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In this chapter, the traps collection and analysis of the canopy arthropods are 

detailed. The canopy arthropod biodiversity of the sixteen study E. obliqua trees was 

sampled using traps of three designs. Active collecting methods, such as fogging, 

branch clipping, and foliage beating, were rejected because of the unpredictable time 

investment required in accessing each tree. Mobile, rather than sessile, arthropods 

were targeted. Placing traps allowed flexibility for inevitable complications, as the 

trapping time (~60 days) was much greater than the placement time (~7 days).  

Analysis compared seven aspects of biodiversity between ages. The aspects were 

abundance, richness, community structure, species accumulation, diversity, 

distinctness, and individual taxon responses. The concept of scaling arthropods to tree 

size is discussed in detail to justify the rejection of scaling methods. 

7.1 Trap design types 

Fourteen traps were placed within the crown of each tree (Figure 7.1). Traps 

were active in January-March 2004.Three trap types were selected for their relative 

advantages: broad collection of taxa, low cost, durability in the conditions of the 

treetops, and portability.  

CD sticky traps were placed on the trunk in the lower and upper crown to 

target local fliers, and animals intending to land on or jump along the trunk (Bickel, 

2003). The trap collection was inferred to represent the community associated with 

the airspace close to the trunk.  

Funnel crawl traps were placed on a live branch, dead branch, and trunk 

position in the upper and lower crown. Branch traps were positioned horizontally to 

capture animals moving inwards toward the trunk, and trunk traps were positioned 

vertically for animals heading upwards. The trap collection was inferred to represent 

the bark associated fauna.  

Three hangtraps, omni-directional flight intercept traps were hung from 

branches on a cord approximately 2 metres from the trunk, in the upper, lower, and 

middle crown. Each trap had a top and a bottom collecting bottle filled with ethylene 

glycol.  The trap collection was inferred to represent the community in the airspace 

within the tree crown. 
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Figure 7.1:  Illustration of generalized trapping positions  
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7.1.1 Sticky CD traps 

Goals : Sticky traps are relatively inexpensive and simple to construct, but are 

messy and generally yield poor quality specimens (Basset et al., 1997). Sticky traps 

target animals landing on tree surfaces (Figure 7.2), as do the flight intercept traps 

used by Majer et al. (2003) (Majer et al., 2003). A compact casing was required to 

carry a surface painted with sticky glue into the tree crown without allowing the glue 

to come in contact with other objects, while also allowing protection of the collected 

specimens during transport to the ground.  

 

 

Figure 7.2: Arthropods susceptible to sticky traps, from Bickel & Tasker (2004)  
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Construction: A standard compact disk case served as both the sticky surface 

and carrying case (Figure 7.3).  When the interior CD mounting crown is removed, 

they form a transparent plastic box 125mm x 140mm x 10mm. The inside front panel 

was coated with Tanglefoot ® glue to form a trapping area of  17,500 sq mm at a cost 

of ~$0.05 (Australian). CD cases are available from office or music suppliers at about 

$0.35 each. Note that most of the CD cases currently produced are the “slimline” 

variety, in which the mounting crown and the back panel are a single piece. These are 

not well suited for sticky traps, as there is very little space in the enclosed box.  

A soldering iron was used to melt a hole through the centre of the trap (Figure 

7.4), and a nail ($0.01) or cord (variable price) was used to mount to the tree trunk or 

branches. Construction of each trap took about 3 minutes. 

 

      

Figure 7.3 (left): Components for CD sticky traps: Capture glue, CD case with coated half surface 

protected by uncoated half, mounting crowns to discard or reuse.  

Figure 7.4 (right): R. Junker melting anchor hole through CD cases with soldering iron 

 

Trap Setting : The coated cases were carried into the tree crown, and handled 

by first labelling the outside of the sticky half, opening the lid and nailing the trap to 

the desired location. Trap labelling was done in situ to avoid complications if traps 

were dropped. The uncoated half of the case was retained to use during retrieval, in 

order to protect the fragile animals and to isolate the sticky surface. Placement of each 

trap took about 1 minute. 
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Traps could be placed in any accessible position. (Figure 7.5) Traps in foliage 

can be tied into position with string, and could also be placed in hollows or any other 

feature of interest, facing in any direction.  

The collection results presented are from one upper and one lower trap 

mounted directly on the tree trunk for 60 days (Figure 7.6). Traps were also placed 

and collected on two live branches, two dead branches, and in foliage, but were not 

analysed due to time constraints. Almost a quarter (60 of 256) of the exposed traps 

failed, probably due to strong winds. 

   

Figure 7.5 (left): CD sticky trap on dead branch in old tree 4  

Figure 7.6 (right): CD sticky traps on trunk in 100yr  tree 7 . A funnel crawl trap is partially visible. 

 

Retrieval and processing : Traps were retrieved by bringing the retained CD 

lids up into the sampled tree, removing the exposed trap from its retaining nail, and 

recombining the case sections. Labels were checked while at the trap location. Once 

in the laboratory, animals were removed by soaking the entire trap in a kerosene bath 

for two hours then rinsing the animals off with water from a squeeze bottle.  

Care must be taken not to let the traps soak for too long. When allowed to 

soak for 24 hours in mineral turpentine or citrus-based solvent, the plastic case 

chemically decomposed and irretrievably entombed the animals. It is possible that 

these solvents would work well if soaking time was less. Citrus oil-based solvents are 

generally superior to turpentine or kerosene, especially for removing specific 

individual animals. 
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Intact animals were hand sorted from the material. A large proportion of 

collected material was arthropod fragments, leading to underestimates of the true 

collection totals. Wings were often damaged. Specimens were generally in much 

worse condition than those in the liquid collection chambers of the other traps. 

 

 

 

7.1.2 Funnel Crawl traps 

Goals: Funnel crawl traps target animals walking on the tree surface and are 

based on the designs of Majer et al. (2003) and  Hanula & New (1996). Trunk 

mounted funnels have primarily been used for capturing animals walking upwards by 

Majer et al. (2003), but can also be used to capture animals moving downwards 

(Moeed & Meads, 1983). A similar trap design is sometimes referred to as a “photo-

eclector” (Nicolai, 1993). The design described here can also be used for animals 

walking horizontally on branches.  Hanula & New (1996) found that drift fences 

leading into the funnels increased trap yield. Majer et al. (2003) used a portable angle 

grinder to create a mounting groove for a plastic fence. A technique was required for 

mounting a drift fence that could be anchored to the irregular stringy bark of E. 

obliqua, with a minimum of equipment carried into the tree crown. 

Construction: Funnel traps were constructed from the bottlenecks cut from 

plastic drink bottles and configured to lead into intact collection bottles. A visit to a 

recycling centre netted 600 1.5 litre plastic (HDPE) drink bottles and caps at no 

monetary cost (Figures 7.7, 7.8). These bottles were rinsed in soapy water (~30 

seconds per bottle) prior to use.   
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Figures 7.7 (left), 7.8 (right): Paul Osimo and Katy Dika acquiring plastic bottles at Hobart Recycling 

Centre 

 

A funnel for each trap was made by cutting a bottle (~15 seconds)  and pairing 

it with a similar but intact collection bottle. The collection bottles were filled with 

200ml of 50% ethylene glycol /50% water and capped for transport (~$0.20). Several 

10 mm x 10 mm x 1 m strips of closed cell foam (such as used for sleeping mats) 

served as drift fences (~$0.20). Several nails were used to mount the trap assembly on 

the tree. (~$0.06) 

For funnel traps leading upwards, an extra bottle was used as a elbow chamber 

before the collection bottle. A motorized drill bit was used to make a 15mm hole in 

the side of this bottle. 

To join the funnels to the collecting bottles, gaffers duct tape was used in the 

field (~$0.20). The care invested in creating this join strongly determined whether the 

collecting bottle would stay in place. If possible, a plastic female-female screw socket 

could be constructed to create a more robust binding, and is strongly recommended.  

About ten minutes were required to construct each trap.  

Trap setting: In the tree, the bottleneck funnel was nailed to the trunk or 

branch in the desired place and direction (Figure 7.9). A foam fence was then nailed 

into position with two strips leading into the funnel. When traps targeting insect 

movement in opposite directions were adjacent, a foam strip could serve as a fence for 

both. Labelling and bottleneck joining were performed in the tree. Joining the necks 

during initial construction would create a stronger trap, but not allow the collecting 

bottles to be transported while capped.  Inferior bottle joining was the major source of 

trap failure. 
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For upwards traps, the elbow bottle was fitted securely onto the funnel 

bottleneck and the collecting bottle joined to it (Figure 7.10, 7.11). Downwards traps 

were vulnerable to dilution and obstruction falling debris. Basset et al. (1997) suggest 

salt water as a collecting fluid relatively resistant to dilution. 

Installation required about 10 minutes per trap. Funnels can be placed on any 

surface of the tree and could be combined with mesh to create an emergence trap 

((Grove & Bashford, 2003). 

Data are from funnel traps set for 60 days targeting upward walking animals 

on the upper and lower trunk, and from horizontal traps targeting animals walking 

inwards on 4 branches coded as: upper crown live, lower live, upper dead, and lower 

dead. Traps were also placed and collected targeting outwards and downward walking 

animals, but were not analysed due to time constraints.  More than a quarter (28 of 96) 

of the placed funnel traps failed, overwhelmingly due to failure of the duct tape bottle 

join. 

 

     

Figure 7.9 (left): R. Junker placing live branch funnel traps on a megabranch in old tree 12. 

Figure 7.10 (centre): Upper trunk funnel traps in 100yr tree 7. Drift fences target upwards and 

downwards travelling animals. Trap loss for downwards traps was high due to extra stress on 

adhesive tape join from rainwater collection. Only upwards traps were processed.  

Figure 7.11 (right): A Hemipteran bug, Pentatomidae YDB sp.3, after entering the elbow bottle. These 

were the most commonly observed animals on the trunks of E. obliqua during field work 

 

Retrieval and processing: Traps were retrieved by climbing to the trap 

location with the retained bottle caps, cutting through the duct tape to remove the trap, 

and recapping the bottle. Traps were relabelled in the field to safeguard against 

confusion.  
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Collecting bottles served as transport and storage devices until processing. 

Animals were generally in excellent condition and required very little sorting from 

debris.  

 

7.1.3 Hangtraps 

Goals: Omni-directional trap designs were based on the hanging traps 

illustrated by Wilkening et al. (1981) and the Malaise traps used by Basset (1991). 

Martikainen et al. (2000) used a similar design to sample flying beetles. Unlike sticky 

traps, or flight-intercept panels mounted parallel to the trunk surface (Majer et al., 

2003), which are designed to capture animals landing on tree surfaces, these traps 

sample animals moving through the airspace within the crown. Unlike the flight 

intercept traps used by Chenier & Philogene (1989) the panels were not coated with 

sticky paint, and unlike the traps used by Yee et al. (2001), there was no open pan of 

collecting fluid.  

Construction: The funnel and collecting components are similar to those 

described above for the funnel crawl traps, with 2 litre bottle funnels used for upwards 

and downwards bottlenecks (Figure 7.12). Bottle joins were of superior quality to the 

funnel traps due to easier working conditions on the ground. An omnidirectional panel 

assembly was used as the intercept surface (~$0.50) This was constructed by using 

plastic electrician’s ratcheting cable-ties to connect three plastic panels approx. 200 

mm x 60 mm x 4 mm together in a triple- cross section shape through holes drilled in 

them (Figure 7.14). Alternatively, two panels twice the size could be slotted together 

in four-cross section. These were subsequently cable-tied to the funnels through holes 

melted or drilled in the bottlenecks. The panels could be constructed of any rigid 

transparent material. A total of 8 cable-ties were used for each trap (~$0.05), but 

could be replaced by wire or constrictor knots in cord (Budworth, 1999).   

The plastic panels used were recycled from the flight intercept traps used by 

Yee et al. (2001), and required about 5 minutes of cutting to size. When all material 

were gathered, construction time was 15 minutes for each trap. 

Trap setting: A cord was set in the uppermost branches of the tree crown by a 

climber and the traps were connected from the ground (Figure 7.13). The two legs of 
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the cord were tied together to form a closed loop and traps raised and lowered by 

pulling on the other side of the cord. Three traps were placed on each line using a 

clove hitch (Budworth, 1999) around the bottleneck. The uppermost trap was installed 

on the line first. Care must be taken when raising traps past understorey trees. Once 

the line was in place, trap installation required about 30 minutes for 3 traps. 

Trap placement is limited only by the ability to place cordage and haul traps 

up through the forest canopy. Winchester (2004) placed hanging traps on strings 

across canopy gaps, and Basset (1991) placed them within each tree 

Three traps were hung in the tree crown for 60 days. Traps were spaced 

equidistantly on the cord with the uppermost trap ~1m below the highest accessible 

branch, and the lowermost at the bottom of the tree crown. Each trap had two 

collecting bottles. Only 5% of trap bottles failed (5 of 96), mostly upon retrieval when 

the upper elbow chamber bottle caught on understorey foliage.  

Retrieval and processing: Retrieval of the traps was performed from the 

ground by lowering them on the cord. The bottle join was removed and bottlecaps 

replaced and relabelled. 

Animals were in excellent condition and free from debris.  

       

Figure 7.12 (left): Paul Osimo melting panel attachment holes in bottlenecks using soldering iron. 

Figure 7.13 (centre): Upper and lower chambers of a omni directional flight intercept hangtrap 

Figure 7.14 (right): R. Junker assembling tri-panel intercept trap with plastic electricians cable-ties 

7.1.4 Comparison charts 

 A diagram of trap construction and materials is presented in Figure 7.15 and a 

table comparing construction and placement of each design is presented in Table 7.1. 
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Figure 7.15: Trap construction diagrams 
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Sticky CD Case Funnel Crawl Hanging Omidirectional 
Flight Intercepts

Target Fliers in tree airspace, 
jumpers

Bark walkers, hoppers, skimmers, 
close fliers Fliers in tree airspace

Ranking of 5 
most abundant 

taxa (First is 
most abundant)

Diptera, Hymenoptera, 
Coleoptera, Hemiptera, 
Isoptera

Diptera, Hemiptera, Coleoptera, 
Hymenoptera, Blattodea

Diptera, Coleoptera, 
Lepidoptera, Hymenoptera, 
Araneae

Potential 
confounds

Wind blowing in aerial 
plankton, Bark debris

Funnel not fixed closely enough to 
trap surface- animals walk right 
under, down traps are vulnerable 
to rainfall and debris

Trap hanging in canopy of 
neighbouring plants

Specimen 
conditions Medium, wings often lost Fine Fine

Portability into 
field

Compact,  can use 
commercial music CD carriers

Bulky, but light. Most difficult 
component is pre-filled collecting 
bottle

Bulky, but light. Most difficult 
component is pre-filled 
collecting bottle

Total Time Effort 
(minutes:second

s per trap)
7:25 15:30 15:00

Construction 
Time Effort

From intact CD case:  
Removing crown and painting 
glue ~20;  Melting anchor hole 
~5 seconds

Washing and cutting funnels; 
Washing and filling collecting 
bottles; Cutting of foam drift 
fences (optional); ~ 30 seconds

Cutting and combining of 
intercept panels,  Washing 
and cutting funnels and elbow 
chambers, Washing and filling 
collecting bottles, Attachment 
of two funnels to intercept trap 
~ 7 minutes

Placement Time 
Effort

Once at branch, nailing into 
branch or trunk ~2 minutes

Once at branch, nailing drift fence   
~ 5 minutes; nail funnels and join 
bottles ~5 minutes

Once line is in place,~3 
minutes to clove hitch to cord

Trap Processing 
Time Effort

Trap dissolving and specimen 
washing, ~ 20 minutes;  
Sorting animals from debris, ~ 
5 minutes

Sorting animals from debris, ~ 5 
minutes

Sorting animals from debris,     
~ 5 minutes

Label 
considerations

Can label plastic directly with 
permanent marker or scratch, 
at risk of being lost in glue 
solvent

Can place final label in collecting 
bottle. Best done after placement 
to avoid difficulty if a trap is 
dropped. 

Can place final label in 
collecting bottle. Best done 
after placement to avoid 
difficulty if a trap is dropped. 

Tool required

Access to treetop, carrying 
bag, hammer with nail pouch, 
marker or nailscratch to label 
trap. Must retain lid.

Access to treetop, carrying bag, 
hammer with nail pouch, marker or 
pencil and paper to label trap.  
Gaffer's tape for bottlejoins. Knife 
or hands to cut foam to size. Must 
retain bottlecap

Cord rigged in canopy, 
knowledge of clove hitch., 
marker or pencil and paper to 
label trap. Gaffer's tape for 
bottlejoins. Must retain 
bottlecap. 

Total cost per 
trap $0.41 $0.67 $0.95 plus cordage

 

Table 7.1: Comparison of effort for each trap type 

 

 

7.2 Trap processing 

In April 2004, all traps were collected. Adult arthropods were identified to 

Recognizable Taxonomic Units (hereafter “RTU,” similar to morphospecies (Baldi, 

2003; Basset et al., 2000; Oliver & Beattie, 1996; Pik et al., 1999)) and counted. 

Voucher specimens were photographed, assigned to family, and archived (Figure 
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7.16, 7.17).  Araneae, Acarina, Hymenoptera-Formicidae, and larvae were counted 

but not sorted.   

Coleoptera were pinned and identified to named species at the Tasmanian 

Forest Insect Collection (“TFIC”, Forestry Tasmania, Hobart, Australia). The species 

binomial of a RTU matched to a holotype in the TFIC contains the code “TFIC.” 

 RTU matched to Coleoptera in the Warra LTER collections of Kate Harrison 

or Marie Yee (Harrison et al., 2004; Yee et al., 2001) contain the code “KH” or 

“YEE.” All other RTU contain the prefix “YDB” to indicate their collection in the 

present study. 

Araneae will be sent to E. Turner at the Queen Victoria Museum (Launceston, 

Australia) and Diptera to D. Bickel at the Australian Museum (Sydney, Australia). All 

other voucher specimens, photo catalogues, and computer CD archives of raw and 

processed data, will be lodged at the TFIC. 

  

(left)Figure 7.16: A. Barrows using digital voucher photograph collection for arthropod sorting 

(right) Figure 7.17: Collection from upper trunk funnel crawl trap of 100yr tree 2 

 

 

7.3 Data Analysis 

All statistical tests and analyses were directed at comparing 100yr and old 

trees. Data analysis of the fauna collection from several types of traps was facilitated 

by identification of four approaches to studying seven aspects of biodiversity.   
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Four distinct approaches to analysis were used: 

1. Age level 

2. Tree level 

3. Trap level 

4. Placement level 

 

The collected fauna of 100yr and old trees was compared for differences in 

seven aspects of biodiversity: 

1. Animal abundance 

2. Species richness 

3. Community structure (plot of rank and abundance) 

4. Resampled species accumulation curves and estimated true richness  

5. Species diversity (evenness) 

6. Community composition distinctness 

7. Incidence/abundance trends for each RTU 

When reference is made to “all traps,” this means the pooling of all three trap 

types. When reference is made to  “all traps+3,” this means analysis was done four 

times in total: first on all traps types pooled, then on each trap type separately.  

In several instances, only the five most prominent arthropod orders were 

investigated: Coleoptera, Diptera, Hemiptera, Hymenoptera, and Lepidoptera. For 

these five taxa, the traps collected more than 20 RTU, and were deemed sufficiently 

abundant for statistical analysis. Other taxa were either not resolved to a sufficient 

taxonomic level, or were considered too scarce for analysis. When reference is made 

to “all taxa,” this includes these five and all other RTU encountered. When reference 

is made to “all taxa +5,” this refers to the repetition of the analysis six times: first for 

all collected RTU, and then separately for each of the five orders. “All taxa” does not 

mean that each RTU was tested separately and that they were all in agreement, but 

rather that these were all pooled together.  

Tabulation and graphical representations were generated by Microsoft Excel 

(Microsoft, 2000). Univariate and bivariate analyses were performed using both JMP 

and Microsoft Excel (Microsoft, 2000; SAS Institute, 2003) . Multivariate analyses 

utilized PC-ORD software (McCune, 1999). Species accumulation curves and 
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associated estimators were generated with EstimateS (Colwell, 2004).  Analysis 

followed the advice of Clarke and Warwick (2001), McCune and Grace (2002), and 

Magurran (2004). 

7.4 Analysis Approaches 

 

Approach 1- Age level : At an age level, the fauna from all trees from each 

age class were pooled, with no reference to what tree they were collected in. There are 

only two entities contributing: the 100yr and the old age classes.  This approach is 

only used for illustration and summarization. Statistical analysis is not possible 

because there is no replication at this level. The age level is the lumping of the tree 

level statistics. 

Approach 2- Tree level : At a tree level, the independent sampling entity is 

considered to be a single tree. The entire collections from each of eight 100yr trees are 

compared to that of eight old trees. An assumption is made that the loss of traps was 

random and unbiased across the two age classes. When a trap type in a specific tree 

had one or no surviving traps, the entire tree was excluded from the analysis. This 

occurred with CD traps of trees 7 (100yr) and 16 (old), and with funnel traps of trees 

5 (100yr) and 6 (old).   In theory, sixteen entities contributed: eight in each age.  

The consideration of a tree as the sampling unit can be seen in the equivalent 

treatment of fauna collected from trees of differing sizes (Grove et al., 2002; Majer et 

al., 2000), as opposed to the standardization by volume or mass encountered in 

techniques such as branch clipping (Abbott et al., 2000).   

The tree level is the lumping of the trap level statistics. 

Approach  3- Trap level : At a trap level, each trap is considered as a 

sampling unit and the pool of traps is divided into traps from 100yr trees, and traps 

from old trees. The pools are of similar sizes, supporting the previous assumption that 

trap loss was random across age classes. 93 traps from 100yr trees and 91 traps from 

old trees contributed to the trap pool, for a total of 184.  

Because the individual tree is the subject of consideration, this is a pseudo-

replicated approach. The lumping of trap results from different situations (upper with 

lower, or funnel with CD) is a detrimental consequence of this approach.  
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Trap level analysis was only used for multi-variate community analyses in 

which the tree may not be the fundamental unit of distinction between faunas. In these 

analyses, both age and individual tree identifier were treated as distinct factors.  

Further pseudo-replication exists in trap-level statistics in the treatment of the 

upper and lower chambers of hangtraps as separate entities. The trap level is the 

lumping of the placement level statistics. 

Approach 4- Placement level: At a placement level, pseudoreplication and 

lumping of trap results is avoided by only comparing traps of the same type and 

position. The effect of missing traps is minimized by calculating values based on 

means. This approach is the most statistically robust and requires the least 

assumptions, but offers the least immediately interpretable results. Different trap 

positions may exhibit conflicting trends. At a placement level, sixteen trees 

theoretically contributed, and this was repeated fourteen times to address each 

placement. Tabulation of statistics at a placement level also allows comparison of 

different positions within the tree, with a robust replicated design.  

 

7.5 Biodiversity aspects 

Aspect 1- Abundance: Abundance is the number of animal individuals 

present. Abundance is a simple measure of how many animals were collected, and is 

of limited applicability when lumping several taxonomic units. This measure is used 

to test Hypothesis 5 (Old-growth E. obliqua trees have a more abundant arthropod 

fauna than 100 year old trees, i.e more individual arthropod animals). Abundance is 

most useful when describing different taxa and their relation to another. This measure 

is the most vulnerable to differences in sampling effort due by missing traps. 

By analogy, this is like counting the number of words in a book, without 

reference to their classifications or whether they had been encountered before. By 

counting the words in two shelves (i.e. age classes) of books, comparisons can be 

made between the shelves. Comparisons can be made between two books (i.e. age 

classes) by counting the words in each. Studying the abundance of one group, for 

example, the insect order Coleoptera, is analogous to studying only one chapter of the 

book. 
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Radar charts are presented at an age level illustrating abundances of taxa with 

>20 individuals for alltraps+3.  Radar charts assign each taxon an axis that radiates 

outwards from a centre point. The distance from the centre to a mark is proportional 

to the value. Along each axis, a mark is made for each age class. Lines connecting the 

marks for each age class assist in highlighting differences in abundances of different 

taxa. Because the ordering of the axes, and therefore the points on the polygon are 

arbitrary (alphabetical), the shape is for visual emphasis only.  Natural logarithmic 

Ln() transformations on the abundance data were used to preserve relationships but 

shrink the effect of outliers.  

At a tree level, the mean total abundances per tree for alltraps +3 was 

tabulated for each age and compared with a nonparametric Kruskal-Wallis test 

(hereafter “K-W test”). This compares the two ages using their ranks, and produces 

output similar to a T-test (SAS Institute, 2003). T-tests were rejected because 

abundance data was not normally distributed.    

At a placement level, the mean and total abundance of all taxa per trap 

placement is tabulated and compared with by K-W tests. A second table presents 

similar information subdivided into different taxonomic units. 

Aspect 2- Richness: Species richness (hereafter “RTU count”, or “richness”), 

is measured in surrogate by the number of recognizable taxonomic units present in a 

given situation. This measure is used to test the Hypothesis 6 (Old-growth E. obliqua 

trees have a richer arthropod fauna than 100 year old trees, i.e. more recognizable 

types of arthropods.) Oliver & Beattie (1996) test the use of RTU by non-expert 

taxonomists in determining true species richness and conclude that the two errors of 

splitting and lumping taxa do not significantly alter the end results. Richness is the 

aspect of communities most often equated with diversity in a system (Magurran, 

2004). Gaston & Spicer (1998) explore the use of richness as the most readily 

applicable measure of biodiversity.  

Returning to the analogy of a book, species richness of a given community 

would be the number of different words encountered in the entire book, counting each 

distinct word only once. The richness of an order would be the number of different 

words in a chapter, and the richness of a family would be analogous to the number of 

different words in a chapter section. 
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Richness was compared in a similar fashion to abundance, but only using the 

five most prominent orders. Radar charts were generated at an age level, and mean 

abundances are tabulated at a tree level and placement level. 

Aspect 3- Community structure: Community structure examines the rarity 

and dominance associated with a group of organisms. Graphical representations are 

generated relating abundance of an RTU to its relative abundance rank, thereby 

incorporating a measure of evenness (Magurran, 2004). The taxonomic identity of an 

RTU is ignored. A community with an even distribution of abundances for all taxa 

would be considered more diverse than a community with several very common and 

several rare species. This was used to test hypothesis 7 (Old-growth E. obliqua trees 

have a more diverse arthropod fauna than 100 year old trees). 

By analogy, a human society in which several ethnic groups have an equal 

voice is considered diverse and desirable. Cultures with many groups present in which 

one group has a voice that dominates all others are considered less diverse. Cultures 

in which everyone has an equal voice, but where few ethnicities are present, are also 

considered less diverse. 

A Whittaker rank abundance plot was generated with 100yr and old curves 

plotted together (age level) for all traps +3. Each RTU was ranked from most 

abundant to least abundance on the X-axis, and relative abundance was plotted on a 

log-scaleY-axis. The shape of the resulting curves were visually assessed to assign to 

a community structure model as guided by Magurran (2004). A steeper curve was 

interpreted as representing a less even community, in which the most abundant RTUs 

are more abundant and dominant than other taxa. 

Aspect 4- Diversity: Diversity indices are quantifications incorporating 

richness and evenness, used for comparison between communities. A highly diverse 

community has a higher richness and is more even than a less diverse one. Magurran 

(2004) suggests the use of the negative ln() transformations of Simpson’s “D” 

Diversity Index (Simpson, 1949). After this transformation, a higher value indicates a 

more diverse community. This was used to test hypothesis 7 (Old-growth E. obliqua 

trees have a more diverse arthropod fauna than 100 year old trees). 

Simpsons D is calculated using the formula:  

 



7) Canopy Arthropods - Methods 

D=Σ(( ni(ni-1)) ÷ (N(N-1))) 

Where ni is the number of individuals in the ith RTU, and N= the total number 

of individuals (Magurran, 2004; Simpson, 1949) 

-ln(D) was analysed in a similar fashion to abundance and richness. Age level 

radar charts were graphed. Tabulations of tree level and placement level diversity 

comparisons for alltraps +3 and alltaxa+5 were generated. 

Aspect 5- Species accumulation curves & estimators: By computer 

randomization of the sequence in which samples were sorted, a species (i.e. RTU) 

accumulation curve can be plotted showing the cumulative number of species 

encountered (Y axis) as sampling effort increases (X axis) (Colwell, 2004; Gotelli & 

Colwell, 2001; Longino, 1994). As the rate in which new species are encountered 

decreases, one can surmise that one is getting closer to having encountered most of 

the species present. Because resources are limited, biodiversity researchers can rarely 

“get them all” and must “sample and estimate” the true richness (Longino, 1994). The 

true richness can be interpreted as the asymptote hinted at by the curve. 

Species accumulation curves for old and 100yr trees were plotted together and 

the shape and behaviour of these curves compared. For this analysis, “species” means 

“RTU.” This was used to test 6 Hypothesis 6 (Old-growth E. obliqua trees have a 

richer arthropod fauna than 100 year old trees) and Hypothesis 7 (Old-growth E. 

obliqua trees have a more diverse arthropod fauna than 100 year old trees). 

A useful analogy can be drawn with the determination of how many 

restaurants (i.e. species) are in a region. By questioning of guests (i.e. samples) at a 

party as to what restaurants they have dined at in the last week, an estimate can be 

formed. As one enters the room, no questions have been asked, and one has not heard 

of any restaurants. Sampling effort is zero, and restaurants accumulated are zero. The 

first guest approached has been to a group of restaurants, and the next guest has been 

to a different group of restaurants. Only restaurants not yet encountered are added to 

the list as more guests are approached. At a certain sampling effort, by which time the 

list has grown to a certain length, it will seem guests have fewer or no new restaurants 

for the list. This decline in rate is the asymptote, and the list can be considered to be 

approach completeness.   
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At parties with people who dine out often (traps collect a wide range of 

animals), this point is reached more quickly than at parties with people who most 

often eat at home (less effective traps), who only go to popular restaurants (less likely 

to add to the list) or who never eat out at all (traps that did not catch any animals).In 

regions without many restaurants (low species richness), the list is shorter than 

regions with many (high richness).  Parties with only vegetarians, recent immigrants,  

or poor students will generate a bias in the list. 

Software such as EstimateS (Colwell, 2004) randomizes the order in which 

samples are encountered (i.e. in which guests are approached) and generates a curve 

representing the average species accumulation. 

In addition to a curve describing the accumulation of observed species, the 

number of animals encountered once (“singletons”) and animals encountered twice 

(“doubletons”) can be utilized to generate a true richness estimator. Following the 

recommendation of Magurran (2004), the Chao 1 true richness estimator was 

calculated. The Chao 1 abundance based richness estimator is introduced by Chao 

(1984) and presented by Magurran (2004) in the form: 

 

Chao 1 True Richness Estimator Schao1 = Sobs + ((F1
2) ÷ (2F2)) 

Where   

Sobs= number of species actually observed in sample 

F1 = number of RTU encountered in a single individual 

F2 = number of RTU encountered by two individuals (Chao, 1984; Magurran, 

2004) 

Using data entered at a tree level, species observed accumulation curves and 

Chao 1 true richness estimator curves were produced using 50 resampling runs in 

EstimateS software (Colwell, 2004). This was repeated for each age class, and each 

trap type.  Both age classes were plotted simultaneously on a scatterplot for all traps 

+3.  Cumulative species encountered or estimated was plotted on the Y-axis, and 

individuals sampled on the X-axis. The steepness and tendency towards asymptote of 

each curve was compared visually. This was performed for alltraps+3.  
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Sampling adequacy was calculated for each combination of age class and all 

traps+3. This was expressed by the percent proportion of the estimated true richness 

actually encountered. 

Sampling adequacy =Sobs ÷ Schao1  x100  

 

Aspect 6- Distinctness: A different approach than measuring biodiversity is to 

compare the taxonomic composition between the age classes. Communities may be 

composed of completely different elements, but summary measures of richness, 

diversity, and community structure may be the same. By analogy, two books may 

have a similar abundance, richness, and diversity of words, but the actual words used 

were different. Several techniques were used to test Hypothesis 8 (Old-growth E. 

obliqua trees have a distinct arthropod fauna from 100 year old trees, i.e. the 

taxonomic composition of animals differs.) 

At an age level, Venn interlocking circles illustrate the overlap in RTU 

between ages for all traps +3. The size of plotted circles was proportional to the RTU 

richness.  

 Multi Response Permutation Procedures (MRPP, (McCune & Grace, 2002)) 

were run on PC-ORD software (McCune, 1999) to test the null hypothesis of no 

difference in community composition between the age classes. This was performed at 

a tree level, a trap level, and a placement level. MRPP tests only for a difference (like 

a 2-tailed t-test) but are not associated with a direction or an indicator species. 

At a tree level, non-metric multidimensional scaling ordinations (NMS, 

sometimes referred to as MDS in other research) were generated using 

Sorenson/Bray-Curtis distance matrices on PC-ORD to display relative community 

similarities (Clarke & Warwick, 2001).. NMS was selected as a non-parametric test 

that has no assumption of normality and is robust to sampling irregularities, following 

the suggestion of McCune & Grace (2002). Abundances were transformed using the 

formula (log x+1) to mitigate the effect of overabundant taxa. A decision was made to 

include uncommon taxa (less than five individuals) in the ordinations. Because of the 

large number of uncommon taxa, removing them from analysis would result in an 
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undesirable loss of information. Study pairs are graphically linked by a vector from 

the 100yr tree to the old tree. This was performed for alltraps+3 for all taxa+5. 

A tree level dendrogram showing a hierarchical clustering (by Ward’s method) 

of trees based on the Pythagorean distance matrix of their fauna was generated 

(Clarke & Warwick, 2001; McCune & Grace, 2002). Again, the data was log-

transformed.This was performed for alltraps+3 for all taxa. 

Aspect 7- Incidence/Abundance of each RTU:  The response of each RTU 

was examined to determine if any taxa showed strong bias of occurrence or 

abundance to one age class. This was used to test Hypothesis 8 (Old-growth E. 

obliqua trees have a distinct arthropod fauna from 100 year old trees, i.e. the 

taxonomic composition of animals differs.) 

This is analogous to performing an analysis on each word encountered in two 

books, to see if a specific word is encountered more often in one book or the other. 

The age level abundance was investigated by counting the RTU that were 

more abundant in one age class.  The tree level presence absence was investigated by 

counting the RTU that were present in more trees of one age class.  The mean 

abundance of the 116 RTU with greater than 5 individuals collected was compared 

with t-tests at a tree level. 

 

 

 

 

7.6 Scaling of results  

Arthropods results were not scaled:  Care must be taken in interpreting 

results. An equivalent number of traps were placed in trees of vastly differing size. 

Consideration is required before interpreting these as comparable, equivalent samples. 

A decision was made not to scale results to a measure of tree size.  

 Scaling up or down can reconcile differences between the scale of the 

investigation and the scale of the sampling (Figure 7.18). The choice to scale up or 

down can change the interpretation of the results. Researchers must consider their 
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object of concern, and the scale of their sample. Two critical questions must be asked:  

1) Which is the unit of interest, a piece of the tree or the whole tree? 2) How much of 

the tree was sampled, a piece or the whole?  

Four combinations of answers exist:  

A) Number per tree is desired, and the entire tree is sampled. No scaling is 

required. (Majer et al., 1994; Tassone & Majer, 1997) 

B) Number per tree is desired and quantifiable pieces are sampled. Scaling up 

produces densities per tree. It addresses the entire tree when the piece is sampled. 

(Hooper, 1995) 

C) Number per unit is desired and the entire tree is sampled. Scaling down 

produces densities per unit of scale. It addresses the piece when the entire tree is 

sampled. (Thunes et al., 2003) 

D) Number per unit is desired, and units are sampled. pieces of the tree are 

sampled. No scaling is required. (Abbott et al., 1992) 

In the present study, the scale of interest is the entire tree (A or B). The 

difficulty lies in judging the scale of sampling when using passive traps. Did the traps 

sample a finite piece of the tree, or did they sample the entire plant (or proportion of 

the plant)? 

For example, Majer et al. (1990) do not scale results from chemical 

knockdown in Eucalyptus trees. They fogged four species of Eucalyptus trees and 

collected the falling animals in funnels suspended in the tree. The funnels were of a 

standard size and were placed to collect below an equalized amount of foliage. It is 

unknown if this represents a sample of an entire plant or just a piece of the plant. 

Similarly, they do not scale their results. Scaling requires a measure of size. Crown 

area, foliage volume, crown volume are all measures of size, and to some extent, they 

may all be inappropriate. 
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Sampling a
quantifiable piece

Sampling the 
entire plant

Numbers 
per tree

Numbers 
per unit 
of scale

A. No scaling

Scale of Sampling

Scale of 
interest C. Scale down

B. Scale up

D. No scaling

 

Figure 7.18: Scaling considerations. The researchers are looking through their  sampling hand lens at 

either the entire tree or a piece of the tree. They are considering either the entire tree or the 

piece of the tree. 

 

Relationship of abundance and richness to scale: Abundance and biomass is 

assumed to be linearly related to the unit of scale (Hooper, 1995).  When scaling, 

biomass or abundance can be arithmetically calculated up or down by multiplication 

or division (Hooper, 1995; Schowalter, 1995).  

Species richness cannot be calculated in this fashion. A basic principle of 

island biogeography is that richness increases non-linearly with increased 2-

dimensional island study area (MacArthur & Wilson, 1967). Species accumulation 

curves can combine several samples in a tree to scale up to the size of an entire tree 

using a measure of sampling effort (Gotelli & Colwell, 2001). Coleman rarefaction 

curves can be used to scale down larger samples (Colwell et al., 2004; Gotelli & 

Colwell, 2001). Species accumulation curves and rarefaction curves can also be used 

to scale species richness by the number of individuals. However, in the present 

context the unit of scale is a physical measurement of size. Both represent used as 

measure survey of effort.  
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Scaling up to address the tree: Studies of foliage arthropods frequently 

present results as densities per kilogram (Abbott et al., 1992; Majer & Recher, 1988; 

Schowalter, 1995; Wotherspoon, 1998). Small pieces of a tree were sampled, with the 

effort measured by number of small pieces.  

When combined with the amount of foliage per tree or per hectare, studies can 

be scaled up. In the absence of foliage measures for each tree or hectare, the reported 

numbers do not relate to the biodiversity of a tree, but instead relate to an amount of 

foliage. Research sampling small pieces of a tree is made much more useful by the 

inclusion of the relative size of each tree, to allow for scaling upwards. 

When not scaled up, it is important to remember that results are for densities 

per unit rather than for densities per tree. Schowalter (1995) compares intensities of 

taxa per kg of foliage, and reports them using phrases such as “more abundant in old-

growth trees than in younger trees.” The use of the word “trees” implies that the 

values presented are at the scale of a “tree”. However, these are actually densities 

linked to a unit of scale within the tree, rather than a density linked to the entire tree. 

What Schowalter (1995) is actually reporting is that these taxa were “more dense” 

rather than “more abundant”. Scaling up was judged inappropriate for the present 

study. It is unclear what the appropriate unit of scale is, and unclear what portion of 

that unit the traps sampled. 

Scaling down to address the piece: When the scale of interest is the piece of 

the tree, samples from different sized trees can be by scaling down abundances 

arithmetically and/or richnesses using rarefaction curves (Gotelli & Colwell, 2001). 

For example, Mody et al. (2003) and Thunes et al. (2003) sampled entire trees using 

canopy fogging, and then scaled down to unit of volume. Rather than use the captured 

numbers as densities by tree, their sample of interest was the densities by piece. They 

scaled down to generate densities per unit of volume. 

However, scaling down does not address the tree as the actual unit of 

consideration. Because trees are counted by the stem, scaling down does not address 

resource management concerns. Scaling down may be appropriate for studies of 

ecophysiology and herbivory, but in the context of the present study it was judged 

unnecessary. The subject of interest is the entire tree. 
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Assumptions in scaling: Two large assumptions are required when scaling. 

Scaling up requires an assumption that the sampled fauna is homogenous throughout 

the entire plant. Scaling down requires an assumption that the compared plants are 

congruent in all aspects save size. There is evidence against both of these 

assumptions. 

Majer et al. (2001) report on high intra-crown variability in fogged 

invertebrates in Eucalyptus trees when compared to inter-crown variability. This 

suggests that fauna is not homogenously distributed through the crown of Eucalyptus 

trees. In the present research, evidence was collected that emphasizes that the smaller 

and larger trees differ in more than just size. 

Hooper (1995) measured the biomass of arthropods on the bark Pinus 

palustris in South Carolina. He compared trees at representing ten year intervals in a 

chronosquence from 20-130 years. Data was collected per unit of bark area. Hooper 

(1995) presents the raw results per m2 simultaneously with scaled results per tree. 

When biomass was scaled up multiplicatively by surface area, total biomass per tree 

was highest in old trees. Before scaling up, results standardized to area showed the 

younger trees to have a higher biomass per m2.  Despite arthropod biomass being 

more sparsely distributed on the surface of larger trees, the greater surface area meant 

higher biomass for the entire tree. The context of his study was to assess the food 

available for the red-cockaded woodpecker Picoides borealis. To the bird, a high 

density of arthropod biomass per unit of surface area in the younger, smaller Pinus 

means less foraging time, The lower density of biomass in the entire tree means less 

food available in the entire tree.   

The most critical decision in scaling down or up is the unit of scale. Foliage is 

easily quantifiable by mass and is assumed to be homogenous throughout a tree when 

scaling up (Fowler, 1985). In studies of other habitats, the unit of scale is not so easily 

defined.  

Choosing a measure of scale: Choosing any measure of scale is based on 

assumptions. For example, Majer et al. (1990) collected arthropods in funnels of 

standard diameter in fogged Eucalyptus crowns. Had they chosen to scale up, it would 

be unclear if these funnels had sampled a quantifiable area of crown spread, or a 

quantifiable volume of crown volume, or a quantifiable mass of foliage. 
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 Thunes et al. (2003) do not find a correlation between tree height and 

chemical knockdown species richness. Before scaling down, they found a 

significantly richer fauna in old, larger volumed Pinus sylvestris than in younger, 

smaller volumed trees. Their decision to scale down by crown volume is not 

supported by this lack of correlation. Other habitats besides foliage within the tree 

may not scale down in step with volume. For example, in the present study, total 

crown polyhedra volume in 100yr E. obliqua was approximately half that of old trees, 

whereas the total live branch polyhedra volume was approximately one quarter. 

Therefore, scaling down requires the assumption that smaller and larger trees 

are compositionally similar in all aspects except size. In Eucalyptus trees, most 

foliage is in the outer crown (Jacobs, 1955). For animals associated with foliage, the 

empty space is irrelevant. 

A further problem with using values per kilogram of foliage is that the 

samples may not have actually been exactly one kilogram of foliage. When 

standardizing these varying masses of foliage by kilogram, a similar assumption is 

made that richness and abundance are both scaling linearly with mass. Few studies 

that present values per kg of foliage actually report the amount of foliage per sample. 

Schowalter (1995) and Clement (2001) report on the length of branches sampled, but 

then present results as arthropod numbers standardized by kg of foliage. It is unclear 

if each sample was greater than a kilogram, or less than a kilogram. When 

standardizing by mass, it is unclear if they multiply their samples and thereby “create” 

animals that never existed, or did they divide them and therefore “split” the animals 

they did collect? A potential solution is to present the size of the sample in the units of 

scale used for standardization (Majer & Recher, 1988), or, preferably, to present the 

size of the sample and leave the results unscaled. 

It is possible that, for a given taxa, the unit of scale is cryptic. For example, 

Andersen & New (1987) studied the arthropods living in Eucalyptus fruits. For these 

animals, the most appropriate unit of scale would be the number of fruits in the tree. 

Using crown volume assumes that fruits were evenly distributed spatially throughout 

the crown, i.e. fruit habitat abundance scales linearly with crown volume. .  

It is possible that cryptic organisms require cryptic habitats not normally 

considered by humans in land management (Bickel & Tasker, 2004), such as 
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mistletoes (Watson, 2004), branch armpit ridging, or even fungal fruiting bodies 

growing in stringybark litter in small elbow hollows on dead epicormic branches on 

the sunny side of the tree. In the absence of a comprehensive knowledge of the 

arthropod communities in old eucalypts (Majer et al., 1997), these examples cannot 

be disregarded. The appropriate unit of scale for a cryptic taxon may be 

unrecognizable to human researchers.  

Other measures of scale: The most common units for scaling are crown 

volume, bark surface area or leaf biomass.  Other units have been used, including 

profile area, leaf area, and height. 

Martin (1966) found abundance densities of arthropods per unit of crown 

profile area to be lowest in older Pinus plantations. Crown profile area was calculated 

by multiplying crown depth by crown diameter. Results were not scaled up, and 

crown sizes were not provided to allow the reader to scale up arithmetically. They do, 

however, comment that the highest abundances per tree were taken in the older 

plantations (25 years), in which trees were largest. The adoption of a crown size unit 

of scale reflects a silvicultural interest in phytophagous pests. The chosen 

measurement of scale is a 2-dimensional simplification of a 3-d space. The choice of a 

vertical area unit is unique in the literature. 

Leaf surface area can be used as a measure of foliage scale instead of mass. 

Fowler (1985) scales down phytophage richness to Betula leaf surface area by using a 

linear approximation of an observed species accumulation curve (before the 

development of computer bootstrapping resampling techniques used in Colwell 

(2004). Scaling down was not performed from samples of an entire plant, but from the 

larger branches clipped in the larger plants. Fowler (1985) performs this scaling down 

in the context of comparing the architecture of seedlings, saplings, and trees, and 

discusses the greater variety of habitats in the larger, more complex trees. The 

assumption that sampled leaves on branch trips were equivalent to leaves elsewhere in 

the tree is stated. Examination of the species accumulation by cumulative leaf area 

plots presented by Fowler (1985, Figure 1) shows a steeper accumulation of 

phytophagous insects on trees than seedlings. This suggests a different, richer 

community structure on the larger, older trees. However, when scaled down, this 

differences is negated.  
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Tree height offers a one-dimensional unit of scale. Richardson et al. (1999)  

collected arthropods using chemical knockdown in Melaleuca and found an 

correlation between tree height and species richness. They did not, however, find a 

similar correlation for crown volume and species richness or abundance. This 

suggests crown volume is not an appropriate unit of scale. 

Scaling up or down were both rejected: Scaling up or down was not used in 

the present research. Doubt remains as to the appropriate measure of scale, and as to 

whether traps sampled a fixed portion of that unit. 

In data analysis, the assumption that traps sample a fixed volume (B in Figure 

7.18) was judged to be less stable than the assumption that traps sample a fixed 

proportion of the tree crown (A in Figure 7.18), and was therefore rejected. The 

reality is certainly somewhere between these two assumptions.  

The important failings of the “fixed volume” assumption (situation B) are 

twofold: choosing a unit of scale is problematic, and measuring how much of that unit 

was sampled is questionable. For phytophage studies, foliage is easily quantified and 

is a discrete, repeating resource, whereas the units sampled by the traps the present 

study are not so clearly defined. 

In the current context, evidence from the current research shows that 100yr 

and old E. obliqua differ in more than just size. Old trees are not merely scaled up 

version of 100yr trees. Consequently, the catch from old trees was not scaled up in 

proportion using any calculated measure of size.  

The values presented represent relative measures per trap. Results should be 

interpreted as relative levels standardized by trap numbers, rather than as abundance 

per tree or abundance per unit of size, volume, or foliage.  
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8) Canopy Arthropods –Results 

The results from the traps for each aspect of biodiversity are presented. For 

abundance, richness, and diversity, differences were detected more often at a 

placement level than at a tree level. Abundance was even between age classes for CD 

sticky and hangtraps but more higher in 100yr trees for the funnel traps. Richness was 

higher in the old traps for the CD sticky and hangtraps, but lower in the funnels. 

Diversity was higher in the old trees for most taxa. Community structure 

rank/abundance plots showed a more dominated community in the 100yr trees. Chao 

1 estimators showed a higher species richness in the old trees for the CD sticky traps, 

about equal in the hangtraps and higher in the 100yr trees for the funnels. Distinction 

in fauna were detected at a trap level. NMS ordinations showed several strong age 

class distinctions that were often masked by environmental effects. 

8.1 Trap survival 

The survival of traps varied between trap types. CD sticky traps and funnel 

traps failed more often than the hangtraps. All lost hangtraps were upper chambers 

that entangled during raising or lowering along the cord. 

 In total, 93 traps were collected from 100yr trees, and 91 from old trees 

(Table 8.1). In each of 100yr tree 5 and old tree 6, only one funnel trap survived. In 

100yr tree 7 and old tree 16, no CD sticky traps survived. These trees were 

subsequently removed from tree level analysis for that trap type.  

A chi-squared analysis of variance was performed to test the assumption that 

trap loss was randomly distributed. No significant difference from the expected values 

was detected (14 placement rows x 2 age columns; χ2
13 d.f.  =1.779, p=<0.9999). 
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Trap survival by placement and trap
1 = trap processed Pair: A B C D E F G H 100yr A B C D E F G H Old

Tree: 1 2 5 7 9 11 13 15 Total 3 4 6 8 10 12 14 16 Total
CDSticky

Upper crown Trunk CD 1 1 1 - 1 - 1 1 6 1 1 1 - 1 1 1 - 6
Lower crown Trunk CD 1 1 1 - 1 1 1 - 6 1 1 1 1 1 1 1 - 7

12 13
Funnel:

Upper crown Live Funnel 1 - - 1 1 1 1 1 6 1 1 - 1 1 1 1 - 6
Upper crown Dead Funnel 1 1 - - 1 1 - 1 5 - - - - 1 1 1 1 4
Upper crown Trunk Funnel 1 1 - 1 1 1 1 1 7 1 1 - 1 1 1 1 1 7
Lower crown Live Funnel 1 1 - - - 1 1 1 5 1 1 1 1 1 1 1 1 8
Lower crown Dead Funnel 1 1 1 - - 1 1 1 6 1 1 - - 1 - 1 1 5
Lower crown Trunk Funnel - 1 - 1 1 1 - 1 5 - 1 - 1 - - 1 1 4

34 34
HangTrap:

Upper crown Up bottle Hangtrap 1 1 1 1 1 1 1 1 8 - 1 1 1 1 - 1 1 6
Upper crown Low bottle Hangtrap 1 1 1 1 1 1 1 1 8 1 1 1 1 1 1 1 1 8
Mid crown Up bottle Hangtrap - 1 1 1 1 1 1 1 7 1 1 1 1 1 1 - 1 7
Mid crown Low bottle Hangtrap 1 1 1 1 1 1 1 1 8 1 1 1 1 1 1 1 1 8
Lower crown Up bottle Hangtrap 1 1 1 1 1 1 1 1 8 - 1 1 1 1 1 1 1 7
Lower crown Low bottle Hangtrap 1 1 1 1 1 1 1 1 8 1 1 1 1 1 1 1 1 8

47 44
100yr Grand Total 93 Old  Grand Total 91

TotalTotal

Total Total

100yr Old

Total Total

 

Table 8.1: The survival of traps in different placements compared across trees and age classes; only trap 

positions actually studied are listed. “1”= processed;  “-“ = lost trap. 

8.2 Total collection overview 

6490 arthropods were collected and classified into 312 RTU (Table 8.2). Four 

of the 312 RTU were larval hexapods. The hangtraps caught the most animals (2628), 

followed by the funnels (2724). The sticky trapping caught the least animals (1240). 

Overall, the collection was dominated by Diptera, comprising almost half of 

all collected animals (47%) (Table 8.3). Diptera, Coleoptera, Hymenoptera, 

Hemiptera, and Lepidoptera combined were 85% of the entire collection. Funnels and 

hangtraps caught a wider range of animals than the sticky traps. 

 

100yr Old 100yr Old
CD Sticky 637 589 67 81
Funnel 1564 1115 137 110
Hangtrap 1210 1227 155 170

RichnessAbundance

 

Table 8.2: Comparison of abundance, richness compared between ages and trap types 

 

8.3 Trap type comparison 

For comparison, the ordinal level results from the canopy fogging of five E. 

obliqua at Warra are presented (Bashford et al., 2001; Grove et al., 2002). The fogged 
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trees were less than 10 km from the sixteen study trees. The total abundance of 

collection from the fogging, funnels, and hangtraps was coincidentally similar (Tables 

8.2, 8.3). The total CD sticky collection had about half as many individuals as these 

other techniques. Proportionally, fogging caught proportionally more Coleoptera and 

substantially less Diptera. Collembola, Thysanura, Thysanoptera and Dermaptera 

were present in the fogging but rare in the traps. Lepidoptera were much more 

common in the traps. Plecoptera and Orthoptera were found mostly in funnel traps but 

absent in the other techniques except for a few specimens in the fogging.  

 

Abundance (#), Percent of Trap Total Catch (%) and Mean Number collected per trap (mju)

 Project Total Sticky Funnel HangTrap Fogging
 Identified Taxa # % # % µ # % µ # % µ # %

Acarina 100 1.54 5 0.40 0.20 78 2.86 1.10 17 0.67 0.35 71 2.91
Araneae 321 4.95 5 0.40 0.20 180 6.61 2.54 136 5.38 2.83 54 2.21
Blattodea 225 3.47 1 0.08 0.04 198 7.27 2.79 26 1.03 0.54 43 1.76

Coleoptera 792 12.20 116 9.35 4.64 376 13.80 5.30 300 11.88 6.25 1070 43.78
Collembola 15 0.23 0 - - 9 0.33 0.13 6 0.24 0.13 159 6.51
Dermaptera 3 0.05 0 - - 3 0.11 0.04 0 - - 18 0.74

Diptera 3071 47.32 831 67.02 33.24 792 29.07 11.15 1448 57.32 30.17 185 7.57
Hemiptera 645 9.94 53 4.27 2.12 465 17.07 6.55 127 5.03 2.65 523 21.40

Hymenoptera 655 10.09 185 14.92 7.40 331 12.15 4.66 139 5.50 2.90 251 10.27
Isoptera 48 0.74 22 1.77 0.88 13 0.48 0.18 13 0.51 0.27 1 0.04

Lepidoptera 388 5.98 7 0.56 0.28 166 6.09 2.34 215 8.51 4.48 34 1.39
Neuroptera 2 0.03 0 - - 1 0.04 0.01 1 0.04 0.02 3 0.12
Orthoptera 17 0.26 0 - - 17 0.62 0.24 0 - - 1 0.04
Plecoptera 48 0.74 0 - - 48 1.76 0.68 0 - - 2 0.08

Pseudoscorpionidae 2 0.03 0 - - 2 0.07 0.03 0 - - 4 0.16
Psocoptera 7 0.11 1 0.08 0.04 0 - - 6 0.24 0.13 0 -

Thysanoptera 0 - 0 - - 0 - - 0 - - 8 0.33
Thysanura 0 - 0 - - 0 - - 0 - - 17 0.70
Trichoptera 3 0.05 0 - - 0 - - 3 0.12 0.06 0 -

Total 6490 animals 1240 animals 2724 animals 2526 animals 2444 animals
(Excludes fogging) from from from from

25 traps 71 traps 48 traps
16 trees 16 trees 16 trees 5 trees  

Table 8.3: Summary of total arthropod catch by trap type, with Warra canopy fogging data presented for 

comparison (Grove et al., 2002) 

 

The five most abundant taxa were also the five most RTU-rich taxa (Figure 

8.1). Overall, the hangtrap collection was the richest (226), followed by the funnels 

(162) and the CD sticky traps (102). 
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Figure 8.1: Richness of each order by trap type. From left to right: Coleoptera, Diptera, Hymenoptera, 

Hemiptera, Lepidoptera, Blattodae, Psocoptera, Isoptera, Plecoptera, Trichoptera, 

Collembola, Dermaptera, Neuroptera, Orthoptera, Pseudoscorpionidae, Acarina, Araneae.   

The overlap between trap types is illustrated in Figure 8.2. Hangtraps had the 

most RTU that were not found in any other trap type. Funnel traps and hangtraps had 

the most RTU in common, and the CD sticky and funnel traps had the least in 

common. Because the CD sticky traps were always placed immediately next to a 

funnel trap, this indicates that these trap types sampled different communities of 

arthropods.  
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Hangtraps

23 51

100

52
21 53

6

306 total RTU

 

Figure 8.2: RTU overlap between trap types. 
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8.4 Abundance results 

The total collection of arthropods in hangtraps and CD sticky was similar 

between ages (Figure 8.3). The total collection in funnel traps was insignificantly 

higher from the 100yr trees than the old trees (KW test, p>0.05,  d.f.= 16). 
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Figure 8.3: Total abundances for each trap type compared by age. Mean total abundances per tree  

were not significantly significant between ages. 

 

Overall, taxonomic abundances viewed at an ordinal level were similar 

between ages (Figure 8.4). Acarina, Coleoptera, and Lepidoptera were more abundant 

in 100yr trees, and Araneae, Blattodea, Hymenoptera: Formicidae, and Isoptera were 

more abundant in old trees. The actual shape of the radar plot line links is arbitrarily 

based on the alphabetical ordering of the axes. Therefore, the lines linking points are 

only useful in visualizing the position of a given point.   
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Figure 8.4: Radar chart comparing abundances at an age level of taxa with >20 individuals, for all trap 

types 

In the CD sticky trap collections (Figure 8.5), Acarina were more abundant in 

100yr trees. Blattodea and Formicidae were absent in the 100yr tree collections, but 

were common in the old trees. The lines moving inward along the axes are irrelevant. 

They are caused by the absence of Blattodea and Formicidae in the CD sticky traps. 

In the funnel collections (Figure 8.6), Acarina were again more abundant in 

100yr trees, and Formicidae were again more abundant in the old trees. Lepidoptera 

and Diptera were slightly more abundant in the 100yr trees, and the reverse was true 

for Coleoptera and Araneae.  

In the hangtrap collections (Figure 8.7), Acarina were again more abundant in 

100yr trees, although the trend for Formicidae to be less abundant was not observed. 

Old trees collected more Blattodea, Coleoptera, Hymenoptera, and Isoptera than 

100yr trees.  
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Figures 8.5 (top), 8.6 (middle), 8.7 (bottom): Radar charts comparing abundances at an age level of 

taxa with >20 individuals, for each trap type. Note the absence of Blattodea and Formicidae in 

100yr CD sticky traps.  

 

Tree level comparisons of age using K-W tests (Table 8.4) detected no 

significant differences in abundance between the age classes for any of the 24 

combination of alltraps+3 and alltaxa+5. 



8) Canopy Arthropods - Results 

Abundance
Comparing total catch from
8 100yr and 8 old trees

Kruskal Wallis tes

mean std min max mean std min max p<0.05?

Alltraps All taxa 435.63 210.8716 229 857 375.63 165.4785 213 636 ns
Coleoptera 51.5 27.08189 26 108 47.5 19.82062 21 82 ns
Diptera 213.75 126.8664 77 401 170.13 69.43535 103 299 ns
Hemiptera 40.875 29.396 12 100 39.75 30.94581 7 90 ns
Hymenoptera 35.5 20.07842 7 60 46.375 29.56319 12 99 ns
Lepidoptera 28.625 15.38958 12 56 19.875 18.03518 7 61 ns

Cdsticky All taxa 92 33.1562 55 156 85.143 34.80627 46 130 ns
Coleoptera 6.8571 4.947342 3 17 9.7143 7.134757 4 23 ns
Diptera 65.286 29.69127 17 116 53.429 22.18 28 78 ns
Hemiptera 4.6 4.827007 1 13 4.2857 2.811541 1 9 ns
Hymenoptera 13.286 11.61485 1 35 13.143 7.425824 3 26 ns
Lepidoptera 1 0 1 1 1.25 0.5 1 2 ns

Funnel All taxa 199.5 144.3765 6 489 141 127.5125 6 339 ns
Coleoptera 32.857 19.94516 17 73 18.25 20.65188 1 62 ns
Diptera 64 55.44882 1 169 35 37.20983 1 107 ns
Hemiptera 34 25.16611 5 80 32.429 27.77803 5 70 ns
Hymenoptera 16.75 8.940278 2 34 24.625 22.8969 1 74 ns
Lepidoptera 18.167 10.53407 8 32 9.5 10.40673 1 26 ns

Hangtraps All taxa 155.63 68.95534 59 281 160.13 80.55245 63 309 ns
Coleoptera 16.75 7.778175 6 28 20.75 9.452891 10 34 ns
Diptera 92.625 64.47134 22 225 88.375 53.85944 26 192 ns
Hemiptera 8.25 3.84522 3 15 7.625 4.10357 3 14 ns
Hymenoptera 8.1429 7.559289 2 24 9.2857 7.696629 2 25 ns
Lepidoptera 14.75 6.250714 6 24 12.125 10.00625 3 35 ns

100yr Old

 

Table 8.4: Abundance between ages compared at a tree level for all traps +3 and all taxa +5 

 

At a placement level, no significant differences were detected in the total 

abundance collected in any placement (Table 8.5).  

Abundances of different trap Kruskal Wallis tes
placements compared between ages 100yr Old Total 100yr Old Total 100yr Old p<0.05?

CDSticky : Total 12 13 1238 643 595 49.5 53.6 45.8 ns
Lower crown Trunk 6 7 649 382 267 49.9 63.7 38.1 ns
Upper crown Trunk 6 6 589 261 328 49.1 43.5 54.7 ns

Funnel: Total 35 35 2700 1576 1124 38.6 45.0 32.1 ns
Lower crown Dead 6 5 104 46 58 9.5 7.7 11.6 ns
Lower crown Live 5 8 171 51 120 13.2 10.2 15.0 ns
Lower crown Trunk 6 4 1123 817 306 112.3 136.2 76.5 ns
Upper crown Dead 5 4 50 26 24 5.6 5.2 6.0 ns
Upper crown Live 6 7 132 45 87 10.2 7.5 12.4 ns
Upper crown Trunk 7 7 1112 583 529 79.4 83.3 75.6 ns

HangTrap: Total 47 44 2526 1245 1281 27.8 26.5 29.1 ns
Lower crown Lower chamber 8 8 426 220 206 26.6 27.5 25.8 ns
Lower crown Upper chamber 8 7 516 194 322 34.4 24.3 46.0 ns
Mid crown Lower chamber 8 8 492 212 280 30.8 26.5 35.0 ns
Mid crown Upper chamber 7 7 388 211 177 27.7 30.1 25.3 ns
Upper crown Lower chamber 8 8 391 222 169 24.4 27.8 21.1 ns
Upper crown Upper chamber 8 6 313 186 127 22.4 23.3 21.2 ns

Grand Total Total 94 92 6464 3464 3000 34.8 36.9 32.6 ns

Traps processed Total collection Mean arthropods per trap

 

Table 8.5: All taxa total abundances between ages compared at a placement level for each trap type. 

 

A more detailed comparison of abundances at a placement level was 

performed on each major taxonomic group (Table 8.6). Several significant differences 

were detected, and several trends identified. The collections of Acarina, Diptera, and 

Plecoptera were more abundant in 100yr trees. Araneae, Blattodea, Coleoptera, 

Formicidae, and Hymenoptera (excluding Formicidae) were more abundant in older 

trees. 
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Mean abundances of different trap
placements and orders compared between ages
P-values reported when p<0.20, * label when p<0.05 100yr Old 100yr Old 100yr Old 100yr Old 100yr Old 100yr Old 100yr Old
Note that Hym=Hymenoptera & Form=Formicidae
CDSticky : Total 12 13 0.33 0.08 0.17 0.23 - 0.08 4.00 5.23 - - - -

Lower crown Trunk 6 7 0.50 - 0.17 0.14 - - 5.00 6.71 - - - -
Upper crown Trunk 6 6 0.17 0.17 0.17 0.33 - 0.17 3.00 3.50 - - - -

Funnel: Total 35 35 1.97 0.26 2.77 2.37 2.94 2.71 6.57 4.17 0.20 0.06 - 0.09
Lower crown Dead branch 6 5 0.17 - 1.50 1.86 0.33 0.71 3.00 1.57 0.33 - - 0.14
Lower crown Live branch 5 8 - - 1.20 0.50 0.60 0.75 0.80 1.00 - - - 0.25
Lower crown Trunk 6 4 4.86 0.14 4.29 3.14 2.57 8.00 17.14 9.86 - 0.14 - -
Upper crown Dead branch 5 4 2.00 0.13 0.60 3.63 0.40 0.75 2.40 1.50 - - - -
Upper crown Live branch 6 7 0.17 0.20 1.50 1.00 0.33 0.60 1.00 2.40 - 0.20 - 0.20
Upper crown Trunk 7 7 3.50 1.50 6.50 3.00 12.67 5.50 12.67 10.00 0.83 - - -

HangTrap: Total 47 44 0.26 0.11 1.26 1.75 0.21 0.36 2.85 3.77 0.06 0.07 - -
Lower crown Lower chamber 8 8 - 0.17 0.50 0.67 0.50 0.83 2.88 1.50 - 0.17 - -
Lower crown Upper chamber 8 7 0.13 0.13 1.13 1.13 - 0.25 5.13 6.00 - - - -
Mid crown Lower chamber 8 8 0.29 - 1.14 1.57 0.14 0.71 1.86 1.71 - - - -
Mid crown Upper chamber 7 7 0.25 0.13 1.88 3.00 - 0.13 4.25 6.00 - - - -
Upper crown Lower chamber 8 8 0.13 0.14 0.88 1.57 0.38 0.29 0.75 2.57 - 0.14 - -
Upper crown Upper chamber 8 6 0.75 0.13 2.00 2.25 0.25 0.13 2.50 4.25 0.38 0.13 - -

Grand Total Total 94 92 0.90 0.16 1.68 1.77 1.20 1.22 4.38 4.13 0.11 0.05 - 0.03

100yr Old 100yr Old 100yr Old 100yr Old 100yr Old 100yr Old 100yr Old

CDSticky : Total 12 13 38.08 28.77 1.92 2.31 - 0.46 7.75 6.62 0.58 1.15 0.17 0.38
Lower crown Trunk 6 7 27.33 27.86 2.50 2.29 - 3.98 6.00 7.00 0.83 1.43 0.17 0.29
Upper crown Trunk 6 6 48.83 29.83 1.33 2.33 - 2.00 9.50 6.17 0.33 0.83 0.17 0.50

Funnel: Total 35 35 14.63 8.00 6.80 6.49 0.77 1.51 3.06 4.11 0.20 0.17 3.11 1.63
Lower crown Dead 6 5 1.17 2.57 0.33 1.00 0.33 2.75 0.33 1.86 - - - 0.14
Lower crown Live 5 8 0.20 0.50 - 1.00 0.20 0.50 0.20 0.50 0.20 0.25 - -
Lower crown Trunk 6 4 20.86 18.43 16.29 17.57 1.71 8.32 4.57 10.43 0.14 0.14 6.29 4.57
Upper crown Dead 5 4 1.60 2.75 1.60 1.63 0.20 3.51 0.40 2.88 - 0.25 - 0.13
Upper crown Live 6 7 1.33 4.20 0.50 1.00 0.83 0.71 1.17 0.60 - 0.20 0.17 -
Upper crown Trunk 7 7 56.83 22.00 18.50 18.75 1.00 3.86 10.17 7.50 0.83 0.25 10.67 5.75

HangTrap: Total 47 44 15.77 16.07 1.40 1.39 0.23 0.32 0.98 1.55 0.09 0.20 2.51 2.20
Lower crown Lower chamber 8 8 12.38 10.50 1.63 1.17 0.50 1.75 1.00 3.83 0.13 0.33 3.75 1.33
Lower crown Upper chamber 8 7 15.00 9.38 1.50 1.00 0.13 0.52 1.25 0.25 0.25 0.63 2.00 0.50
Mid crown Lower chamber 8 8 18.71 15.71 1.86 1.29 0.14 0.38 1.00 0.57 - - 4.57 3.00
Mid crown Upper chamber 7 7 14.88 18.13 1.13 1.38 0.13 1.77 0.63 2.13 0.13 0.25 1.50 1.75
Upper crown Lower chamber 8 8 15.63 28.86 1.75 3.43 0.13 0.38 1.50 1.29 - - 2.63 6.71
Upper crown Upper chamber 8 6 18.38 14.00 0.63 0.25 0.38 0.35 0.50 1.63 - - 0.88 0.38

Grand Total Total 94 92 18.19 14.79 3.48 3.46 0.40 0.79 2.62 3.24 0.19 0.33 2.44 1.73

100yr Old 100yr Old 100yr Old 100yr Old 100yr Old 100yr Old 100yr Old

CDSticky : Total 12 13 - - - - - - - - 0.08 - - -
Lower crown Trunk 6 7 - - - - - - - - 0.17 - - -
Upper crown Trunk 6 6 - - - - - - - - - - - -

Funnel: Total 35 35 0.03 - 0.29 0.20 1.29 0.09 0.06 - - - - -
Lower crown Dead 6 5 - - - 0.29 - - - - - - - -
Lower crown Live 5 8 - - 0.60 - - - - - - - - -
Lower crown Trunk 6 4 - - 0.14 0.43 4.43 0.43 - - - - - -
Upper crown Dead 5 4 - - 0.20 - - - 0.40 - - - - -
Upper crown Live 6 7 - - 0.50 - - - - - - - - -
Upper crown Trunk 7 7 0.17 - 0.33 0.50 2.33 - - - - - - -

HangTrap: Total 47 44 0.02 - - - - - - - 0.11 0.02 - 0.07
Lower crown Lower chamber 8 8 - - - - - - - - - - - -
Lower crown Upper chamber 8 7 - - - - - - - - 0.25 - - 0.13
Mid crown Lower chamber 8 8 - - - - - - - - - - - 0.14
Mid crown Upper chamber 7 7 - - - - - - - - 0.13 - - -
Upper crown Lower chamber 8 8 0.13 - - - - - - - - - - 0.14
Upper crown Upper chamber 8 6 - - - - - - - - 0.25 0.13 - -

Grand Total Total 94 92 0.02 - 0.11 0.08 0.48 0.03 0.02 - 0.06 0.01 - 0.03

Traps processed

Blattodea

Pseudo-  

Acarina Araneae Coleoptera

Hym ex FormHym-Form.Hemiptera LepidopteraIsopteraDiptera

OrthopteraNeuroptera Plecoptera Psocoptera Trichoptera

Collembola DermapteraTraps processed

Traps processed

 

p p p p p p

0.11

0.09 0.15
0.06 *<.01

0.17
0.17

*0.05 0.09
0.11 0.16

p p p p p p

*0.04
0.17 0.18

0.05
*0.04 0.13 0.19

0.15

0.09 0.11

*0.03
0.17 0.12 *0.04

0.07
0.10

p p p p p p

0.08

*0.03

Table 8.6: Abundances compared between ages at a placement level for each major taxonomic 

grouping. “Hym- Form” = Hymenoptera: Formicidae; “Hym ex Form” = Hymenoptera 

excluding Formicidae;  and “Pseudo”= Pseudoscorpionidae. 

8.5 Richness results 

A total of 233 RTU were collected in the old trees, and 226 in the 100yr trees. 

For the CD sticky traps and hangtraps, richness was higher in the old trees (Figure 

8.8). The reverse was true for the funnels. 
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Figure 8.8: Richness in each age class, by trap type 

Coleoptera were the most speciose taxa. One third (113) of all encountered 

RTU were beetles. Diptera, Hemiptera and Hymenoptera each comprised 

approximately one sixth of the RTU catalogue, with 55, 47, and 44 RTU.  20 

lepidopteran RTU were collected.  

When pooling all trap types, more Diptera, Coleoptera, and Hymenoptera 

species were found in old trees, and more Hemiptera in 100yr trees (Figure 8.9). The 

contribution of each taxa to the total RTU catalogue for each tree was similar.  
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Figure 8.9: Radar chart comparing richness between ages of the five most prominent taxa, for all trap 

types 

Comparison of the radar charts for each trap types shows that CD sticky and 

hangtrap fauna were richer in old trees, but the opposite tendency was seen in the 

funnel traps. 

In the CD sticky trap collections, all of the five most prominent taxa were 

richer in the old trees, except Hymenoptera (Figure 8.10). The differences in richness 

of Coleoptera, Diptera, and Hemiptera were the most pronounced. 

Funnel traps exhibited the opposite trend: all five taxa were more species rich 

in the 100yr trees (Figure 8.11).  

The hangtrap collection (Figure 8.12) showed a similar pattern to the CD 

sticky traps. All taxa except Lepidoptera were more species rich in the old trees than 

the 100yr trees. RTU richness for Lepidoptera was equal. 
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Figures 8.10 (top), 8.11 (middle), 8.12 (bottom): Radar charts comparing richness at an age level for the 

five most prominent taxa for each trap type 
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Analysis at a tree level (Table 8.7) showed no significant difference in the 

total RTU count for all traps +3 and all taxa +5. 

RTU count
Comparing total catch from
8 100yr and 8 old trees

Kruskal Wallis test

mean std min max mean std min max p<0.05?

Alltraps All taxa 88.50 22.20 52 124 83.38 18.06289 59 113 ns
Coleoptera 21.63 6.63 13 32 21.13 5.139136 13 28 ns
Diptera 17.75 5.04 11 26 17.75 4.399675 11 24 ns
Hemiptera 13.25 4.59 5 20 11.75 4.399675 6 17 ns
Hymenoptera 12.50 4.17 6 17 14.00 5.398412 5 22 ns
Lepidoptera 8.25 2.60 4 13 6.13 2.167124 3 10 ns

Cdsticky All taxa 20.86 5.21 14 31 24.00 6.855655 16 35 ns
Coleoptera 3.86 1.77 2 6 5.29 2.13809 3 9 ns
Diptera 8.00 1.63 5 10 8.57 2.225395 6 12 ns
Hemiptera 1.43 1.13 0 3 2.43 1.511858 0 4 ns
Hymenoptera 4.57 2.44 1 8 4.57 1.618347 2 7 ns
Lepidoptera 0.14 0.38 0 1 0.14 0.377964 0 1 ns

Funnel All taxa 46.50 20.58 4 67 35.13 20.53873 4 62 ns
Coleoptera 12.14 4.38 5 17 7.75 5.338539 1 16 ns
Diptera 6.63 3.25 1 11 4.88 2.799872 1 10 ns
Hemiptera 9.57 3.60 5 14 6.71 3.817254 2 12 ns
Hymenoptera 6.50 2.93 1 11 6.50 4.242641 1 13 ns
Lepidoptera 2.50 2.14 0 6 1.50 1.069045 0 3 ns

Hangtraps All taxa 44.13 12.14 29 69 47.50 10.87592 33 62 ns
Coleoptera 11.25 3.92 6 17 12.25 4.803273 8 22 ns
Diptera 11.75 5.09 8 21 12.25 3.535534 7 17 ns
Hemiptera 5.13 1.64 3 8 5.63 2.386719 3 9 ns
Hymenoptera 4.86 2.34 2 8 6.38 2.924649 1 10 ns
Lepidoptera 5.88 2.47 4 11 4.75 2.12132 1 7 ns

100yr Old

 

Table 8.7: RTU richness compared between ages at a tree level for all traps +3 and all taxa +5 

 

At a placement level, significant (p<0.05) differences were detected for some 

combinations of all taxa +5 and placement (Table 8.8). In the upper live branch 

funnels, the total RTU count was significantly higher in old trees. The collection from 

old trees was significantly higher in upper dead branch funnels for Hemiptera, and in 

the upper bottle of the uppermost hangtrap for Hymenoptera. Results for Lepidoptera 

were contradictory, with one hangtrap placement significantly richer in 100yr trees, 

and one hangtrap placement richer in old trees. 

When viewing results where p<0.20, additional trends can be identified. Total 

RTU count was higher in old trees in two hangtrap and two funnel placements. 

Coleoptera and Hymenoptera both tended to be richer in old trees.    
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Mean richness of different trap
placements and orders compared between ages 100yr std Old std 100yr std Old std 100yr std Old std

P-values reported when p<0.20, * label when p<0.05
CDSticky

Upper crown Trunk 13.33 4.97 15.71 6.47 3.00 2.37 3.71 2.14 4.83 0.41 6.14 2.27

Lower crown Trunk 12.67 3.78 12.67 3.56 1.83 0.41 2.50 0.84 6.33 1.75 5.17 2.32

Funnel:
Upper crown Live 4.33 2.34 7.00 2.83 1.50 1.05 1.57 1.13 0.67 0.82 1.14 1.46

Upper crown Dead 3.20 0.45 5.00 2.16 0.80 0.84 1.00 0.82 0.20 0.45 0.50 0.58

Upper crown Trunk 23.14 #### 20.86 9.99 5.00 3.65 3.71 2.50 4.57 2.30 3.29 0.76

Lower crown Live 7.20 4.44 7.25 4.86 1.60 1.82 1.50 1.93 1.40 1.14 1.25 1.04

Lower crown Dead 5.17 3.31 7.80 7.53 0.67 0.82 1.80 3.03 1.17 0.98 2.20 1.92

Lower crown Trunk 34.00 #### 21.25 13.30 7.17 4.31 3.25 2.75 4.50 1.05 4.00 1.83

HangTrap:
Upper crown Up bottle 8.75 7.13 10.17 4.26 0.88 1.46 1.50 1.87 3.38 3.11 2.83 1.17

Upper crown Low bottle 14.13 5.99 11.50 3.66 3.88 2.75 3.50 1.07 5.25 2.43 4.50 1.20

Mid crown Up bottle 9.86 5.08 9.57 3.55 1.71 1.70 1.57 1.51 3.00 2.16 2.86 1.35

Mid crown Low bottle 11.75 4.13 14.63 5.01 3.50 1.51 4.13 2.42 4.63 2.00 4.63 1.69

Lower crown Up bottle 9.00 4.81 13.57 5.00 0.75 0.71 2.00 1.63 3.38 1.85 3.86 2.04

Lower crown Low bottle 10.50 6.91 11.88 5.14 2.13 2.85 3.63 3.07 4.25 3.24 4.75 1.83

100yr std Old std 100yr std Old std 100yr std Old std

CDSticky
Upper crown Trunk 0.83 0.98 1.86 0.90 2.83 1.83 2.86 2.19 0.17 0.41 0.14 0.38

Lower crown Trunk 0.83 0.75 1.00 0.00 2.83 1.83 2.33 1.03 0.17 0.41 0.50 0.55

Funnel:
Upper crown Live 0.33 0.52 0.57 0.79 0.67 0.52 1.57 1.13 0.00 0.00 0.14 0.38

Upper crown Dead 0.00 0.00 1.00 0.82 0.40 0.55 1.00 0.00 0.00 0.00 0.00 0.00

Upper crown Trunk 5.14 3.29 4.43 3.05 2.43 1.62 3.86 2.54 0.86 0.69 1.00 0.82

Lower crown Live 1.20 1.10 0.88 1.13 0.60 0.89 1.38 1.19 0.00 0.00 0.13 0.35

Lower crown Dead 0.33 0.52 0.80 0.84 1.33 1.37 1.40 1.14 0.17 0.41 0.00 0.00

Lower crown Trunk 6.83 4.75 4.50 2.65 5.33 2.73 4.00 3.74 2.50 1.87 1.00 1.15

HangTrap:
Upper crown Up bottle 0.75 0.71 1.00 1.10 0.75 0.89 2.00 0.89 2.25 1.83 1.33 1.03

Upper crown Low bottle 1.25 1.04 0.88 0.64 1.00 1.07 0.63 0.74 1.38 1.30 0.25 0.71

Mid crown Up bottle 1.14 0.69 1.14 1.35 0.71 0.76 0.71 0.76 2.14 1.77 1.43 0.98

Mid crown Low bottle 1.00 0.93 1.25 1.28 0.63 0.74 1.88 1.73 0.75 0.89 1.00 1.07

Lower crown Up bottle 1.50 1.77 2.43 1.90 1.13 1.25 1.29 0.76 1.13 0.64 2.29 1.11

Lower crown Low bottle 0.63 1.06 0.25 0.46 0.75 0.89 1.25 1.49 0.75 0.89 0.38 0.52

Hemiptera Hymenoptera Lepidoptera

RTU count- All Animals Coleoptera Diptera

 

p p p

0.12
0.11

*0.03
0.11

0.16

0.19
0.09 0.09

0.12

p p p

0.10

0.14
*0.04 0.10

*0.04
*0.03

0.09
*0.04

Table 8.8: RTU richness compared between ages at a placement level for all taxa +5 

8.6 Community structure results 

Visual assessment of the rank abundance plots generated for all traps +3 point 

to a lognormal species abundance model (Magurran, 2004) (See section 7.5, aspect 3).  

A consistent trend for the 100yr collections to exhibit a steeper slope can be 

seen for all four plots (Figures 8.13, 8.14, 8.15, 8.16). This trend was most obvious 

for the sticky traps (Figure 8.14), and least obvious for the funnels (Figure 8.15).  

A steeper slope indicates a higher dominance of the most abundant taxa, and 

therefore a less evenly abundant community structure. Consequently, the 

rank/abundance plots exhibit a less diverse community structure in the 100yr old 

collections.  

The length of the curve along the x-axis indicates the total richness of the 

community. The flattened level of the tail at the right end of the curve represents the 

animals only encountered once. The next flat level above represents the animals 

encountered exactly twice. Because the Chao 1 true richness estimator is derived from 

these number on the ratio, the relative length of the singletons level is a sign of high 
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richness. For all traps pooled, CD sticky traps, and funnel traps, the length of the 

singletons tail was longer in old trees.  

Similarly, the old curves are slightly above the 100yr curves, visually 

suggesting a potentially longer tail, and thus true richness, along the right axis for the 

old curve. 
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Figure 8.13: Whittaker rank/ abundance plot for all traps 
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Rank/Abundance Plot for CD Sticky traps
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Rank/Abundance Plot for Funnel traps
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Rank/Abundance Plot for Hangtraps
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Figures 8.14 (top), 8.15 (middle), 8.16 (bottom): Whittaker rank/ abundance plots for each trap type 
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8.7 Diversity results 

 

 

Figure 8.17: -ln (Simpson’s diversity) in each age class, by trap type 

At an age level,  –ln(D) was higher for old trees (2.3402) than 100yr trees 

(2.3331). Because diversity indices have no intrinsic scale, these values are 

meaningless outside of their comparisons. 

The diversity index was greater in old trees for funnels and hangtraps, and 

greater in 100yr trees for CD sticky traps (Figure 8.17). Because richness was higher 

in the old trees for CD sticky traps, evenness in these trees must have been lower to 

result in a lower diversity index (a composite of richness and evenness) at the age 

level. However, at the tree and placement level, CD sticky traps had a higher diversity 

in the old trees. Conversely, because richness was lower in the old trees for the funnel 

traps, evenness must have been higher to results in a higher diversity index.  
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Radar charts at an age level show a higher diversity in the old trees for all 24 

combinations (Figure 8.19, 8.20, 8.21) of all traps+3 and the five most prominent taxa 

with three exceptions:  Diptera in the CD sticky traps, and Lepidoptera in the pooled 

traps and the funnel traps. This consistent trend reflects a quantitative index of the 

observations made of the rank/abundance graphs, above.  In all cases, the Coleoptera 

fauna was more diverse in the old trees (Figure 8.18).  
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Figure 8.18: Radar charts comparing –ln(Simpsons D) between ages of the five most prominent taxa for 

all traps pooled 
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-ln(D) for the five largest taxa
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Figures 8.19 (top), 8.20 (middle), 8.21 (bottom): Radar charts comparing –ln(Simpsons D) at an age 

level for the five most prominent taxa for each trap type 

K-W test comparisons a tree level showed a significantly higher diversity in 

the old trees for all taxa caught in the CD sticky traps (Table 8.9). 
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-ln Simpsons D
Comparing total catch from
8 100yr and 8 old trees

Kruskal Wallis test

mean std min max mean std min max p<0.05?

Alltraps All taxa 1.3384 0.023814 1.297923 1.36008 1.3465 0.010861 1.327124 1.357956 ns
Coleoptera 1.2459 0.090678 1.102921 1.328181 1.29279 0.065557 1.135112 1.336362 ns
Diptera 1.249 0.029716 1.205376 1.290527 1.24995 0.031412 1.193986 1.300258 ns
Hemiptera 1.2489 0.046772 1.152101 1.288637 1.22367 0.069493 1.091314 1.295502 ns
Hymenoptera 1.1765 0.084084 1.062368 1.297709 1.23817 0.050557 1.169064 1.301811 ns
Lepidoptera 1.1747 0.062527 1.08825 1.263411 1.11007 0.108041 0.944462 1.217876 ns

Cdsticky All taxa 1.2397 0.025759 1.185687 1.260325 1.27166 0.031426 1.221786 1.309292 *
Coleoptera 2.5372 0.114227 2.300395 2.647538 2.59204 0.07089 2.428025 2.64549 ns
Diptera 2.4873 0.081852 2.300395 2.560212 2.5152 0.04627 2.428025 2.568687 ns
Hemiptera 0.8368 0.152488 0.653926 0.980829 0.90647 0.188405 0.693147 1.163151 ns
Hymenoptera 0.857 0.234313 0.544727 1.141172 1.07902 0.075007 0.944462 1.146403 ns
Lepidoptera 0.3466 0.490129 0 0.693147 0.17329 0.346574 0 0.693147 ns

Funnel All taxa 1.282 0.069144 1.141172 1.343267 1.29335 0.081025 1.098612 1.346948 ns
Coleoptera 2.62 0.112308 2.363981 2.703299 2.59799 0.113226 2.37331 2.710348 ns
Diptera 2.4822 0.069849 2.363981 2.554505 2.45993 0.081476 2.340393 2.562153 ns
Hemiptera 1.1825 0.034564 1.128181 1.221845 1.09714 0.13561 0.867501 1.240693 ns
Hymenoptera 1.0441 0.169 0.693147 1.280934 0.98486 0.16787 0.693147 1.171183 ns
Lepidoptera 0.6734 0.262699 0.41058 1.045368 0.48336 0.346126 0 0.998529 ns

Hangtraps All taxa 1.2647 0.074576 1.118483 1.324569 1.28548 0.039657 1.227777 1.3302 ns
Coleoptera 1.7921 0.145937 1.433531 1.858033 1.83516 0.029739 1.77413 1.864999 ns
Diptera 1.0981 0.082756 0.998032 1.218395 1.10837 0.077146 1.003289 1.192913 ns
Hemiptera 1.1406 0.072905 1.019025 1.255266 1.10181 0.125863 0.820981 1.237874 ns
Hymenoptera 1.0448 0.118751 0.900787 1.203973 1.08897 0.175985 0.693147 1.247586 ns
Lepidoptera 0.9531 0.12804 0.71744 1.148384 0.87264 0.234495 0.470004 1.125641 ns

100yr Old

 

Table 8.9: -ln(d) compared between ages at a tree level for all traps +3 and all taxa +5 

 

Comparing at a placement level, several significant differences were detected. 

At p<0.05, all statistically significant differences indicated a more diverse fauna in 

old trees (Table 8.10). 

Within the upper crown, sticky trap, live branch funnel, and trunk funnel were 

significantly more diverse in old trees for all taxa. 

 The Coleoptera collection was significantly more diverse in old trees in 

several placements in the lower crown: the sticky trap, dead branch funnel, and both 

chambers of the hangtrap. Diptera in the upper sticky trap were more diverse in old 

trees. 
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-ln (Simpsons D) for different
placements and orders compared between ages 100yr std Old std 100yr std Old std 100yr std Old std

P-values reported when p<0.20, * label when p<0.05
CDSticky

Upper crown Trunk 1.55 0.36 2.00 0.25 0.88 0.61 0.93 0.66 0.84 0.31 1.14 0.08

Lower crown Trunk 1.53 0.36 1.78 0.41 0.49 0.26 0.80 0.18 1.31 0.41 1.16 0.49

Funnel:
Upper crown Live 1.20 0.21 1.53 0.33 0.42 0.38 0.48 0.55 0.23 0.40 0.46 0.58

Upper crown Dead 1.05 0.38 1.50 0.46 0.23 0.40 0.23 0.40 0.00 - 0.00 0.00

Upper crown Trunk 2.25 0.42 2.36 0.42 0.75 0.49 0.88 0.54 1.12 0.52 0.97 0.16

Lower crown Live 1.59 0.70 1.36 0.44 0.75 0.65 0.60 0.82 0.42 0.50 0.34 0.38

Lower crown Dead 1.24 0.76 1.70 0.66 0.20 0.34 1.02 0.46 0.20 0.44 0.78 0.63

Lower crown Trunk 2.24 0.47 2.33 0.56 1.26 0.75 0.77 0.18 0.69 0.30 0.95 0.30

HangTrap:
Upper crown Up bottle 1.35 0.47 1.63 0.30 0.66 0.70 0.77 0.81 0.60 0.39 0.61 0.34

Upper crown Low bottle 2.05 0.48 2.14 0.23 1.02 0.75 1.02 0.37 1.14 0.31 1.26 0.23

Mid crown Up bottle 1.48 0.58 1.43 0.49 0.69 0.69 0.61 0.63 0.72 0.31 0.60 0.34

Mid crown Low bottle 1.95 0.43 1.94 0.46 1.09 0.53 1.33 0.36 1.07 0.36 0.94 0.46

Lower crown Up bottle 1.54 0.65 1.45 0.57 0.14 0.31 0.55 0.44 0.67 0.53 0.47 0.42

Lower crown Low bottle 1.59 0.62 1.92 0.26 0.40 0.82 0.94 0.76 0.77 0.64 1.02 0.33

100yr std Old std 100yr std Old std 100yr std Old std

CDSticky
Upper crown Trunk 0.22 0.24 0.45 0.45 0.70 0.42 1.00 0.40 0.00 - 0.00 -

Lower crown Trunk 0.17 0.35 0.00 0.00 0.80 0.41 0.40 0.36 0.00 - 0.00 0.00

Funnel:
Upper crown Live 0.00 0.00 0.20 0.34 0.00 0.00 0.23 0.40 - - 0.00 -

Upper crown Dead - - 0.23 0.40 0.00 - - - - - - -

Upper crown Trunk 1.04 0.58 0.85 0.71 0.45 0.47 0.83 0.61 0.09 0.21 0.17 0.24

Lower crown Live 0.25 0.49 0.35 0.45 0.00 0.00 0.35 0.40 - - 0.00 -

Lower crown Dead 0.00 0.00 0.20 0.34 0.35 0.49 0.35 0.49 0.00 - - -

Lower crown Trunk 1.12 0.71 1.01 0.52 1.18 0.59 0.71 0.62 0.36 0.30 0.43 0.37

HangTrap:
Upper crown Up bottle 0.14 0.31 0.25 0.49 0.00 0.00 0.31 0.36 0.70 0.58 0.36 0.51

Upper crown Low bottle 0.37 0.41 0.10 0.24 0.21 0.41 0.00 0.00 0.44 0.53 0.47 -

Mid crown Up bottle 0.19 0.31 0.25 0.57 0.23 0.40 0.23 0.40 0.59 0.60 0.35 0.38

Mid crown Low bottle 0.16 0.40 0.55 0.53 0.23 0.40 0.46 0.52 0.24 0.33 0.25 0.43

Lower crown Up bottle 0.62 0.61 0.77 0.62 0.36 0.51 0.23 0.36 0.18 0.31 0.63 0.48

Lower crown Low bottle 0.37 0.63 0.00 0.00 0.00 0.00 0.30 0.42 0.32 0.37 0.00 0.00

Hemiptera Hymenoptera Lepidoptera

-ln Simps D;  All Taxa Coleoptera Diptera

 

p p p

*0.04 *0.02
*0.04

0.06

*0.04

0.14 0.14

0.13
0.09

p p p

0.19

0.18

0.07

Table 8.10: -ln(D) compared between ages at a placement level for all taxa +5 

 

8.8 Species accumulation and estimated richness results 

 

Figure 8.22: Sampling adequacy: Observed richness presented as a percentage of the true richness 

estimated by Chao 1, comparing ages for each trap type. Cryptic RTU are those estimated to 

exist but not collected. 
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Pooling traps, true richness was estimated to be slightly higher for the old 

trees. True richness was estimated to be higher in the old trees for CD sticky, and 

higher in the 100yr trees for funnels. Hangtraps were estimated to have an equal 

richness between ages (Figure 8.22). 

Comparing between traps, the estimated true richness was highest for the 

hangtraps, followed by the funnels and then the CD sticky traps. 

CD sticky traps showed the poorest performance as measured by sampling 

adequacy. Due to the high estimated true richness in the old trees, sampling in them 

was only two thirds as adequate as in the 100yr trees.  Adequacy inequality was less 

pronounced for the other trap types. Pooling all traps, sampling adequacy was greater 

in the 100yr trees than the old trees. 

Species accumulation curves output from EstimateS (Colwell, 2004) showed 

different trends for different trap types. Similar to the results for richness, funnel 

results did not agree with that of the CD sticky traps and the hangtraps. 
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Figure 8.23: Species observed accumulation curves with Chao 1 estimator individuals for all traps 

When comparing the curves for all traps pooled, old trees showed a slightly 

higher curve than 100yr trees, indicating a higher observed richness and a higher 

estimate of true richness (Figure 8.23). Observation of the last two points of the Chao 

1 estimator curves for each age class hints at a flattening of the 100yr curve relative to 

the old curve. This implies a higher overall richness in the old trees.  
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Figure 8.24: Species observed accumulation curves with Chao 1 estimator individuals for CD sticky 

traps 

Curves from the resampled CD sticky traps show a very strong divergence in 

the Chao 1 estimators, with the old trees adopting a much steeper slope than the 100yr 

trees (Figure 8.24). This indicates much higher species richness in the community of 

animals prone to being caught in sticky traps, and that the sampling effort was not 

adequate for the Chao 1 estimator to asymptote. The presence of a large number of 

animals only encountered once in the old sticky traps may be responsible for the 

abrupt rise. The curves for species observed show a slightly higher value for old trees, 

but the divergence is not visible.   
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Figure 8.25: Species observed accumulation curves with Chao 1 estimator individuals for funnel traps 

The funnel trap curves show an opposite pattern, with 100yr trees showing a 

higher curve for both the species observed and the Chao 1 estimator (Figure 8.25). 

This indicates a richer community of animals prone to being trapped in funnels in the 

100yr trees.  
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Figure 8.26: Species observed accumulation curves with Chao 1 estimator individuals for hang traps 

Hangtrap species accumulation curves show a flattening of the estimator and 

species observed curves in comparison to the other trap types (Figure 8.26). The 

estimator appears to asymptote at around 250 RTU, suggesting that the trapping 

regime was adequate to estimate the true richness. This does not mean the trapping 

regime was adequate to actually collect the true richness.. The species observed curve 

does not flatten as distinctly as the estimator. 

Comparison of ages using the hangtrap curves presents a less clear picture 

than the other trap types. For species observed, old trees are show a slightly higher, 

richer curve.  

The Chao 1 estimator shows an unexpected result. For most of the curve, the 

old tree curve is higher and steeper than the 100yr curve. However, it appears to 

flatten out by dipping and rising again, with the final points showing the old curve 

below the 100yr curve. 

To confirm this was not an anomalous result, EstimateS analysis was redone 

with 8000 resampling runs. No difference in output was detected.  

It is possible that if further sampling added another point to the 100yr curve, it 

would also dip down. The Chao 1 estimator results for hangtraps are ambiguous. For 

the other trap types, the trend of Chao 1 mirrored the trends of species observed. This 

may be true for hangtraps. Regardless of whether the Chao 1 results are integrated or 

not, the overall inclination of hangtrap curve output indicates a richer fauna in the old 

trees. 

 

 

 



8) Canopy Arthropods - Results 

8.9 Distinctness results 

8.9.1 RTU overlap 

Approximately half of all encountered RTU were found only in one age class, 

and half were found in both age classes (Figure 8.27). Slightly more RTU were found 

in old trees only (82) than in 100yr trees only (75). 
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Figure 8.27:Venn diagram showing overlap between tree ages for all traps pooled 

For both hangtraps and CD sticky traps, more RTU were collected in old trees 

only than in 100yr trees only (Figure 8.28). The results for the funnel traps were 

different. Almost twice as many RTU were found only in 100yr funnel traps (62) than 

were found only in old funnel traps (35). 
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Figure 8.28: Venn diagram showing overlap between tree age for each trap type. Trap count includes 

hangtrap chambers as separate traps. 
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8.9.2 MRPP results 

MRPP analysis at a tree level detected no significant differences in the 

composition of RTU between the age classes (Table 8.11). 

 

MRPP comparison
Comparing total catch from
8 100yr and 8 old trees

MRPP p-value P <0.05?
Alltraps All taxa 0.806 ns

Coleoptera 0.374 ns
Diptera 0.604 ns
Hemiptera 0.639 ns
Hymenoptera 0.143 ns
Lepidoptera 0.104 ns

Cdsticky All taxa 0.636 ns
Coleoptera 1.000 ns
Diptera 0.936 ns
Hemiptera 0.907 ns
Hymenoptera 0.767 ns
Lepidoptera 0.587 ns

Funnel All taxa 0.267 ns
Coleoptera 0.567 ns
Diptera 0.248 ns
Hemiptera 1.000 ns
Hymenoptera 0.130 ns
Lepidoptera 0.453 ns

Hangtrap All taxa 0.979 ns
Coleoptera 0.652 ns
Diptera 0.742 ns
Hemiptera 0.411 ns
Hymenoptera 0.273 ns
Lepidoptera 0.131 ns

 

Table  8.11: MRPP comparison of composition between ages at a tree level 

At a trap level, several significant differences in RTU composition were 

identified (Table 8.12). The collection of all funnel traps on live branches was 

significantly different between ages. This trend appeared to be driven by the 

Hymenoptera, and to a lesser extent, the Diptera. The lower chambers of all hangtraps 

pooled collected a significantly different coleopteran fauna.  No significant 

differences in composition were detected in the fauna of sticky or funnel traps on the 

trunks. Analysis of lepidopteran fauna was not always possible due to their lower 

abundances. 
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MRPP comparing a defined pool of sorted traps between ages 
P-values reported when <0.20; * label when p<0.05

All Animals Coleoptera Diptera Hemiptera Hymenoptera Lepidoptera
p<.20? p<.20? p<.20? p<.20? p<.20? p<.20?

CDSticky :
All traps pooled ns ns ns ns ns ns

Funnel:
All traps pooled ns ns ns ns ns ns
Trunk traps only ns ns ns ns ns ns
Live branch traps only * <.01 ns 0.20 ns * 0.01 (inv)

Dead branch traps only ns 0.12 ns ns ns (inv)

Live and Dead pooled * <.01 ns 0.08 ns * 0.01 (inv)
HangTrap:

Both chambers pooled ns ns ns ns ns ns
Upper chambers only ns ns ns ns ns ns
Lower chambers only 0.16 * 0.03 0.20 0.12 0.06 ns

All Trap Types 
Pooled All Positions Pooled ns ns ns ns ns (inv)

 

Table 8.12: MRPP comparison of composition between ages compared at a trap level 

 

At a placement level, several significant differences in composition were 

detected (Table 8.13). The total RTU collection for all taxa was significantly different 

in two placements, with two more significant at p<0.10.  The dipteran community in 

the lower chamber of the uppermost hangtrap was different between ages.  

MRPP comparing  8 100yr and 8 old trees by placement All Orders Coleoptera Diptera Hemiptera Hymenoptera Lepidoptera

P-values reported when <0.20; * label when p<0.05 p<.20? p<.20? p<.20? p<.20? p<.20? p<.20?
CDSticky : Total: ns ns ns ns ns ns

Lower crown Trunk ns ns ns ns ns ns
Upper crown Trunk ns ns ns ns ns (inv)

Funnel: Total: ns 0.19 ns ns ns ns
Lower crown Dead ns 0.07 ns (inv) ns (inv)
Lower crown Live *0.01 ns ns ns 0.11 (inv)
Lower crown Trunk 0.09 ns 0.13 ns ns ns
Upper crown Dead 0.19 ns (inv) (inv) 0.13 (inv)
Upper crown Live 0.08 ns ns (inv) 0.19 (inv)

Upper crown Trunk ns ns ns ns ns ns

HangTrap: Total: ns ns ns ns ns ns
Lower crown Lower chamber ns ns ns ns ns 0.17
Lower crown Upper chamber ns ns 0.10 ns ns ns
Mid crown Lower chamber ns 0.10 ns ns 0.19 ns
Mid crown Upper chamber ns ns ns ns 0.06 ns
Upper crown Lower chamber *0.03 ns *0.04 ns 0.19 ns
Upper crown Upper chamber ns ns 0.10 ns ns ns

All Trap Types 
Pooled 

All Positions 
Pooled ns ns ns ns ns ns

 

Table 8.13: MRPP comparison of composition between ages compared at a placement level 
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8.9.3 NMS ordination results 

Visual assessment of NMS ordinations showed several trends in the 

compositional relationships of the trees. Distinction between age classes was strongest 

for Coleoptera, Diptera, and Hymenoptera, and weakest for Hemiptera and 

Lepidoptera. Vectors with arrows connect study pairs from 100yr to old.  Several 

ordinations showed distinct clustering and/or separation of the age classes. Results for 

Lepidoptera should be viewed with the knowledge that abundances were generally 

very low for this taxon. 

The 24 combinations of all traps+3 and all taxa +5 are presented in the 

following order:  

a) all taxa in all traps pooled, then repeated with only the 122 RTU with >5 

individuals collected (2 ordinations) 

b) all taxa from sticky CD traps, all taxa from funnels, and all taxa from 

hangtraps (3 ordinations) 

c) each of the five most prominent orders for all traps pooled (5 ordinations) 

d) each of the five most prominent orders for each trap type separately (15 

ordinations). 

When reference is made to a study pair, it is in the form 100yr-Old. 

 Trees plotted closer together have a more similar composition of fauna. 

(Clarke & Warwick, 2001; McCune & Grace, 2002) The axes in NMS ordinations are 

arbitrary. Unlike other ordination techniques (e.g. Principle Components Analysis, 

PCA) axes represent equal amounts of variation, and have no intrinsic meaning 

(Clarke & Warwick, 2001; McCune & Grace, 2002).   

No CD traps survived in trees 7 or 16, and only a single funnel trap survived 

in each of trees 5 and 6. These were removed from analyses of that trap type. While 

not removed in ordinations pooling all trap types, these trees are artificially drawn 

closer to each other because of the corresponding under representation. 
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All taxa in all traps: 
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Figure 8.29: NMS ordination of trees by all taxa in all traps; 3-d stress=12.3; 6490 individuals. 
 

All taxa, all traps: Clustering was evident for both age classes, with several 

outliers outside of the clusters (Figure 8.29). All old trees except 14 and 16 were 

grouped together. Old trees 4, 10, 12, 8, 3, and 6 exhibited one major cluster, while 

100yr trees 2, 15, 13, 9, 1, 11, and 7 exhibited another.  Old trees 16 and 14 were 

outlying old trees, overlapping with the 100yr trees.  

Trees 5 and 7 were separated from the other 100yr trees. Trees 5-6 were close 

to each other and isolated from the others. These anomalies were likely a result of the 

missing funnel traps. 
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The pairs 13-14 and 15-16 clustered together away from the other trees. These 

pairs were topographically higher and physically farthest from the others. Other study 

pairs exhibiting relative proximity in the ordination were 5-6, and 2-4. This was 

evidence that small-scale regional effects were a factor in determining composition. 

Vectors showed a general trend upward. The compositional change between 

100yr trees and old trees was therefore similar for each study pair except 15 -16 and 5 

-6. The missing traps in these pairs could cause this exception.  
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Figure 8.30: NMS ordination of trees by taxa with greater than five individuals, all traps; 3-d stress  9.9; 
5257 individuals 

 

All taxa with >5 individuals, all traps: A similar structuring to Figure 8.29 

was exhibited when rare animal (<5 individuals) were removed (Figure 8.30). 

Compositional changes were again consistent between ages for each study pair, as 

shown by vectors trending rightwards. Study pairs 15-16 and 5-6 were again 
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exceptions.  A regional effect linking pairs was seen in the clustering of 13-14 and 15-

16. Trees 7 and 16, which lost all CD sticky traps, tended to the left hand side. All old 

trees except 14 and 16 clustered together. 
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Figure  8.31: NMS ordination of trees by all taxa in CD sticky traps; 2-d stress=20.5;1240 individuals.  
 

All taxa, CD sticky traps:  These two groups overlapped. No strong trends 

were identified comparing between ages (Figure 8.31). A general trend to the right 

suggested similarity in compositional differences. The study pair of tree 13-14 

appeared closer to each other than to the other trees, suggesting a distinct airspace 

fauna in their vicinity.  
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Figure 8.32: NMS ordination of trees by all taxa in funnels; 2-d stress=15.4; 2724 individuals 
 

All taxa, funnel traps: 100yr trees exhibited a consistent difference in 

composition from the old trees (Figure 8.32). The majority of vectors are parallel, 

showing a regular compositional difference between ages. This intra-pair 

compositional trend is overshadowed by inter-pair variability.  The spread of points 

appears similar. Old trees 14 and 16 are again separate from the other old trees. Pairs 

13-14 and 15-16 again are in proximity, as is 11-12.  This again suggests a distinct 

fauna in their vicinity. These six trees were the highest along the study site slope, and 

the farthest to the northeast.  
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Figure 8.33: NMS ordination of trees by all taxa in hangtraps; 2-d stress=36.6; 2526 individuals 
 

All taxa, hangtraps: Trees were weakly clustered with five old grouped 

together (Figure 8.33). Old trees 16, 3 and 12 were outliers. 100yr trees 11 and 2 were 

outliers from the other 100yr trees.  Study pairs exhibiting proximity in composition 

were 15-16, 13-14, and 7- 8. These shorter vectors suggest regional effects influenced 

composition of the hangtrap catch. 
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Each taxon in all traps: 
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Figure 8.34: NMS ordination of trees by Coleoptera in all traps pooled; 2-d stress 14.5; 792 individuals  
 

Coleoptera, all traps: Strong clustering of the beetle fauna was observed 

(Figure 8.34). Beetle communities were distinct beetle communities between the tree 

ages.  Tree 11 was an outlying 100yr tree, closest to its paired tree 12. Vectors tended 

rightwards.  
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Figure 8.35: NMS ordination of trees by Diptera in all traps pooled; 2-d stress 22.1; 3071 individuals 
 

Diptera, all traps: Clustering was observed in dipteran composition (Figure 

8.35), with a distinct group of old trees in close proximity to each other (4,10, 14, 15). 

A weak trend in vector directions upward was present. Exceptions to this trend were 

pairs 5-6, 7-8, and 15-16, all of which had at least one tree suffering heavy loss of 

traps.  
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Figure 8.36: NMS ordination of trees by Hemiptera in all traps pooled; 2-d stress 18.6; 645 individuals 
 

Hemiptera, all traps: Clustering of the hemipteran communities by ages was 

not observed (Figure 8.36). Variability was higher in old trees than 100yr trees.  Pairs 

13-14 and 1-3 showed strong similarity in hemipteran fauna within and between the 

pairs.  
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Figure 8.37: NMS ordination of trees by Hymenoptera in all traps pooled; 2-d stress 22.4; 655 
individuals 

 

Hymenoptera, all traps:  The hymenopteran fauna was distinct between tree 

ages (Figure 8.37). Old trees showed a strong clustering to the lower right, with some 

overlapping 100yr trees. Vectors all tended rightwards, with pair 1-3 showing an 

exception. Variability in the 100yr trees was greater than in old trees. 
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Figure 8.38: NMS ordination of trees by Lepidoptera in all traps pooled; 2-d stress 23.5; 388 
individuals 

 

Lepidoptera, all traps: Again, clustering of the old trees with overlaps from 

the 100yr trees was observed (Figure 8.38). Strongly parallel vectors showed that 

changes in composition between ages were consistent for the study pairs. The 

variability in the 100yr trees was greater than that in the old trees.  
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Each taxon for each trap type: 
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Figures 8.39 (left), 8.40 (right), 8.41 (bottom): NMS ordination of trees by Coleoptera, for each trap 
type. From left to right: CD sticky (3-d stress 11.9; 116 individuals), funnel (3-d stress 10.7; 
376 individuals), and hangtrap (3-d stress 14.2; 300 individuals) 

 

Coleoptera for each trap type: The Coleoptera fauna exhibited strong age-

related trends in all three trap types (Figure 8.39, 8.40, 8.41). In all cases, the fauna of 

the old trees was clustered strongly and showed less variability than the 100yr trees. 

In the CD sticky traps, old trees were strongly clustered. Composition changes were 

inconsistent, due to the high variability of the 100yr trees. In the funnel traps, all but 

one vector were very strongly parallel. The study pair 2-4 was the exception. The 

isolation of old tree 4 from the other old trees appears to drive the change in vector 

direction. In the hangtraps, a similar pattern to the CD sticky traps was observed. Old 

trees were strongly clustered and old trees were highly variable. The similarity in 

patterns could reflect the overlap of sampling airspace 
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Figures 8.42 (left), 8.43 (right), 8.44 (bottom): NMS ordination of trees by Diptera, for each trap type. 
From left to right: CD sticky (2-d stress 15.1; 831 individuals), funnel (2-d stress 15.2; 792 
individuals), and hangtrap (3-d stress 12.0; 1448 individuals) 

 

Diptera for each trap type: In CD sticky traps, the dipteran fauna showed 

little distinction between age classes (Figures 8.42, 8.43, 8.44). By contrast, clusters 

appear in funnel and hangtrap dipteran composition. For the funnel traps, age classes 

were segregated and compositional differences consistent, with vectors showing 

strong trends to the left. The physically isolated pairs of 13-15 and 15-16 show 

similarity within and between the pairs. In the hangtraps, old trees cluster in the lower 

right. Variability was greater in the 100yr trees. Trees 14 and 16 was outlying from 

the other old trees, as seen in the ordinations of all taxa in all traps. 
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Figures 8.45 (left), 8.46 (right), 8.47 (bottom): NMS ordination of trees by Hemiptera, for each trap 
type. From left to right: CD sticky (3-d stress 14.2; 53 individuals), funnel (3-d stress 10.2; 
465 individuals), and hangtrap (3-d stress 15.7; 127 individuals) Note that trees 1 and 8 are 
overlapping in the CD sticky traps. No Hemiptera were found in sticky traps in Tree 5.  

 

Hemiptera for each trap type: The hemipteran fauna was not strongly 

distinct between age classes (Figures 8.45, 8.45, 8.47). In sticky traps, pairs 11-12 and 

13-14 were dissimilar to the other trees and showed a high intra-pair similarity. For 

funnels, trees were intermingled and showed no trends in vectors. Segregation was 

strongest in the hangtraps, in which two groups of old trees formed separate clusters. 

Vectors tended rightwards. A diametrically opposed vector was observed for trees 11-

12, which were also outliers in the sticky traps. 
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Figures 8.48 (left), 8.49 (right), 8.50 (bottom): NMS ordination of trees by Hymenoptera, for each trap 
type. From left to right: CD sticky (3-d stress 12.8; 185 individuals), funnel (3-d stress 11.1; 
331 individuals), and hangtrap (3-d stress 14.0; 139 individuals) 

 

Hymenoptera for each trap type :The hymenopteran fauna was distinct 

between age classes (Figures 8.48, 8.49, 8.50). Age classes clustered together in all 

trap types. In CD sticky traps, vectors tended downwards. Variability in fauna 

appeared similar for each age class. For the funnel traps, variability was again similar. 

With the pair 1-3 as exceptions, 100yr trees grouped in the lower right, and old trees 

in the upper left. In the hangtraps, variability was higher in 100yr trees.  
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Figures 8.51 (left), 8.52 (right), 8.53 (bottom): NMS ordination of trees by Lepidoptera, for each trap 
type. From left to right: CD sticky (3-d stress 0.003; 7 individuals), funnel (3-d stress 9,84; 
166 individuals), and hangtrap (2-d stress 19.3; 215 individuals). No Lepidoptera were 
collected in sticky traps in trees 1,2,4,6,8,9,11, or 13. Note overlap of 12 &14, and 10&5. No 
Lepidoptera were collected in funnel traps in trees 1 or 4.  

 

Lepidoptera for each trap type: NMS ordinations by lepidopteran fauna 

were performed on very low abundances (Figures 8.51, 8.52, 8.53) . Lepidopterans 

were not strongly segregated by age. The catch in CD sticky traps was too sparse to 

generate a useful ordination. In funnel traps old trees tended leftwards and 100yr trees 

rightward. Vectors tended to the upper left. Old tree 10 and 100yr tree 13 were 

outlying from their age class. The hangtrap collection was overlapping between age 

classes. Variability was higher in old trees than 100yr trees. 
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8.9.4 Dendrograms 
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Figure 8.54: Dendrogram grouping trees by total arthropod composition 

 

The dendrograms classifying trees by all taxa showed little distinct clustering 

by age (Figure 8.54). For all traps pooled, trees 13, 15, and 16 formed a sister group to 

all the rest, supporting the NMS evidence showing a distinct fauna for the upper 

northwest study pairs. The pair of 15 with 16 was the only study pair classified 

immediately together. 
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Figure 8.55: Dendrogram grouping trees by CD sticky arthropod composition  

In the CD sticky dendrogram, the study pair of 5 with 6 formed its own group 

(Figure 8.55). The pair of 9 with 10 formed a group with the physically nearby tree 

12, but were categorically distant from its pair of tree 11. Tree 13 was classified as 

distinct from all other trees. Clustering by age was not apparent. 
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Figure 8.56: Dendrogram grouping trees by funnel arthropod composition 

 

The funnel trap dendrogram again shows tree 13 distinguished from all other 

study trees (Figure 8.56). Little clustering by age was apparent. 
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Figure 8.57: Dendrogram grouping trees by hangtrap arthropod composition 

The hangtrap dendrogram showed little structuring by age (Figure 8.57).   

8.10 RTU level morphospecific results 

At an age level, 22 RTU were equally abundant between ages, 146 were more 

abundant in the 100yr collection, and 140 more abundant in the old collection.  

Comparisons of RTU presence at a tree level showed a similar balance. 50 

RTU were equally abundant between ages, 131 were detected in more 100yr trees 

than old trees, and 127 were found in more old trees than 100yr trees.  

T-tests comparing the mean abundance between eight 100yr and eight old 

trees were performed on the 128 RTU that were encountered in more than five 

individuals. To compensate for the expected number of significant results in a large 

number of comparisons, only results with p<0.03 were considered. Five RTU 

exhibited significant differences (Table 8.11): 
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Order Family Species binomial T-test 
prob

Notes on taxa ecological 
niche

100yr Old 100yr Old

Coleoptera Chrysomelidae Sterromela subcostata 7 0 4 0 0.014
Defoliating pest of 
Eucalyptus

Hymenoptera Evaniidae Evaniidae YDB sp.2 3 14 3 6 0.020
Parasite of Blattodea, 
often on tree trunks

Coleoptera Anobiidae Anobiidae YDB sp.01 14 41 6 8 0.026
Dead wood and bark 
borers 

Coleoptera Coccinelidae Rodatus TFIC sp. 01 25 2 7 2 0.026
Predator on Coleoptera 
and Hemiptera

Isoptera Isoptera YDB sp.2 5 14 5 7 0.029
Eusocial, xylophage, 
herbivore

Number of 
trees

Total 
abundance

 
Table 8.11: RTU exhibiting significant differences in mean abundance per tree. Ecological 

niche notes from (CSIRO, 1967) 

RTU significantly more abundant in 100yr trees were Sterromela subcostata, a 

leaf-eating forestry pest beetle (Figure 8.58), and Rodatus TFIC sp. 01, a predatory 

beetle (Figure 8.59). 

Significantly more abundant in old trees were Anobiidae YDB sp.01, a 

saproxylic wood borer (Figure 8.60); Isoptera YDB sp. 2, a winged xylophagous 

termite (Figure 8.61); and Evaniidae YDB sp.02, a wasp parasite of cockroaches 

(Figure 8.62). Cockroaches were insignificantly more abundant in old trees.  

8.58:  8.59:  8.60:  

8.61:  8.62:  

Figure 8.58, Sterromela subcostata; 8.59, Rodatus TFIC sp. 01; 8.60, Isoptera YDB sp. 2; 8.61,  

Evaniidae YDB sp.02; 8.62,  Anobiidae YDB sp.01. Scale = 1mm between blue marks 
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9) Canopy Arthropods – Discussion 
The differences detected in abundance, richness, diversity, and composition of 

canopy arthropods between the two classes are discussed. Overall abundance was not 

higher in the older trees, but is the measure most directly affected by scaling 

considerations. At a more detailed level, different taxa and different placements 

showed significant differences. The weight of evidence indicated a more rich and 

diverse fauna in the old trees. Strong evidence of distinct compositions between the 

age classes was found. These findings are linked to possible determinants of 

biodiversity in older trees: greater size, habitat variety, variety of element ages, and 

dominant position in the canopy. The greater space available in the older trees may 

foster a more diverse fauna by allowing species to avoid competing with each other.. 

Several taxa showed a less variable composition in the old trees and a more variable 

composition in the 100yr trees. This supports the findings of Schowalter (1995) in 

coniferous forests. 

9.1 Abundance of faunal activity 

Ha: Old-growth E. obliqua trees have a more abundant arthropod 

activity than 100 year old trees, i.e more individual arthropod animals. 

Ho: No difference exists in arthropod activity between 100yr old and 

old E. obliqua 

9.1.1 Summary of evidence 

Overall, no significant differences in the total arthropod activity were found 

when comparing ages, for any trap position or for all traps pooled. When investigating 

specific taxa, variation in abundances could be identified. At a placement level, 

several taxa exhibited significant differences in abundance. Five RTU showed 

significant differences.  

Results would be different if scaled up. The old trees were much larger than 

the 100yr trees. If measures such as crown volume or bark surface area were used to 

scale up, abundances would be much greater in old trees. 

 The evidence does not support the rejection of the null hypothesis of no 

difference in abundance between the age classes. 
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 Sufficient evidence exists to suggest more detailed trends, however. Different 

taxa were found in greater abundances in one of the age classes. More individuals of 

mites, beetles, and moths were detected for the same trapping effort in 100yr trees, 

and more spiders, cockroaches, ants, and termites in the old trees. 

Spider abundance has been linked to older forests and architecturally complex 

habitats (Gunnarsson, 1990; McNett & Rypstra, 2000; Pettersson, 1996; Rypstra et 

al., 1999; Sundberg & Gunnarsson, 1994). In agreement with these works, the 

placement level results from the present study of Eucalyptus consistently showed 

more spiders in the older, more complex trees.  

Beetle abundance is higher in old-growth Picea forests than in younger ones 

(Martikainen et al., 2000). Similarly, hangtrap results show a slightly higher 

abundance beetles in the old E. obliqua.  

The higher abundance of mites in the 100yr trees and ants in the old trees is 

unsupported by the encountered literature. It is possible that ant abundance is linked 

to the greater presence in old trees of internal colony sites, i.e. decay and hollows. 

9.1.2 Arthropod activity in 100yr and old trees 

Lawton (1983) identified the size of a tree as a determinant in the number of 

habitats within its crown. Similarly, a larger tree may simply represent a larger 

“island” for an insect species to spread throughout (MacArthur & Wilson, 1967). 

Abundance likely would increase linearly with increase in habitat presence. As 

discussed before, habitat presence might not increase concurrently with any other 

measure of size. Different habitats may increase at different rates. For example, trunk 

interior wood volume does not scale up in step with amount of foliage. 

Overall abundance of arthropod activity was generally similar between age 

classes. However, almost all possible measures of scale determined from the crown 

structural mapping are many times higher than those for the 100yr trees. The relevant 

habitat for certain taxa is likely to be more abundant in these larger trees. Scaling up 

would generate much higher abundance in the old trees. A strong example of this 

situation is reported by Basset (2001). He found a 2.5x  higher abundance of 

herbivores per m2 of foliage beaten on mature trees of Pourouma bicolor than on the 

much smaller saplings. While his results are not scaled up, higher density per unit on 

the larger trees indicates a higher total abundance on the mature trees.  
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Like Hooper (1995), Basset (2001) concludes that arthropod activity would 

diverge further between the age classes if results were scaled up. Using biomass as a 

surrogate for abundance, his results showed that older P. palustra had more activity in 

the entire tree, but less activity per unit of surface area.  

Similar to the present study, Hanuala et al. (2000) viewed the catch from 

funnel traps as a sample of the entire tree (scaling situation A), and therefore did not 

scale up. However, unlike the present study, they placed drift fences around the entire 

circumference of tree trunk. The congruence of their unscaled results with Hooper’s 

(1995) scaled up results indicates that the funnel crawl traps do indeed sample at a 

tree level. Despite the smaller angular coverage of the drift fences in the present 

study, this supports the decision not to scale up results for funnel traps. 

Further difficulties arise in using abundance as a measure of biodiversity. 

Individual animals may utilize trees of different ages at different stages of their life. 

Thunes et al. (2003) found a higher abundance of adult Thysanoptera on old trees, 

whereas the seed feeding juveniles were more abundant in younger trees. It is possible 

that the same Thysanoptera individual utilizes both age classes. 

 

9.2 Richness of fauna 

Ha: Old-growth E. obliqua trees have a richer arthropod fauna than 

100 year old trees, i.e. more recognizable types of arthropods.  

Ho: No difference exists in arthropod species richness between 100yr 

old and old E. obliqua. 

9.2.1 Summary of evidence 

The observed and expected richness was greater in the old trees for hangtraps 

and CD sticky traps, but not for funnel traps. Significant differences in richness were 

not detected at a tree level, but were at a placement level. The majority of significant 

differences at a placement level evidence a richer fauna in old trees.  

Analysis of community structure through rank/abundance plots and species 

accumulation curves suggest a richer community overall in the old trees. 
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A longer singletons tail in the old trees, matched with a shorter doubletons tail, 

can be seen in the rank/abundance plots. The presence of many singletons implies that 

sampling has not been adequate to fully survey the community. Magurran (2004) 

commented that a study in which all species are represented by at least two 

individuals may be deemed complete. In the species accumulation curve, the 

relationship of singletons to doubletons is utilized in estimating the true species 

richness via the Chao 1 formula. Towards the end of the all traps Chao 1 curves, the 

100yr curve appears to have flattened off while the old curve appears to be rising still.  

Furthermore, the curve representing species actually observed is slightly higher for 

the old trees.  

The higher richness in the old CD sticky traps and hangtraps may be due to the 

targeting of aerial taxa, especially Diptera, by the trap type. Because the old trees are 

taller, the upper crown aerial intercept traps may sample an uppermost forest stratum 

that the upper crown traps in 100yr cannot reach.  

Funnel traps present the most contradictory story to the CD sticky and 

hangtraps. The species accumulation curves show a higher potential richness in the 

100yr old trees. One potential explanation is that the trunk and bark fauna of E. 

obliqua is indeed richer in 100yr trees, while the airspace in the crown is richer in old 

trees. The high levels of richness in the funnel traps were due to a few outstanding 

traps. Another explanation is that the sampled area in 100yrs was a larger angular 

proportion in the smaller branches and trunk of 100yr trees. 

The evidence supports rejection of the null hypothesis of no difference in 

richness between the age classes. Analysis of community structure and expected 

richness shows a more divergent picture than the observed species richness.  

9.2.2 Possible determinants of richness 

Despite widespread public opinion that old trees harbour more richness than 

younger trees (Fay, 2002; Green, 2002), few studies have compared arthropod 

richness in trees of different ages while controlling for environmental factors (Thunes 

et al., 2003). 

Simultaneously, Harrison (2004) has found a higher species richness in old E. 

obliqua at Warra than in younger trees of similar age to the 100yr cohort. These 
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complementary results have addressed forests within ten km of each other at Warra 

LTER.  

Like the current study, Thunes et al. (2003) found a higher species richness, 

before scaling down, in old Pinus sylvestris when compared to mature trees. Their 

study design, using pairs of nearby trees, closely parallels that of the present study.  

Several factors may be simultaneously responsible for the higher richness 

observed in the old trees. These factors also contribute to a distinction of fauna 

between age classes. 

1. More habitats and structural features in larger trees 

2. Variety of ages of elements 

3. Less vigorous defence 

4. Dominant position in canopy 

 

More habitats and structural features in larger trees: Lawton (1983) 

discusses the size of a tree as a determinant in the number of habitats within its crown. 

Several structural features form with increasing time (Mackowski, 1984). When 

studying growing trees, it is not always possible to separate the effects of size and 

age. 

Specific features or elements within a tree have been shown to have an 

associated arthropod fauna. Nadkarni & Longino (2001) investigated the fauna in 

suspended soils,  Paviour-Smith & Elbourn (1993) that of dead wood in tree crowns, 

and Ranius (2000) that of tree hollows. Pettersson (1996) linked spider richness to the 

abundance of lichen in Picea. All of these structural features were found more often 

in old trees.  

In addition to the greater variety of habitats caused by the presence of these 

features, several habitats may be more abundant in the older trees. For example, five 

times the volume of dead whole branches was measured in the old trees of this study. 

To animals that see dead wood as the only habitat worthy of consideration, these trees 

represent a more favourable environment. 

Variety of ages of elements: Structural features and elements in older trees 

branches represent a greater range of ages. In the 100yr trees, the live and dead 

branches originate from a regular pattern over a shorter period of time. The oldest 
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possible branch is a century old, but due to branch occlusion in the lower crown the 

oldest remaining branch is certainly younger (Ishii & McDowell, 2001). In the upper 

crown of the 100yr old tree, the presence of an 85 year old dead branch is unlikely. In 

the old trees, live and dead branches originate from different times in the life of the 

tree. In the old trees, the oldest branches in the crown have been present for several 

centuries (Hickey et al., 1998).  

Some organism are associated with features of different ages. Irmler et al. 

(1996) and Rambo et al. (2001) linked older rotting logs on the forest floor to 

increased richness of beetles and bryophytes, respectively. Similarly, Basset (2001) 

found a greater proportion of young tender foliage in the crowns of adult Pourouma 

bicolor than on sapling, and a higher herbivore richness. In agreement with the 

findings of Peeters (2002), he surmises that the increased richness may be to a 

preference or requirement of some species for younger foliage. Waltz & Whitham 

(1997) controlled for environmental factors by investigating the arthropod community 

on Populus in mature and basal resprout foliage within the same tree. The differences 

in fauna suggest that the presence of different aged elements fosters greater species 

richness. 

Research in Eucalyptus forests has shown that marsupials require habitats of a 

certain age. For example, several marsupials require hollows of sufficient age and size 

for them to enter and live (Lindenmayer et al., 1990; Lindenmayer et al., 1997). 

Hollows in the 100yr trees will not be of sufficient age or size for these animals. 

Similar requirements may apply to arthropods. 

Previous utilization by other organisms may be more important than the actual 

age of these older elements. The hollows that the marsupials live in result from 

activity of termites and fungi (Mackowski, 1984; May & Simpson, 1997). In the 

absence of these internal organisms, the hollow may not form or grow over time. It is 

possible that Californian eucalypts will never form hollows in the absence of these 

agents. The mechanical disturbance of dead wood by parrots and cockatoos in the wet 

sclerophyll forests may allow other organisms to colonize.  

Less vigorous defence: In the present study, the higher abundance of ants and 

termites in older trees may indicate more disease and rotten interior nesting sites. A 

wood borer, Anobiidae YDB sp. 1, was associated with the older trees. Younger trees 
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may be more vigorous and therefore can mount a stronger immune defence to 

herbivores, infection and decay (Lowman et al., 1987; Lowman & Heatwole, 1987). 

Organisms such as saproxylic insects are dependant on features which are symptoms 

of poor tree health. The old E. obliqua are invariably rotten and may be riddled with 

decay. Harrison (2004) has identified a higher species richness in the rotten interior of 

older E. obliqua at Warra than the less rotten interiors of younger ones.  

Dominant position in canopy: The old trees were, on average, 15 m taller 

than the 100yr trees and occupy a dominant, emergent position in the canopy (Figures 

9.1, 9.2 ). Trap positions were set relative to proportional crown heights (upper, 

middle, lower crown), rather than to absolute heights in the canopy above the forest 

floor as in Winchester (1997). Shaw (2004), and Basset et al. (2003) discuss the 

vertical stratification in forest canopy arthropod communities. The higher species 

richness detected for in animals such as Diptera, Hymenoptera, and Lepidoptera in the 

upper placements in old trees could be linked to the sampling of a distinct strata above 

the 100yr trees. 

                

Figures 9.1 (left), 9.2 (right): Old E. obliqua are emergent above the average canopy level. Traps in the 

upper crowns of these trees may be sampling from a distinct stratum. 

 

9.3 Diversity of fauna 

Ha: Old-growth E. obliqua trees have a more diverse arthropod fauna 

than 100 year old trees, i.e. a greater quantitative index implying both a 

richer community and more even abundances between morphospecies.   

Ho: No difference exists in arthropod diversity between 100yr old and 

old E. obliqua. 

9.3.1 Summary of evidence 
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Diversity, incorporating both richness and evenness in Simpson’s index 

(Magurran, 2004; Simpson, 1949), was higher in the old trees. Visual examination of 

radar charts shows that for most combinations of alltraps+3 and alltaxa+5, diversity 

was higher in the old trees. At a tree level, CD sticky trap diversity was higher in old 

trees.  At a placement level, all significant (p<0.05) differences indicate a higher 

diversity in the old trees.   

For the funnel traps, diversity at an age level was higher in the old trees for all 

five prominent taxa except Lepidoptera. This was in contrast to the higher RTU 

richness observed in the 100yr funnel traps.  

In the Whittaker rank/abundance plots for all traps, an increased dominance of 

common taxa can be seen in the steeper slope of the 100yr curve. Increased 

dominance means lower evenness, and this less diversity.   

The evidence supports rejection of the null hypothesis of no difference in 

diversity between the age classes.  

9.3.2 Community structure and size 

Community structure of older trees: The results of the present study agree 

with the findings of other studies have also found older trees to have both a more even 

and more species rich community structure. In agreement with the present study, 

Schowalter (1995) found a higher Shannon-Wiener diversity per kg of foliage in 

Oregonian old-growth Pseudotsuga menziesii forest trees than in young plantations. 

Barrios (2003) found mature trees of the Panamanian rainforest tree Castilla elastica 

to have a higher Simpsons D of herbivores than saplings, standardized by area of 

leaves beaten. It is unclear if the results would be similar if scaled up. 

In the funnel traps, the old trees showed a higher diversity despite a lower 

richness. This means that the evenness of the funnel arthropod catch was higher in old 

trees. The community structure may be more even in the larger because there was 

more physical space for animals to co-exist without interacting (Jeffries & Lawton, 

1984). It is possible that trunk surface area is an appropriate measure of the habitat 

size. 

Bigger may mean more diverse by virtue of space: The size of plants may 

foster a more even community structure (Floater, 2001). Haysom & Coulson (1998) 
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found a positive correlation between the height of Scottish heath Calluna vulgaris 

stands and sweep netted diversity (1/Simpsons) of Lepidoptera. In the present study, 

the taller, older trees showed a more diverse fauna. Like a larger island, a larger plant 

has more space to be filled by species (MacArthur & Wilson, 1967). With more space 

to disperse, evenness could increase because of decreased species interactions. In 

smaller spaces, strong dominant species may have more contact with less dominant 

species. They would therefore suppress them more effectively than in a larger space, 

where less dominant species may be able to find a place with less competition stress. 

Diversity and Chao 1 richness estimator are linked:  True richness and 

diversity will generally be positively correlated. A community with a higher Chao 1 

estimate of true richness will also show a higher diversity index. This was observed 

for both the CD sticky and hangtraps Chao 1 estimator of true species richness rises 

with increased abundance of singletones, animals caught only once (Chao, 1984; 

Colwell, 2004). A large quantity of singletons can raise a measure of evenness, as all 

of these species were observed by a similar amount of individuals. They will also 

lessen the dominance of a single species. The long singletons tail will lessen the slope 

of a Whittaker rank-abundance plot.   

Diversity indexes vulnerable to hyper-abundant taxa:  The abundance of 

sciarid Dipterans may suppress the diversity indexes from the present research. A 

community with higher species richness may not have a higher diversity. This was 

observed in the funnel traps of the present study. The evenness aspect of a diversity 

index is vulnerable to hyper-abundant taxa. The community structure of a very rich 

community may also be very strongly dominated by a few species. For example, 

Abbott et al. (1992) collected outbreak levels of the gum leaf skeletonizer pest, Uraba 

lugens (Lepidoptera) on Eucalyptus foliage. The presence of these extra-abundant 

animals would strongly decrease the evenness of their collection. 

 This mathematical decrease would also be exacerbated by the trophic 

competition from the animals with high abundance. Their high abundance may be 

suppressing the numbers of other taxa in reality, as well as mathematically. A single 

abundant species can therefore strongly leverage the diversity index downwards. On a 

Whittaker rank-abundance plot, this would be represented by a very high, steep slope 

on the left.   
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9.4 Distinctness of fauna 

Ha: Old-growth E. obliqua trees have a distinct arthropod fauna from 

100 year old trees, i.e. the composition of animals differs.  

Ho: No difference exists in arthropod composition between 100yr old 

and old E. obliqua. 

9.4.1 Summary of evidence 

The age classes showed distinctions arthropod communities when viewed at a 

placement level, or when viewed via NMS ordinations which allow identification of 

environmental factors. Dendrogram and MRPP techniques pooling all taxa showed 

little distinction between the ages at age level. At a trap level and placement level, 

MRPP detected differences in composition between ages. 

NMS ordinations allow for a more detailed analysis. Several taxa and trap type 

combinations showed a clustering in NMS that was not tested or detected by MRPP or 

dendrograms. The five most prominent taxa were treated separately. Regional 

differences were apparent in the clustering of trees in physical proximity. Strong 

differences in composition were observed for Coleoptera, Diptera, and Hemiptera. 

Funnel collections showed the clearest distinctions in fauna, and the most. 

For the funnel trapped Hymenoptera and Coleoptera, and the sticky trapped 

Hymenoptera and Coleoptera, a strong parallel shift in composition was noted 

between the tree ages. This effect would have been undetected except for the study 

design pairing the trees to control for environmental effects.  

The evidence supports rejection of the null hypothesis of no distinction in 

fauna between 100yr and old tree. The composition of RTU communities is, for some 

aspects, distinct between the age classes. Examining different combinations of trap 

types and taxa exposes several strong distinctions. Environmental and spatial factors 

can mask the differences between age classes. 
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9.4.2 Age related distinction of fauna is distinct from other sources of 

variability: 

In concordance with the results from the present project, Harrison (2004) has 

found a distinct saproxylic beetle fauna associated with the interiors of old E. obliqua 

at Warra.  

Several other studies have found distinct faunal communities between forests 

or trees of different ages. Schowalter (1995) distinguished a characteristic old-growth 

forest community in western American coniferous forests. Martikainen et al. (2000) 

found a distinct saproxylic beetle community in old spruce forests when compared to 

managed younger forests. Sippola (2001) found distinctions in species composition 

between old, unmanaged boreal forest and younger, managed forests. 

The factors involved in determining differences in taxonomic composition 

mirror those that determine richness. Richness may be driven by specialist fauna, 

which will distinguish the total fauna of the entire tree. Conversely, species that may 

contribute to overall richness but were not confined to one age class will blur 

distinctions in fauna. For example, if a species is only found in association with the 

dead tops of old Eucalyptus, then this taxa would contribute to distinction between 

age classes. 

Geographic effects will mask other effects:  Environmental and geographic 

effects may mask other patterns in composition. For example, the results for funnel 

traps show a parallel difference in composition between ages. If study trees were not 

selected in pairs, this spatial effect would mask the observation of an age effect. When 

comparing canopy arthropods of different forest stands, careful study design and 

replication is necessary (e.g. Schowalter, 1995). Previous studies have 

pseudoreplicated forest age and it is impossible to tell whether differences are actually 

due to environmental effect (Martin, 1966; Neumann, 1978).  Studies of very mobile 

taxa such as Diptera may be more subject to this geographic effect than less mobile 

taxa such as Isoptera. 

Richardson et al. (1999) quantified this geographic change by assessing 

canopy faunal similarity along linear distance for Melaleuca. Similarly, Burgman &

Williams (1995) reanalysed the foliage clipping collections from E. marginata of 
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Abbott et al. (1992) on a 2-dimensional geographic matrix and find an effect at the 

kilometer scale. 

 In the NMS ordinations of the present study, trees 13, 14, 15 and 16 often 

showed that they were more similar to each other than to the other trees. These trees 

were closer to each other than to the other study trees and provide evidence of a 

strong spatial effect. 

In contrast with the present findings, Thunes et al. (2003) found tree age and 

structural descriptors were not as strong in determining overall arthropod composition 

in Norwegian  P. sylvestris as environmental variables such as soil nutrition and 

topographic position. Their studies, like the present study, controlled for 

environmental variation by comparing pairs of old and mature trees.  

Thunes et al. (2003) attributed some of the changes in species composition 

between study regions to differences in tree vigour. In the E. obliqua in the present 

study, the 100yr trees were much more vigorous than the old trees. Reid & Robb 

(1999) link coniferous tree vigour to the presence of a bark beetle pest, and Stone & 

Bacon (1995) describe a cycle in which drought stressed E. camaldulensis  are more 

susceptible and to and is further stressed by herbivory. The combination of 

geographic effects and stress can further overshadow the differences between tree 

ages. 

In the present study, the understorey and mid-canopy rainforest trees were not 

measured as predictor variables for the composition of arthropods. It is possible that 

the neighbouring plant species determines faunal composition more strongly than the 

structural factors measured. The rainforest understorey, botanically linked to the 

ancient supercontinent of Gondwana, has distinct arthropod elements from the 

Eucalyptus trees. (McQuillan 1993).  

Intra crown variability will mask inter crown difference: Variability of the 

fauna within the tree crown may also mask differences between trees (Majer et al., 

1990). For example, in the present research, the funnel trap results pool trunk traps 

with both live and dead branches. Viewed as a regime, interpretations may differ from 

if they are viewed separately. If any systematic difference between these three trap 

locations exists, they will increase the variability detected within each tree and 

therefore lessen the ability to detect differences between trees. The high intra-crown 
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variability of Eucalyptus canopy invertebrates found by Majer et al. (1990) may 

suppress the detectability of inter-crown differences.  

Evidence in the MRPP analysis from the present research shows this masking 

was occurring. MRPP comparisons at a tree level showed little differences between 

ages. However, at a placement level, different habitats were more effectively 

partitioned. With the masking effect controlled, more differences between ages 

appear. 

Foliage may be the least variable of habitats: Fowler (1985) found a high 

overlap in phytophagous fauna in Betula foliage between seedlings, saplings, and 

trees. Most species found on seedlings and saplings were detected in the tree foliage. 

He reported on the similarity of habitat, as viewed by herbivores, between the age 

classes. Further, the proximity of the trees to seedlings may result in animals living in 

the habitats of trees feeding on the saplings.  

At the intra-tree scale, Waltz & Whitham (1997) found a distinct fauna on 

younger foliage. In larger trees, young foliage may be more abundant (Basset, 2001). 

Because young foliage is present in both age classes, this would mask other 

differences. 

One age class may be less variable than the other: Variability in the 

Coleoptera, Hymenoptera, and Lepidoptera composition was higher in the 100yr 

trees. For these taxa, old trees showed a consistent community of arthropods with 

100yr trees showing a wide range of partially related communities. The old trees were 

more similar to each other than the 100yr trees were to each other. This pattern can be 

observed most strongly in the CD sticky and hangtrap Coleoptera fauna. NMS 

ordination for these trap types shows that the differences between age classes were 

not parallel, and that 100yr trees were highly variable in different ways when 

compared to the similarity between old trees. The old trees clustered in the middle and 

the 100yr trees were arrayed around them.  

 These match the findings of Schowalter (1995). In coniferous Pseudotsuga 

menziesii/Tsuga heterophylla at the H.J. Andrews LTER in Oregon, he found a 

distinct, consistent community on the foliage of old-growth forest trees. The trees in 

younger forests harboured a subset of the old-growth forest community, but with 

more variability in composition. The older forest replicates were more similar to each 
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other than the younger forests were to each other. This pattern also appears at a tree 

scale- old Eucalyptus trees in the same forest are more similar to each other, for some 

taxa, than the 100yr trees are to each other. 

By extension, following Ishii & McDowell’s (2001) analogy of older 

branches with older forests, the hypothesis can  be formed that old branches in the tree 

crown will have a consistent, less variable fauna relative to the younger branches. 

Waltz & Whitham (1997) have found the herbivore communities within Populus 

crowns to be different on mature and juvenile branch suckers, and Clement & Shaw 

(1999) found large, old branches to support the biodiversity of epiphytes in 

Pseudotsuga. It remains to be tested if younger, smaller branches support a subset of 

the biodiversity associated with larger, older branches. 

The more structurally variable old tree crowns have a less variable fauna 

than the more structurally consistent old trees: This pattern is in diametric 

opposition to the findings that crown structure in the old trees is highly variable. It is 

counter-intuitive that trees with divergent crown structures have convergent animal 

communities. The reasons for this remain unclear. A possible explanation for the 

results of the present study could that all of these animals live on the old trees, and 

only visit the 100yr trees on occasion. In analogy, the possums that are often in the 

hollows of old eucalypts could sometimes be detected in younger trees (Gibbons & 

Lindenmayer, 2002).   
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