormic branches will 

survive. Like the competitive exclusion phase of stand development following a 

disturbance such as harvest or wildlife, density-dependant mortality results in the loss 

of less vigorous epicormic branches (Franklin et al., 2002). An epicormic branch in a 

lower position is generally less competitive than one above it. The upper branch 

shades the lower one and is in a stronger position to compete with neighbouring trees. 

The upper branch produces auxin that will suppress the lower branches (Jacobs, 1955) 

(Figures 6.17, 6.18). 

Franklin et al. (2002) describes a stage of rapid biomass accumulation 

concurrent with competitive exclusion. Similarly, epicormic branches that suppress or 
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outlive other branches will have less competition for the resources and will grow 

quickly. 

  

Figure 6.17 (left): Low epicormic branches in old tree 6 have failed when higher ones have thrived.  

Figure 6.18 (right): The end result of competition between epicormic resprouts is visible in this 

arborograph of old tree 16.On the left side of the picture, several small dead epicormic stubs 

(grey) have been overcome by the large branch above (brown). 

 

In absence of crown fire, branches will die of old age:  Epicormic branches 

can also be released by the death of original branches from decay, mechanical 

disturbance, or herbivory (Jacobs, 1955). The primary crowns of the old E. obliqua 

are in dieback (Figure 6.19). The tree is no longer gaining height and is commercially 

overmature. The top is usually dead.  

In a microcosm of the entire tree, original branches decay over time 

(Mackowski, 1984). The dead tip of a branch is analogous to the dead top of the entire 

trunk. When the top of a E. obliqua dies, the lower branches released from 

suppression contend for leadership.  

The death of the branch tip can trigger the release of previously dominated 

epicormic buds on the upper surface of the branch (Jacobs, 1955). These branches 

will contend for domination of the entire branch. Elbow hollows can result when the 

branch end falls off (Mackowski, 1984).  
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Figure 6.19: The senescing upper crown of tree 3 has several original branches with epicormic activity 

on their upper surface. 

 

Epicormic branches on the trunk are released by the death of originals: 

Epicormic branches on the trunk can result from decay or damage to the upper crown. 

Through time, the primary crown of E. obliqua senesces. When the original branches 

fail, dormant buds are released from their suppression and can replace the lost 

branches. Jacobs (1955) notes that they are not as efficient as the originals they 

replace, and that several cohorts of epicormic branches may sprout and die before the 

death of the entire tree. Contender branches may have arisen from epicormic buds, 

rather than original branches. 

In P. menziesii, epicormic branches sustain foliage in the lower crown, where 

original branches are in decline  (Ishii & Ford, 2001) (Figure 2-3).  

Epicormics on the lower trunk can form megabranches: Epicormic 

branches on the lower trunk may be competitive because of favourable conditions 
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surrounding the tree (Figures 6.20, 6.21, 6.22, 6.23). In old trees 3, 8, 12, and 16, 

megabranches arose from the lower trunk and were the largest branches on the tree. 

Mifsud (2003) reports on the bursting of epicormic buds on wet sclerophyllous 

Eucalyptus in response to the opening of gaps as nearby trees fall. Jacobs (1955) 

(Figure 6.4) illustrates epicormic branches low on the trunk in response to fire.  

All old study trees survived the fire events of 1898, although some may have 

experienced a crown burn . The fire would have caused a decrease in the abundance 

of neighbouring trees. Fire damage to the trunk, combined with the increased light 

levels, may trigger the growth of epicormic branches which were in the proper 

conditions to grow to tremendous sizes.  

Competition from other branches would be minimal the middle trunk below 

the crown. In this zone, low original branches had been occluded in the past. The 

future megabranch would be able to grow steeply upwards without competition from 

established originals. If fire damage did not extend further up the trunk, the epicormic 

activity above would be absent. 

   

Figures 6.20 (left), 6.21 (right): A megabranch low on the trunk of old tree 12 (at 13m) may have 

originated immediately after damage from a fire that did not reach the tree crown. Large 
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original megabranches can compete with branches  in the upper crown. Competition obstacles 

for a newly sprouted epicormic on the lower crown would have been minimal after a fire. 

Original branches in the zone immediately above would have been self-pruned in the past, and 

neighbouring trees would be less abundant. There are no branches on the trunk in the shade of 

this megabranch. M. Cracknell shown placing traps. 

  

Figures 6.22 (left), 6.23 (right): A large, low epicormic megabranch in tree 14 at 22m. R. Junker shown 

in the tree crown. Note the lack of epicormic branches in the zone shaded by the large branch. 

The next branch upwards on the trunk (31m), seen immediately above the climber does not 

compete with the low megabranch but bifurcates and invests in another location. The 

megabranch is probably the older of the two. 

6.2 Variability in tree crowns 

Ha: Old trees have a more variable crown structure than 100yr E. obliqua.   

Ho: No difference exists in variability of crown structure between 100yr and 

old E. obliqua. 

6.2.1 Summary of evidence 

Observations in the field strongly indicated the higher variability of tree 

crowns in older E. obliqua.  

Visual assessment of the arborograph lineups (Figures 5.1, 5.2) showed a 

higher variability in the crown structure of old trees. As the most extreme example, 

 



6) Crown Structure - Discussion 

old trees 4 and 6 are visually distinct from the 100yr trees and the other old trees.  By 

contrast, the 100yr old trees show a smaller range of size and shape.  

NMS ordinations (Figure 5.9) showed 2 distinct clusters of 100yr trees against 

a more evenly spread of old trees. However, there was a relatively similar spread of 

trees overall in both age categories. 

PNG file size analysis (Table 5.12) showed a consistently higher standard 

deviation for the older trees. The amount of information, used as a surrogate for 

complexity, required to display the arborographs was therefore less variable for the 

100yr trees.  

The occurrence of structural features was much higher in the old trees. Each 

individual feature encountered was unique. When the higher rate of incidence is 

combined with a presence of a distinction bias adds further evidence that old trees are 

more variable in structure.  

The discussion of intra-crown inter-branch competition highlights the regular 

pattern of branch growth in 100yr trees and the disruption of this pattern by stochastic 

events such as crown burn and branch senescence. All of the 100yr trees were 

identified as mature primary crowned Eucalyptus, whereas old trees were divided into 

primary- and secondary- crowned trees  

The evidence supports the rejection of the null hypothesis that no difference 

exists in variability of crown structure between 100yr and old E. obliqua. 

6.2.2 Comparison with previous research 

The findings of the present study support the contention of Richardson et al. 

(2001) that older trees have a higher plasticity than younger trees.  \Plasticity is meant 

in this context as the range of expression in physical form, rather than as the ability to 

tolerate change. Richardson et al. (2001) showed that within the crown of older Tsuga 

heterophylla, the range of leaf shape expression is greater than the younger trees. The 

present findings show that this holds true for the branching structure of E. obliqua.  

Life experiences change trees and create unique, idiosyncratic crown 

structures (Halle, 1995; Ishii & McDowell, 2001; Sillett & Van Pelt, 2000). Young 

organisms faithfully express their genetic growth pattern, or architectural model. As 

time progresses, deviations from that model accumulate and exacerbate. Small 
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deviations can magnify. Older E. obliqua, like older people, older cars, and older 

buildings, have had a longer time to collect injuries and experiences. Those injuries 

and experiences continue to create deviations in the architectural model over time. 

Green (2002) and Fay (2002) discuss the arboriculture industry’s recognition of an 

ancient tree’s accumulation of experience. 

The old study trees have had about 300 years more experience than the 100yr 

trees (Hickey et al., 1998). Fires in the crown caused the most apparent changes in the 

studied E. obliqua tree crowns (Wilkinson & Jennins, 1993). Experiences such as 

herbivory (Mopper et al., 1991), wind damage (Mifsud, 2003)) and fungal infection 

(May & Simpson, 1997; Wardlaw & Neilsen, 1999) impact each tree in a unique way.  

A potential confounding factor is the increased range in age of the old trees. 

Using the fire history of Hickey et al. (1998), the ages determined for the 100yr trees 

is more precise than the lumping of the old trees into one age class. Differences in 

crown structure of 100yr tree are probably caused by environmental and competition 

factors rather than age. The old trees are all likely older than 300 years, and younger 

than 500 years, but determining their age is impossible (Hickey et al., 1998). The 

increased range of crown structures in the old trees is interlinked with the increased 

range of tree ages.  

Like disturbances or competition in a forest stand (Franklin et al., 2002), 

branch mortality can change the population of branches in the tree crown. Ishii &

Wilson (2001) discuss epicormic activity and branch death in different strata of the 

crown. Sprouting of epicormics and the death of original branches, in analogy with a 

forest stand, leads to an increase in heterogeneity of horizontal and vertical structure, 

albeit rotated ninety degrees (Brokaw & Lent, 1999; Song et al., 1997; Van Pelt & 

Nadkarni, 2004).   

The old trees in the study had been present for three centuries before the 100yr 

trees. They had experienced the drastically different conditions following the fires in 

1898 (Hickey et al., 1998).  During this time period a difference collection of stresses 

acted upon the surviving trees (Figure 6.24). These stresses have never been 

experienced by the younger trees that germinated after that period. With the100yr 

cohort, the trees survived the gradual changes of the post-burn environment into the 

rainforest understorey seen today. 
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The old trees show  plasticity in their observed crown structure. The evidence 

collected on the old E. obliqua in this project strongly contradicts his findings. The 

crown structure of the old trees shows strong differences from both the 100yr trees 

and from each other. The plasticity in structure of the old trees is apparent in different 

patterns of epicormic activity (Ishii et al., 2000), different levels of retention of 

original branches (Jacobs, 1955), and different incidences of structural features 

(Gibbons & Lindenmayer, 2002). Similarly, Clement et al. (2001) discuss the 

variability in the open, asymmetrical crowns of ancient Fitzroya cupressoides in 

comparison to the conical crowns of younger specimens. Sillett (1999) details the 

variation in crown structure of eight old-growth Sequoia sempervirens. 

 

 

 

Figure 6.24: Eucalyptus globulus growing amidst coastal shrublands at Point Reyes, California, has 

been able to express its architectural model without disturbance from native insect or fungal 

stresses. The dead branch visible in the foreground illustrates how this vigour may be more 

than the tree can mechanically handle. It is likely that these exotic Eucalypts would show less 

variability in crown structure than they would in Australia. Hollows may never form in the 

absence of co-evolved agents such as  fungus and termites. Note the clean healing of occluded 

branch visible in the front right and far left of the photo. Although other environmental factors 

will impact them, the lack of these stresses means fewer deviations from the model. Eric and 

Gary shown climbing ~2m from the ground. 
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6.3 Incidence of structural features 

Ha: Structural features such as epiphytes, hollows, dead tops, snapped trunks and 

burls are more commonly present in old E. obliqua than 100yr E. obliqua. 

 Ho: Structural features are equally common in 100yr and old E. obliqua. 

6.3.1 Summary of evidence 

All structural features recorded were present in more old trees than 100yr trees (Table 

5.13). Any and all of the old trees had more structural features than the 100yr trees. 

The recording of structural features was subject to both recognition and 

observational biases. The four incidences recorded in 100yr trees (a trough branch, 

elbow hollow, secondary trunk, and gallery branch) all appeared to originate from 

different processes than those same features recorded in old trees. This also evidences 

of a distinction bias.  

The evidence supports the rejection of the null hypothesis that structural 

features are equally common in 100yr and old E. obliqua. 

6.3.2 Comparison with previous research 

The higher numbers of structural features in the old E. obliqua is a product of 

the increased variability in the older crowns, and the distinct patterns of crown 

structure that are not present in the 100yr trees. 

The presence of these features is due to more than just the increased size of the 

old trees. Increased age and decreased vigour foster the formation of several structural 

features. Subdominant trees may resemble older trees because of their decreased 

vigour (Hickey, personal communication). 

The death of the uppermost portions appear to be an invariable feature of age 

in E. obliqua. Dead tops and trunk snaps of Eucalyptus may result from decay 

following crown fire, or from wind damage (Mifsud, 2003). The old trees have 
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probably survived more storms than the younger trees. Dead tops can also be 

symptomatic of stress and internal decay unrelated to fire or wind. The dead flanks in 

old trees 10 and 16 were undoubtedly caused by a crown fire. 

Tree hollows develop with time (Gibbons & Lindenmayer, 2002; Gibbons & 

Lindenmayer, 1996; Mackowski, 1984). The process of decay in trunk and branches 

is gradual and the 100yr trees are not old enough to form them. Whitford (2002) 

reports that hollows in Eucalyptus are bigger in more senescent trees. Also, trees may 

need to be of sufficient size to enclose hollows. Lindenmayer et al. (1993) reports that 

taller, larger Eucalyptus have more hollow branches than smaller ones. 

The collar and elbow hollows form when the entire, or the end of a branch 

breaks (Gibbons & Lindenmayer, 2002). In the older trees, more branches have grown 

and failed than in the 100yr trees. Furthermore, these branches are usually in worse 

condition. 

Trough branches and litter collections were often found in decaying original 

branches, or large old epicormics. The branches in the 100yr tree were often not of 

sufficient size to create a canoe trough. Litter collections were sometimes found in 

tight branching points where several epicormic branches were found. Sillett (1999) 

reports on the collection of debris at the base of a dense collection of reiterated trunks 

in an ancient Sequoia sempervirens. Similarly, dense branches in Eucalyptus foster 

the collection of litter. 

The rare presence of vascular epiphytes was dependent on an appropriate litter 

collection to support it. They were probably deposited through bird deposition. 

Vascular epiphytes appear to be completely absent from the crown of the younger 

trees. Sillett (1999) links the presence of ericacious shrubs in a redwood crown to 

wood decay. Unlike epiphyte communities in tropical forests (Benzing, 1995; Hietz, 

1997), vascular epiphytes in Eucalyptus trees are not canopy specialists, but appear to 

be chance incidences of understorey trees.  

The large burls found in old trees were not found in the 100yr trees. The 

diameter of the hemispherical burl in old tree 10 was of comparable size to the basal 

trunk diameter of the 100yr trees.  No burls of any size were noted on the trunk of the 

100yr trees. Burls may form over time as a response to wounds or infections, and the 

100yr trees may not be old enough. 
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The gallery branches and secondary trunks were likely to have been lumped in 

error due to a distinction bias. The formation of the two incidences of gallery 

branches is unclear. Further mystery remains in determining whether the secondary 

trunks are basal epicormic resprouts, or neighbouring trees being swallowed.  

The trunk fissures of old tree 3 appear to be an advanced symptom of 

senescence and trunk hollowing. A similar feature was observed in a nearby old tree. 

Nothing resembling this feature was found in any younger trees. 

6.4 More complexity of information 

Ha: Old trees will have a greater complexity than 100yr trees, as measured in 

surrogate by the amount of information required to describe them. 

Ho: Virtual 3-d models of 100yr and old E. obliqua do not differ in 

complexity, as measured by the amount of information required to describe 

them. 

6.4.1 Summary of evidence 

The mean file size of the arborographs was significantly higher in old trees for 

all but one of 15 camera angles. The accuracy of this measure was subject to the 

faithfulness in resolution when branches were measured in the field (Table 5-12). 

A higher incidence of structural features was found in the old trees. Each 

feature requires more information to describe, and therefore add complexity to the 

trees (Table 5-13).  

The evidence supports rejection of the null hypothesis that 100yr and old E. 

obliqua do not differ in complexity, as measured by the amount of information 

required to describe them. 

6.4.2 Comparison with previous research 

Structural complexity measured by information: The quantification of 

complexity is a difficult task. Loehle (2004) specifically identifies the measurement of 

geometric complexity of tree crowns as an outstanding challenge. Mathematical 

measures of complexity often approach the subject by measuring the information 

required to describe a system (Anand & Orloci, 1996). Roche (2001) appeals for 
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consideration of biocomplexity, a measure beyond mathematical summaries of 

communities. 

 Sillett & Van Pelt (2000a) describe the crown of an ancient Sequoia 

tree as potentially the most complex on Earth. They present a crown diagram 

illustrating the several generations of reiterated secondary trunks and the numerous 

fusions of wood in the crown. This diagram can be compared to those of other, 

simpler redwood trees (Sillett, 1999). Several additional measures of its higher 

complexity can be generated.  More ink was used to illustrate its crown, and more 

words were used to discuss it. Sumida (1995) generates arborographs of trees using 

interlinked lines. The number and length of these lines can be used as a measure of 

complexity. 

Complexity is more than just branches: The structural complexity in the 

crown of a tree may be more than measures of branch structures. The incidence of 

structural features adds complexity. Each attribute may contribute to the overall 

complexity more than a given branch. Live branches can be relatively similar, 

whereas tree hollows, bark flakes, and are individually distinct and have their own 

ontogeny. 

Composite measures used as surrogate for overall complexity: Sillett &

Bailey (2003) used a composite measure for structural complexity. Several features 

(e.g. volume of main trunk, number of branches, number of reiterated trunks) were 

delegated to represent complexity. They were combined using Principal Components 

Analysis (PCA) (McCune & Grace, 2002).  The first PCA axis, representing most of 

the variation between the trees, was delegated as a surrogate for “overall complexity.” 

This composite measure allows for several contributing variables. A subjective bias 

exists in the choice of variables, and a decision is made that these variables contribute 

equally to complexity (Sillett & Bailey, 2003).  

PNG file analysis allows:  No other use of this measure is known. Computer 

visualization images are easily quantifiable using computer operating systems. When 

controlled for software and formatting variables, computer images provide a simple 

index of visual complexity. 

Other tree maps could be analysed simply in this methods. The 

chronosequence of the P. menziesii illustrations from Van Pelt & Nadkarni (2004) 
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were analysed for information content (Figure 6.25). The computer bitmap graphic of 

the chronosequence was cropped for each age class and converted to PNG graphics 

files. While PNG vector-based graphics are not perfectly suited for analysing ink 

drawings, they offer a standardized method. Like the present study, older trees show a 

trend to have larger file sizes. This measure is linked to the amount of ink used in the 

drawing, and perhaps to the number of measurements made in the structural 

measurements used as a drawing framework. The height of each tree illustration 

predicts the file size.  
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by Robert Van Pelt using in situ structural measurements. All graphics and data used 
for PNG generation are from Van Pelt and Nadkarni (2004).

 

Figure 6.25 (left):  Portraits of Pseudotsuga menziesii from Van Pelt & Nadkarni (2004). Hand 

drawings by Robert Van Pelt. 

 



6) Crown Structure - Discussion 

 
Figure 6.26 (right): Relationship of graphic computer file size of P. menziesii portrait plotted against 

increasing tree age. Note that the height of the tree predicts file size.  
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