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Part A: 

My experience at Danau Girang Field Centre (DGFC) has been one I am unlikely to forget. Moving 

to Borneo for a year was a daunting decision, but I cannot speak highly enough about the 

experiences I’ve had here. Less than two months in I was given the opportunity to act as veterinary 

assistant during a clouded leopard collaring procedure and it is still one of the highlights of the 

year. Seeing elephants crossing the river several times this year was another highpoint and seeing 

them come right up to the centre gave me a new-found pride for working at a place where the 

people work so hard to protect the little habitat these animals have left. I have had the opportunity 

to learn about tagging crocodiles and witness first-hand the fascinating nature of these animals. 

With another PhD student (Richard Burger) we were able to regularly handle and process 

reticulated pythons and learn the difficulties of studying such an elusive and difficult to tag animal! 

Visiting film crews showed the difficulties of filming wildlife and the importance of showing this 

wildlife in its natural environment to encourage protection of this habitat. This has developed my 

interest in the media side of conservation and has opened my mind to possible future options. 

Through helping with the projects here I have gained experience in a range of scientific methods 

such as camera trapping, VHF tracking and GPS tracking. Regularly tracking pangolins and briefly 

a tarsier and slow loris has presented the difficulties of tagging and tracking, but the importance of 

understanding these animals. Camera trapping was a large part of this year and was my favourite 

research method due to its non-invasive nature. The ability to see what animals are doing when 

undisturbed by humans is a great privilege and is why I decided to use camera trapping as the 

method for my project. Taking part in a ‘Remote First Aid, AED & Search and Rescue’ course was 

another great opportunity, providing a fun way to learn about avoiding and dealing with the dangers 

of living in a rainforest.  

The responsibility of running field course activities such as bird boats, primate boats, forest walks 

and canopy platform has increased my confidence and leadership skills. Co-writing the monthly 

newsletter ‘Jungle Times’ and having to regularly present our projects to field courses has 

improved my written and spoken communication. Extra responsibilities such as filling in equipment 

hire spreadsheets, organising the library and cleaning the lab has improved organisational skills. 

Regularly using computer programs such as Digikam, Rstudio, EasyUSB and ImageJ has enabled 

me to improve my scientific skill set. 

Thank you to everyone at DGFC who made it such a wonderful year and provided insight into the 

life of a researcher and an understanding of how difficult but rewarding it can be. 
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Part B: Use of natural hollows by wildlife in a degraded forest of the Lower Kinabatangan 

Wildlife Sanctuary (LKWS) 

Abstract 

Tree hollows are an understudied habitat in the Lower Kinabatangan Wildlife Sanctuary (LKWS). 

They are utilised by a variety of animal taxa as sleeping sites (e.g. Manis javanica), foraging sites 

(e.g. Mydaus javanensis) and as shelter and food for invertebrates. Animals that may use these 

hollows have important functions in the ecosystem as both predator and prey species, as well as 

assisting seed dispersal. The LKWS is made up of degraded secondary forest, and animals in this 

human-altered landscape are exposed to the surrounding oil palm (Elaeis guineensis) plantations 

and human disturbance. Making these surrounding areas more habitable to some species could be 

a way of protecting them. Research aims were to collect environmental characteristics of hollows 

utilised by animals and to identify what ecosystem service these hollows may hold. The data was 

used to identify parameters important in selection for use by various species. After six weeks at 

each hollow, cameras were collected, and data analysed. Environmental surveys were carried out 

within a 5-metre grid around each hollow and numerous habitat variables were recorded. Over the 

entire study period a total of 412 visits from 15 groups of taxa over 1839 trap nights were recorded. 

Variables found to significantly influence the number of total visits by all animals were hollow 

length, canopy height, vine score and number of surrounding hollows. The results indicate that 

hollows are an important micro- habitat for a range of species. When suggesting dimensions for 

artificial hollows the results indicate that there is no need to create habitats of different dimensions 

for different species. If animals use artificial hollows, this could have a positive impact on the 

survival chances of the species in the LKWS and be a useful conservation tool in plantations and 

regenerating areas of forest where these habitats do not yet exist. 

1. Introduction 

1.1 Background 

Unsustainable exploitation of natural resources such as forests is one of the main contributing 

factors of the “sixth mass extinction” currently faced (Abrams et al. 2018). Deforestation rates in SE 

Asia are some of the highest globally and Malaysian Borneo, specifically Sabah, has been subject 

to continual industrial forest clearance, predominantly for the large-scale conversion of forest to 

agricultural plantations (Reynolds et al. 2012; Hughes, 2017).  

One of the major drivers of forest conversion are plantations of oil palm (Elaeis guineensis), 

resulting in the clearing of many lowland forests, such as the Lower Kinabatangan floodplain in 

Sabah (WWF Forest Information System Database, 2000). In 1996, the floodplain of the 

Kinabatangan river held 28% of all of Sabah’s palm oil (Hai et al. 2001). However, in 2002 the state 

government made 27,000ha of the remaining forest into the Lower Kinabatangan Wildlife 
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Sanctuary (LKWS) (McMorrow and Talip, 2001). The LKWS is made up of 10 forest blocks, of 

which some are connected by riparian forest that acts as a wildlife corridor (Ancrenaz et al., 2004; 

Goossens et al. 2005). Well-connected wildlife corridors allow animals to disperse and are 

important for habitat connectivity (Gregory et al. 2014). Fragmentation results in wildlife being 

exposed to unnatural habitat such as oil palm plantations which may alter ecological pressures, 

make animals easier targets for hunters and increase threats of competition and predation (Peyras 

et al. 2013; Gregory et al. 2014). The LKWS is a prime example of a fragmented rainforest that has 

been degraded due to previous selective logging (McMorrow and Talip, 2001). 

Selective logging has reduced the abundance of larger, older hardwood trees within forests 

worldwide (Goldingay et al. 2015). This may decrease the abundance of larger down woody 

material (DWM), which is a critical resource in forested ecosystems (Abbott and Crossley, 1982; 

Sippola et al. 2001; Karjalainen and Kuuluvainen, 2002; Stares et al. 2018). Logging is also likely 

to reduce the number of natural cavities (Warakai, 2013). DWM can facilitate establishment of tree 

seedlings, reduce soil erosion, and contribute to soil productivity (Bate et al. 2008; Rea, 2012 

Buettel et al. 2017). DWM encourages growth of saproxylic fungi (Buettel et al. 2017), encouraging 

insects on which small mammals prey (Carey and Johnson, 1995). As well as aiding seed 

dispersal (Brewer and Rejmánek, 2009), the presence of small mammals in an area will later 

encourage the larger predator species that feed on them (Aschwanden et al. 2007). Because of 

this, DWM can increase the overall productivity of a forest (Stares et al. 2018). 

1.2 Hollows as habitat 

Although hollows have not been extensively studied in the LKWS, or even more widely in South 

east Asia (Liu et al. 2018), hollow bearing trees have been studied extensively in Australia, as they 

provide important habitats for Australian fauna (Dickman 1991; Durant et al. 2009; Treby et al. 

2014; Vickers et al. 2014; Goldingay et al. 2015). Previous studies have focused more on tree 

hollows used by arboreal mammals rather than ground level tree hollows and fallen hollow logs 

(McComb and Noble, 1981; Robb et al. 1996; Smith and Agnew, 2002; Warakai et al. 2013; Treby 

et al. 2014; Goldingay et al. 2015; Figueroa-de-leon et al. 2016). Research in Australia has shown 

that forest types with dense mid-level foliage and abundant hollow logs and leaf litter had the 

greatest mammal richness and abundance, and it has been suggested that these areas are crucial 

to the survival of local mammal populations (Friend and Taylor, 1985). In the different environment 

of the LKWS, studies of this nature could be important for carrying out future conservation 

strategies. 

Hollow logs can be used as sleeping sites, as shown by the recent detection of a critically 

endangered Sunda pangolin (Manis javanica) in a hollow log in the same area around Danau 

Girang Field Centre (DGFC) as the other hollows identified for this study (Figure 1a). A researcher 

at DGFC also identified hollows as a habitat used by reticulated pythons as both nesting and 
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resting sites when tracking tagged animals. They have also been found in hollows by plantation 

workers (Figure 1b). Logs can benefit species such as reptiles and amphibians as sunning and 

lookout posts, and small mammals for escape and shelter when the animal can get inside or under 

the log (Bate et al. 2008; Buettel et al. 2017; Stares et al. 2018). It has also been suggested that 

the dimensions of these fallen logs may be an indicator as to their use in the ecosystem (Bate et al. 

2008). As well as the decrease in availability of other uses for logs, the reduction of older 

hardwood trees may also create a shortage of hollow logs and tree cavities (Goldingay et al. 2015). 

This could be the case in the LKWS seeing as it was selectively logged (McMorrow and Talip 

2001). Hollows can offer important habitats for a range of species, including small mammals which 

may use them for foraging, predator protection, resting, nesting or sleeping (Treby et al. 2014).  

Figure 1a (left): Sunda pangolin sleeping in hollow log 
A tagged Sunda pangolin that was tracked using VHF radio and found sleeping in a fallen hollow tree in the 
forest surrounding DGFC. Although not found in one of the hollow logs used for this study, it indicates the 
importance of these micro- habitats in this area for critically endangered species. (Photo courtesy of Jamie 
Owen)  
Figure 1b (right): Reticulated Python in hollow log 
Reticulated python found with eggs in a hollow within Hillco plantation. (Photo courtesy of Richard Burger) 
 

1.3 Aims 

The purpose of the study is to identify the animal taxa using hollows and to investigate whether 

there are specific characteristics of hollows and their surroundings that make them a preferred 

habitat.  

The study will aim to answer the following questions:  

• What species are using natural hollow logs in the LKWS? 

• What are the hollows being used for? 

• Will different taxa show evidence of selection for hollows with different dimensions and 

surrounding habitat? 
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• Could the data be used to suggest dimensions for the design of artificial hollows that could 

be implemented as a conservation tool? 

 

2. Materials and Methods 

2.1 Study site 

To choose the study site, a point was selected from a map showing the forest surrounding DGFC 

which was >50 metres away from any trails. An additional eight points were placed approximately 

50 metres away surrounding the central one.  

 

 

 

 

 

 

 

 

 

  
 
 
 
 

Figure 2: Study site and location of 60 hollows identified in the forest surrounding Danau Girang Field 
Centre, LKWS (QGIS development team, 2019). 
 

Hollows were searched for on foot within a 25-metre radius of each of the nine points, using the 

same handheld GPS each time. Points were chosen using this method until 60 hollows had been 

identified. Hollows with an entrance circumference of >10cm and a depth >20cm, were included 

due to the assumption that camera traps would not trigger for anything entering hollows smaller 

than that. Due to the study being focused on ground level hollows, all hollows were within 

approximately one metre of the ground as this was considered sufficient to differentiate between 

ground level and arboreal hollows (Koch et al. 2008). The final site locations can be seen in Figure 

2. 
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2.2 Camera trapping 

One Reconyx PC800 Hyperfire Professional IR camera was set up facing the main entrance to 

each hollow (Figure 3), allowing extended periods of observation with minimum disturbance from 

human interference (Vickers et al. 2014). Motion sensors were set to high sensitivity and five rapid-

fire photos taken with each trigger with no quiet period. Each hollow was surveyed for six weeks, 

that being the appropriate time frame due to financial and timing constrictions. The 60 hollows 

were monitored in groups of 20 due to limited number of camera traps. Twenty of the hollows had 

EL-USB-2 RH/TEMP data loggers placed in them for the duration of camera trapping to record 

temperature and relative humidity.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Camera trap set up on hollow site NHL 60.  
 

2. 3 Environmental Surveys 

To evaluate the habitat directly surrounding the logs, 5 x 5 metre plots were measured with the 

main entrance of the hollow at the centre of the plot, and the following habitat variables were 

recorded: canopy cover, canopy height, understory density, mid-story density, percentage ground 

cover, ground cover depth, leaf litter depth, number of trees (large, medium, small), number of 

fallen trees, number of surrounding hollows, sapling score and vine score. Log variables measured 

were: hollow length, entrance height, entrance width, decay level, number of entrances and 

whether it was in a fallen or standing tree. To measure percentage of canopy cover, photos were 

taken of the canopy at the centre and each of the four corners of the plot with the camera held at 

breast height, perpendicular to the ground and orientated in the same direction (i.e. North) for each 

photo. The same camera was used for all plots so that field of view and pixel resolution was 

standardised (Abrams et al. 2018). The software ImageJ was used to analyse the photos and 

create a percentage value (Schindelin et al. 2012). Using a clinometer, the angle to the canopy top 

was measured. A tape measure was used to record the distance from the location the angle was 

taken, to the base of the tree. Heights were later calculated trigonometrically using the equation 
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=(distance*TAN(RADIANS(angle)))+eye height (Hunter et al. 2013). Within each plot 2-3 values 

were recorded and used to produce an average canopy height for each site. 

Vegetation density was measured using the vegetation density stick (figure 4). One person stood 

at the centre of the plot and took a photo of the stick being held horizontally at understory level 

(knee height) and then again at mid-story level (chest height) by another person at each corner. 

Later, the number of black stripes visible in the photos were counted and a percentage value 

calculated. Using an average of the four photos for each level, a mid-story and an understory value 

was calculated for each site.  

Figure 4: Vegetation density photos 
Example of an understory density photo (4a) and mid-story density photo (4b). Photo taken in the field and 
then later analysed to count number of visible black stripes. A percentage value was obtained for each 
corner and an overall mean percentage value calculated from the 4 values from each site. 
 

Ground cover was measured by placing a 1m2 quadrat in each corner and the centre of the plot 

and estimating percentage coverage. To secure a standard of the collected data, data collection 

and analysis was executed by the same person each time. Ground cover depth was measured 

using a ruler placed vertically in each corner and the centre of the plot and measuring the height of 

the shrubbery. Anything 50cm and above was classed as understory rather than ground cover and 

was recorded as 50cm. For each of the five quadrats at each site, an average value was 

calculated. Using those averages, an overall ground cover value was produced for each site. The 

same was done to evaluate leaf litter depth. A ruler was used to measure the depth of the leaves at 

each corner and the centre of the square and averaged the overall value for each site from the five 

quadrats. Trees were counted and categorised into large (>125cm DBH), medium (31-125cm 

DBH) and small (10-30cm DBH) size classes (Carey and Johnson,1995) The number of fallen 

trees and number of surrounding hollows were also noted. Hollow variables that were measured 

included hollow length (cm), entrance width (cm) and height (cm), number of entrances, and 

whether the hollow was in a standing or fallen tree. Hollows with a length of 175cm and above 

were recorded as 175cm due to difficulties in measuring anything longer. Sapling score, vine score 

and decay level were all scored on a 0-5 scale by the same person consistently to standardise 

4a

) 
4b

) 
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results. Temperature and humidity data was downloaded from the EL-USB-2 data loggers using 

the EasyLog USB application. 

2.4 Camera trap data analysis 

When analysing camera trap images, the following criteria were recorded in an excel spreadsheet: 

- Site 

- Species 

- Entrance time (recorded as time of first entrance to log, or for investigative visits the first 

time the animal showed direct interest in hollow) 

- Exit time  

- Category of visit (nesting//investigating/foraging) 

Initially the categories of visit were 1) investigating (animal did not enter the hollow but showed 

interest in it by either partial entry or investigating the entrance) 2) nesting (repeat visits to young 

identified as being in the hollow for some duration of growth) and 3) foraging (any other entry). 

However, after reviewing the camera trap images it became apparent that identifying the behaviour 

of the animal was not possible, so the foraging category was changed to entrance/exit (any other 

entry) to avoid confusion.  

2.5 Statistical Analysis 

All analysis of data was carried out using statistical software R (Version 3.4.3, R Core Team 2017). 

Significance of all statistical tests were accepted at an α level of 0.05. 

Due to the dependent variable being an integer count, a Poisson GLM (link function = log) was 

considered the most appropriate statistical test to test for variables influencing total visits by any 

animal to the hollows. However, this showed over dispersion (Theta = 5.27) so standard errors 

were corrected using a quasi-GLM model. Using the drop one function with single term deletions of 

non-significant variables using the chi square test, the remaining significant variables were 

identified.  

Using presence/absence data, a binomial GLM (link function = logit) was carried out for each of the 

most frequently visiting taxa, Tupaiidae (treeshrews), Mydaus javanensis (Malay badgers) and 

Sciuridae (squirrels). A binomial GLM with proportional data (link function = logit) was carried out to 

see what variables were associated with a higher proportion of entrances/exits over total visits 

(entrances/exits and investigating visits combined). The categorical variables of decay level, 

sapling score and vine score were not included in these models due to insufficient data across 

scores of each value. The likelihood ratios were compared between the model and the null model 

to calculate the McFadden’s R squared value. 



Elizabeth Witcombe BI9999 Report C1615007 

11 
 

To investigate any correlation between variables, a Principal Components Analysis (PCA) was 

carried out for the habitat variables that could potentially be controlled when developing and 

placing artificial hollows: mid-story density, understory density, hollow length, entrance width, 

number of entrances, entrance height and sapling score and surrounding hollows.  

Due to temperature and humidity data only being collected from a small number of hollows, it could 

not be included in the Poisson or binomial GLM models. Therefore, separate Kendall’s tau-b 

correlation tests were carried out to test for associations between average temperature and 

humidity and number of total visits. 

3. Results 

3.1 Camera trap data 

Of the 60 cameras, 52 were operational and resulted in 1839 total active trap nights. Of the 52, 28 

were operational for the entire 6 week period whilst the remaining 24 provided partial data. Only six 

of the 52 operational sites showed no visits from any animal. In total, 15 groups of taxa were 

identified using the hollows with a total of 412 visits (table 1). Fauna utilising the hollows most were 

treeshrews (26.7% total visits), badgers (17% total visits) and squirrels (17% total visits). Of the 

412 visits, seven were by unidentified animals. 

Table 1: Taxa identified using hollows - Total visits from all taxa to the 51 monitored hollows over the 
entire study period. 

 

Taxa Total 

visits  

Bearded pig (Sus barbatus), 12 

Malay badger (Mydaus javanensis), 70 

Crested fireback (Lophura ignita) 4 

Macaque species (Macaca fascicularis, Macaca nemestrina) 8 

Civet species (Viverra tangalunga, Paradoxurus hermaphroditus and 

Hemigalus derbyanus) 

22 

Cobra (Naja sumatrana ) 1 

Malay weasel (Mustela nudipes) 4 

Mongoose species (Herpestidae) 22 

Monitor lizard (Varanus salvator) 20 

Moonrat (Echinosorex gymnure) 8 

Rat species (Rattus), 51 

Sunda pangolin (Manis javanica) 2 

Mouse deer (Tragulus napu) 2 

Squirrel species (Sciuridae) 69 

Treeshrew species (Tupaiidae) 110 
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Unidentified  7 

All 412 

 

Of the 412 visits, 202 were investigative visits and 210 were visits where animal was spotted either 

entering or exiting the hollow.  

3.2 Environmental survey data 

3.21 Variables significantly associated with number of total visits  

The final quasi-poisson model investigating variables that influenced number of total visits showed 

the only significant hollow variable to be hollow length (Estimate = 0.01213, t value= 4.524, p 

value= 4.90e-05), with other significant variables being canopy height (Estimate = 0.08349, t 

value= 4.788, p value= 2.11e-05), surrounding hollows (Estimate = -0.61132, t value= -3.568, p 

value= 0.000915) and a vine score of 4 (Estimate = -0.81842, t value = - 3.114, p value = 

0.003315). Pseudo-R2 (explained deviance) = 0.72. A greater hollow length, increased canopy 

height, fewer surrounding hollows and a vine score of 4 are associated with a greater number of 

total visits.  

Figure 4 shows model predictions of effects of hollow length on total visits. The actual values (blue 

circles) do not always match the predicted values of the model (red line) due to the parameters of 

the other variables being set at their mean values. Canopy height mean= 15.265, surrounding 

hollows mean = 0.4117647, vine score only significant value = 4). 

Figure 4: Hollow length and total visits 
A graph showing the models expected values (red line) for total visits as hollow length changes compared 
with the actual recorded values (blue circles). The model predicts that an increase in hollow length results in 
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a slight increase in total visits when other significant variables are set at their average values. Standard error 
lines are shown in pink. 

 
3.22 Are there individual criteria for different taxa? 
 

None of the habitat or log variables were found to be significant in influencing the presence  

or absence of treeshrews from a hollow. Table 2 shows the AIC and Mcfadden’s R-squared values 

before and after stepwise deletion using the chi-squared test, and of the null-model.  

 

Table 2: Treeshrew presence/absence, starting, finishing and null-model AIC and Mcfadden’s R-squared val

ues 

 Before stepwise deletion After stepwise deletion Null-model 

AIC 88.501 69.504 70.31 

Mcfadden’s pseudo-
R2 value 

0.2044785 (df=18) 0.0410769 (df=2)   

 

Increased percentage ground cover (Estimate = 0.21800, z-value = 2.632, p-value = 0.00849), few

er surrounding hollows (Estimate = -0.81199, z-value = -1.888, p-value = 0.05904), 

the hollow being in a standing tree (Estimate = 2.09999, z-value = - 2.726, p-value = 0.00641) and 

an increased number of medium trees (Estimate =0.73044, z-value = 2.006, p-value = 0.04485) inc

reased the likelihood of squirrel presence in a hollow. Table 3 shows the AIC and Mcfadden’s R-sq

uared values before and after stepwise deletion using the chi-squared test, and of the null-model. 

 

Table 3: Squirrel presence/absence, starting, finishing and null-model AIC and Mcfadden’s R-squared value

s 

 Before stepwise deletion After stepwise deletion Null-model 

AIC 63.857 55.987     71.737 

Mcfadden’s pseudo-
R2 value 

0.5744746 (df=18) 0.3405673 (df=5)  

 

An increased understory density (Estimate = 0.04639, z-value = 1.923, p-value = 0.05451)  

and larger entrance width (Estimate = 0.17025, z-value = 2.160, p-value = 0.03075)  

increased the likelihood of badger’s presence in a hollow. Table 4 shows the AIC and  

Mcfadden’s R-squared values before and after stepwise deletion using the chi-squared test, and of 

the null-model. 

 

Table 4: Badger presence/absence, starting, finishing and null-model AIC and Mcfadden’s R-squared values 

 Before stepwise deletion After stepwise deletion Null-model 

AIC 71.492 56.751 68.223 

Mcfadden’s pseudo-
R2 value 

0.5490875 (df=18) 0.2336425 (df=3)  
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3.22 Entered vs Investigated 

 

The results of the binomial GLM with proportional data for entrance/exits over total visits 

(entrance/exits and investigative visits combined) showed hollow length to be significant (estimate 

= 0.017965, z value = 1.993, p-value = 0.0463) when surrounding hollows and canopy height were 

included in the model. Mcfaddens pseudo-R2 = 0.1007086 (df=4). A Shapiro- Wilk normality test 

was carried out to test for model validation (W= 0.92228, P-value = 0.005054). 

 

Figure 5 shows model predictions for proportion of actual entrances/exits over total visits 

(entrance/exits and investigative visits combined). The actual values (blue circles) do not always 

match the predicted values of the model (red line) due to the parameters of the other variables 

being set at their mean values. (surrounding hollows mean = 0.4117647, canopy height mean = 

15.265). This could also be because hollow length was only slightly significant. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Proportion of entrance/exits with hollow length 

A graph showing model predictions for proportion of entrances/exits as hollow length increases. Actual 

values (blue circles). Predicted values (red line). 
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3.23 Associations among variables 

 

The biplot in figure 6 shows the loadings of the variables against Principal component 1 (PC1) and 

2 (PC2) simultaneously. Mid-story density, understory density, hollow length, entrance width, 

number of entrances, entrance height and sapling score are all associated with each other. As they 

increase, number of surrounding hollows decreases.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6: Biplot 
Biplot showing loadings of variables against PC1 and PC2. 
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A scree plot was produced to find the proportion of variance in each principal component (figure 7). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7: Scree plot  
Scree plot to look at proportion of variance in each PC. 
 

Component 1 and 2 were used in final analysis and they accounted for a cumulative proportion of 

variance of 49%. Figure 8 shows Boxplots were created to plot Component 1 and 2 separately 

against hollows that had visits from the most frequently visiting animals: treeshrews, squirrels and 

badgers. (Figure 8a = Comp.1, Figure 8b = Comp.2) 

Figure 8a: Component 1 Boxplot   
Boxplot comparing Component 1 eigenvalues for badgers, squirrels and treeshrews. 
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Figure 8b: Component 2 Boxplot 
Boxplot comparing Component 2 eigenvalues for badgers, squirrels and treeshrews. 

 

There was no statistically significant difference between the eigenvalues of the three species for 

component 1 or 2, as determined by ANOVA (Comp.1: P-value = 0.34, F value = 1.0867, df = 2; 

Comp.2: P-value = 0.72, F-value = 0.3296, df = 2).  

 

3.24 Temperature and Humidity 

 

A Kendall's tau-b correlation test between average temperature and number of total visits showed 

no association between variables (τb = 0.2076129; P-value = 0.08). The same test for humidity 

and total visits also showed no association (τb = 0.303964; P-value = 0.24). 

 

4. Discussion 

This study on the usage of hollows provides first insights on what fauna use hollows and what 

environmental characteristics of hollows result in them being a desirable habitat in the LKWS. It 

was expected that the hollows would be a frequently used habitat, and with animals being 

observed in 88% of successfully monitored hollows, this expectation was met.  

4.1 What species are using natural hollow logs in the LKWS? 

Consistent with studies carried out in other forested areas of the globe (McComb and Noble 1981; 

Dickman, 1991; Bate et al. 2008; Koch et al. 2009; Warakai et al. 2013; Treby et al. 2014) hollows 

in the LKWS were found to be a regularly used, important habitat. Of the 15 groups of taxa of 
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which either entered or investigated the hollows in this study, 12 were mammals, two were reptiles 

and one was a bird.  

4.2 What are the hollows being used for? 

Due to insufficient battery life, not all cameras lasted the entire six-week camera trapping period. 

This included the six sites that remained unused by any animals, so it is possible that the hollows 

were visited but this was not detected on camera. When animals were detected, determining the 

category of visit when analysing camera trap data proved to be difficult due to its subjective nature. 

It was impossible to confirm that all visits categorised as foraging visits were accurate, as the 

camera placement for some hollows allowed visuals on what the animal was doing, but on others 

only the entrance was visible, therefore their activity in the hollow was assumed. Furthermore, 

some investigative visits could have been foraging visits, but the animal was not large enough to 

enter and just put its head in the hollow, thereby not being classified as an entry. Consequently, 

the change in category from foraging to entrance/exit was considered necessary. 

In future studies, video cameras could be a valuable tool in investigating hollow function and in 

facilitating improved species identification. A constraint of camera trapping, that may be improved 

by video cameras, is that some taxa may not be detected. Therefore, it cannot be certain that the 

data is a full account of what species are visiting the hollows (Glen et al. 2013). Future studies may 

benefit from visiting hollows with a burrow camera to check for species that may not show up on 

camera due to being too small. However, this increases site disturbance and may only work for 

nesting animals. In this study, consistency of distance between camera trap and hollow entrance 

was not always possible due attempts to leave the site as undisturbed as possible and there not 

always being a suitable camera trap location at a consistent distance at each site. A set distance 

may have enabled more reliable category of visit data and would have improved uniformity of the 

size of taxa that appeared on camera. For example, skinks were unable to be counted as the 

camera was not always close enough to the hollow for them to set off the motion sensor (Glen et 

al. 2013). 

Although the use of the hollows could not be identified, a binomial glm with proportional data 

showed hollow length to be significant when surrounding hollows and canopy height were included 

in the model. This could imply hollow length is associated with a higher proportion of actual 

entrances/exits compared to investigative visits. However, hollow length was only just significant, 

and it could be that this result would change depending on the species. 

4.3 Will different taxa show evidence of selection for hollows with different dimensions and 

surrounding habitat? 

The data suggests that a greater hollow length (Figure 4), increased canopy height, fewer 

surrounding hollows and a vine score of 4 results in an increase in number of total visits. The 
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significance of hollow length coincides with a study by Koch et al. (2009), which investigated the 

usage of hollows in Tasmania, Australia. They found that from the variables assessed (branch 

order, min entrance size, hollow depth, hollow form, hollow shape, entrance shape, hollow height, 

branch aspect, tree aspect, hollow live or dead, internal texture, external texture, branch diameter, 

hollow type), hollow length was the most important in influencing use of a hollow by fauna. In 

addition, they sampled hollows at a range of heights but found that most hollows used were 

located close to the ground, which again indicates the importance of ground level hollows as a 

separate habitat. The combination of habitat variables and hollow variables is consistent with 

previous studies on this type of habitat which have reported that both hollow, tree and landscape 

characteristics have varying influences on their use by fauna (Durant et al. 2009).  

Many of the taxa utilising hollows in this study were small mammals. Although not significant in 

affecting total visits by any animal, the binomial GLM suggests that an increased understory 

density increases likelihood of a hollow being a presence site for badgers. This is in accordance 

with Carey and Johnson (1995) who found that understory vegetation was of primary relevance to 

small forest floor mammals. Although Carey and Johnson (1995) found that abundance of fallen 

trees were also of primary relevance in their study, their findings are opposing this study which 

found abundance of fallen trees to be insignificant in influencing visits of any animal. However, this 

study did not have sites with a wide range of amount of fallen trees. Also, in such a small area as a 

5 x 5 metre grid, it is possible that fallen trees could have been abundant in the area, but not 

counted as they did not fall inside the grid. 

Other studies have suggested the importance of having logs of different stages of decomposition in 

forests (Dickman 1991; Whitford and Williams, 2002). Dickman (1991) identified some scansorial 

dasyurid species (such as Antechinus stuartii, Antechinus flavipes and Phascogale calura) as 

selecting for freshly fallen non-decayed logs with an additional tendency to avoid damp decaying 

logs for nesting and shelter. In contrast to Dickman’s study, decay level was not found to be 

significant, although this could be due to insufficient data collection of hollows at a range of levels 

of decay. A limitation of the measurement of decay level in this study was the subjective nature of 

the 0-5 scale. Despite analysis being carried out by the same person, human error and 

methodological creep invalidate the complete reliability of scoring. The same applies to vine score, 

sapling score and the percentage ground cover. An additional limitation is the inevitability of site 

disturbance (Abrams et al. 2018). The area in front of the camera was cleared to avoid early 

battery expiration due to continuous photos of moving vegetation which, although minimal, could 

affect the animals use of the hollow.  

4.4 Could the data be used to suggest dimensions for the design of artificial hollows that 

could be implemented as a conservation tool? 
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Despite its limitations, this study is a foundation in identifying the importance of hollows in the 

degraded forest landscape of the LKWS. Artificial hollows could be an effective conservation 

approach to provide shelter and foraging opportunities in areas where these microhabitats are 

lacking. When developing artificial hollows, it is possible to increase the length of the hollow to 

encourage more visits. In this study, all hollows 175cm and above were recorded as being 175cm 

due to difficulties in measuring anything longer than that with the equipment available. In future 

study, introducing a method to measure the longer hollows would be valuable. Of the 52 

successfully monitored hollows, 25 used were over a metre in length. In future there could be ways 

of modelling the data to work out optimal values for animals, perhaps using a general additive 

model. The density of hollows in an area is also manageable. Although, it is possible that fewer 

surrounding hollows was significant because the same number of hollow using animals are spread 

between more hollows in the same area. Controlling habitat variables such as canopy height and 

vine score is difficult, as in areas where these artificial habitats would be put are areas likely to 

have lower canopy height and vine scores. For squirrels, the binomial GLM suggested that an 

increased number of medium trees, increased percentage ground cover, fewer surrounding 

hollows and the hollow being in a standing tree increases the likelihood of squirrel presence. If the 

hollow being in a standing tree is important for squirrels, the orientation of artificial hollows is 

something that could be investigated in future studies. Treeshrews showed no association with any 

variables. Badgers were more likely to be found in hollows with an increased entrance width in 

areas with increased understory density. Entrance width influences which species can access the 

hollow (Fokidis and Risch 2005), which could explain its significance for badgers. To encourage 

badgers to use forest restoration sites, artificial habitats with larger entrance widths could be 

placed in areas where there is a large amount of understory vegetation.  

The binomial GLM results imply that species do not seem greatly influenced by the dimensions of 

the hollows. This perception is supported by the results of the PCA which indicates that there is no 

significant difference between the eigenvalues for each of the three species for Component 1 or 2. 

This may suggest that there is no real need to create hollows with different dimensions for these 

individual species. Developing artificial hollows with an increased length, a large entrance width 

and placing them in high understory density areas of plantations and regenerating areas of forest 

could be a first step in encouraging the species that use these hollows in the forest into these 

human-modified areas. It may also be interesting to create artificial hollows of dimensions larger 

than those found in the current natural environment, as the selective logging in the area has 

decreased the number of larger hardwood trees (Goldingay et al. 2015) and therefore available 

hollows in the area may be sub-optimal for some species. 

When considering future forest replantation projects, investigating variables that influence 

presence or absence of hollows would be useful in maximising the natural occurrence of these 

habitats after regrowth (Koch et al. 2008). A previous study in a tropical environment found that the 
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probability of cavity presence varied across tree species (Liu et al. 2016), so it is useful to identify 

tree species that are important for hollow formation (Remm et al. 2006). Topographic variables 

such as slope and elevation have also been identified as important factors associated with hollow 

presence (Liu et al. 2018), which is worth considering when choosing areas to replant species 

more important for hollow formation.  

In any environment, conserving the natural habitat is preferable, especially when considering the 

difficulties of artificial habitats. Artificial habitats may take years to be discovered and occupied, 

can become occupied by non-target species and can be costly to maintain (Warakai et al. 2013). 

However, in the LKWS, this may not be a problem as currently there are no target species 

identified and the main aim is to increase wildlife use of human modified areas. In addition, 

maintenance may be unnecessary as once the wooden artificial hollows were placed, it would be 

most beneficial to leave them undisturbed. Despite the limitations of artificial habitats, other studies 

show evidence of success (McComb and Noble 1981; Robb et al. 1996; Smith and Agnew 2002; 

Fokidis and Risch 2005; Warakai et al. 2013). For example, a study by Durant et al. (2009) found 

over half of their nest boxes were occupied, with few being occupied by non-target species. 

Besides studies on artificial habitats, research has shown the benefits of DWM in an area (Bate et 

al. 2008; Rea 2012; Buettel et al. 2017; Stares et al. 2018) and therefore, having DWM in the form 

of artificial wooden hollows could be beneficial in increasing the productivity of areas that have 

been disturbed by human impact. 

5. Conclusions 

In the forest surrounding DGFC in the LKWS, hollows have been identified as a frequently utilised 

microhabitat by a range of animals. The results suggest that the visiting taxa do not require an 

extensive criterion to utilise hollows. Therefore, as a start, it would be advised to create long, 

wooden artificial hollows with a large entrance width and place them in areas of the plantations and 

regenerating forest plots that have an abundance of understory vegetation. After initial observation 

of whether they are utilised, further strategies could be put in place to improve upon their success. 
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