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Introduction: 

Woondum National Park contains a diverse landscape and range of ecosystems close to Gympie and is 

characterised by hills and mountains covered in tall eucalypt forest and rainforest, and cascading boulder-

strewn creeks dominate the landscape in this region (QPWS 2013). Many areas of Woondum have been 

selectively logged, several as recently as the late 1990s. The 4,001ha area of Woondum National Park 

was gazetted in 2009 from Woondum Forest Reserve 1. Prior to 2001, Woondum Forest Reserve 1 was 

gazetted as Woondum State Forest 393 (QPWS 2013). In 1995, 380ha of the northwestern part of 

Woondum State Forest was declared a scientific area (Woondum 1 ï Mothar Mountain Scientific Area 

65) under the Forestry Act 1959 for its significant areas of rainforest, scribbly gum and other forests on 

a geology unique to the region, as well as its scenic qualities(DPI 1996). The scientific area was later 

converted to national park. The national park also has significant recreational value to the local 

community and visiting tour groups for horse riding, four-wheel-drive vehicle touring and walking. The 

park is covered by a native title claim (claim no.: QC2013/003) on behalf of the Kabi Kabi First Nation 

people (QPWS 2013). 

Horse riding has long been a part of the Queensland lifestyle, and many southeast Queensland forests are 

valued by horse riders as safe and scenic places to ride, although the number of riders is low (DERM 

2011; Rossi et al. 2013). The south-east Queensland horse-riding trail network (HTN) includes more than 

500km of trails within 29 reserves between Gympie and the Stateôs southern border. The HTN trails link 

to a broader trail network that includes about 340km of trails in Queenslandôs forest plantations and at 

least 470km of trails on other tenures, including several other State Forests (DERM 2010). 

Road and trail networks within native forest ecosystems are fundamental in providing access for the 

purposes of recreational use, extraction of forest products, fire control and routine resource management 

(Ngugi et al. 2014). However disturbance associated with road construction and maintenance, as well as 

use by vehicles, cyclists, motorbikes, walkers and horses, increase the risk of invasion by non-native 

(weed) plant species along roads (Potito and Beatty 2005; Ansong and Pickering 2013). Once established 

in disturbed road verges, some invasive species may colonise adjacent undisturbed native vegetation 

(Ngugi et al. 2014). 

Non-native plant species that become established in natural ecosystems compete with native species for 

available resources and can replace native species to the detriment of organisms that depend on these 

native species (Gower 2008). For example, non-native plant species have rapidly invaded and 

successfully displaced native species in many conservation areas in Australia (Ngugi and Neldner 2017) 
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and buffel grass (Cenchrus ciliaris) forms monocultures in pasture lands of Queensland (Butler and 

Fairfax 2003).  

Multiple vectors including vehicles, machinery, soil movement, animals, wind, water, and humans are 

involved in the spread of non-native species along forest trails (Ngugi et al. 2014. Horses have been 

implicated as significant vectors in the introduction of plant species observed adjacent to horse trails in 

nature reserves (Gower 2008). The risks associated with horse riding include seed movements through 

horse dung, hair, hoof debris, riders, and riding equipment. In a review of world-wide studies analysing 

the potential dispersal of weeds through horse dung, Ansong and Pickering (2013a) identified 156 

naturalised plant species in Australia that germinate from horse dung. Other reported negative impacts 

from horse use include trampling of vegetation and soils, nutrient addition through urine and dung, 

introduction of pathogens, as well as enhanced erosion and sediment run-off. All these impacts may 

trigger changes in species composition of adjacent native ecosystems. 

The objective of the Horse Trails Scientific Monitoring Program (DERM 2010) is to monitor horse riding 

on the Southeast Queensland Horse Riding Trail Network that traverses through Southeast Queensland 

protected areas, identify any impacts of such use, and recommend management actions to address such 

impacts. Studies relating to the social, erosional and water quality impacts of horses and horse riding are 

available on the DES website (Monitoring and managing potential impacts | Parks and forests | 

Department of Environment and Science, Queensland (des.qld.gov.au)). 

This monitoring program was initiated in 2009 and established 52 paired long-term monitoring sites 

along designated horse trails located in conservation reserves in seven National Parks in southeast 

Queensland (Figure 1). These monitoring sites examine (1) the invasion and extent of non-native plant 

species along the management roads designated as horse trails; and (2) changes in BioCondition over 

time of vegetation adjacent the horse trails. 

 

Methods: 

 
Study location 

Woondum National Park covers an area of 3825.8 ha and was assessed at three sites containing a 

total of six transects spanning two Regional Ecosystems (REs). The regional ecosystems are RE 

12.12.15 and 12.11.15 and Technical Descriptions (TDs) for these REs are presented in Appendix 

2. The TDs are detailed descriptions of the normal range in structure and floristic composition of 

remnant regional ecosystems and their component vegetation communities.  

  

https://parks.des.qld.gov.au/things-to-do/activities/horseriding/strategic-framework/monitoring
https://parks.des.qld.gov.au/things-to-do/activities/horseriding/strategic-framework/monitoring
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Table 1. Summary statistics for monitoring sites at Woondum NP arranged by regional ecosystem. 

Regional Ecosystem Surface 

area (ha) 

Proportion of 

park/reserve (%) 

No. of 

transects 

12.12.15 Corymbia intermedia +/- Eucalyptus 

propinqua, E. siderophloia, E. microcorys, 

Lophostemon confertus open forest on Mesozoic 

to Proterozoic igneous rocks 

1082.6 28.3 4 

12.11.5 Corymbia citriodora subsp. variegata 

woodland to open forest +/- Eucalyptus 

siderophloia/E. crebra, E. carnea, E. 

acmenoides, E. propinqua on metamorphics +/- 

interbedded volcanics 

20.4 0.5 2 
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Figure 1. Map of Australia showing Queensland State, location of the seven National Parks (NP) in 

southeast Queensland that have designated horse trail network, and distribution and location of study 

sites (Ngugi et al. 2014).   

 

Site selection and Sampling 

Permanent sites for vegetation monitoring were established in 2012 along the horse trail network in 

Woondum National Park and monitored in 2016 and 2019. Sites were overlayed where possible on 

existing ecological research plots used for vegetation mapping and classification purposes (Neldner et 

al. 2022), or native forest permanent plots used for long-term monitoring of forest growth (Ngugi et al. 
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2015) allowing surveys to add to existing valuable datasets. The data collection method is described in 

Ngugi et al (2014).  

1. Assessing impact of non-native species on the vegetation along management roads 

Vegetation growing adjacent to the horse trail network was sampled using 20 m transects laid out 

perpendicular to the trail edge on both sides of the trail. The trail edge was defined as the shoulder edge 

of the trail surface where vegetation growth is evident, and from which point vegetation cover continues 

into the adjacent vegetation. Along each transect a total of eight quadrats were sampled. At the start of 

the transect five contiguous 1 x 1 m quadrats extending from the trail edge to 5 m into the forest were 

sampled to estimate spread of non-native species. Contiguous plots were used to accurately determine 

the distance of influence from the trail edge that was impacted by non-native species.  In addition, 1x1 

m plots were sampled at 10 m, 15 m, and 20 m along the transect line. In each 1x1 m plot, all plant 

species were recorded, and the projective foliage cover of each ground layer species (less than 1.5 m in 

height) was estimated. Cover was also assessed for leaf litter, bare-ground and coarse woody debris (> 

10 cm diameter) as a percentage of the total area in each quadrat (1 m2). This sampling design is very 

similar to that used by Potito and Beaty (Potito and Beatty 2005) and Gower (Gower 2008). 

 

1. Assessing the condition of the forest regional ecosystems 

To sample the species diversity and cover composition in the relatively less disturbed adjacent native 

forest at each location, a 50 x 10 m forest transect was established parallel to the horse trail and 25 m 

from the trail edge. All vascular plant species observed within the transect were recorded and the cover 

of ground stratum species was assessed in five 1x1 quadrats along the transect midline. Comprehensive 

sampling of the structure and floristics of the forests followed the method of Neldner et al. (Neldner et 

al. 2022) and allowed each site to be assessed for their BioCondition (Eyre et al. 2015). 

Plant species identification and categorisation   

All herbaceous and woody vascular species observed within each plot were identified to species in the 

field where possible. Where necessary specimens were collected and brought to the Queensland 

Herbarium for identification. Where available material was insufficient to identify species, identity was 

recorded at genus level. Nomenclature, and native and non-native status follows the Census of 

Queensland Flora 2021 (Brown 2021). Characterisation of species as environmental weeds, weeds of 

national significance and/ or declared weeds under State legislation was done using the online facility 

maintained by the Queensland Department of Agriculture, Fisheries and Forestry (QPWS 2022). 
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Results: 

Woondum National Park was assessed at three sites containing a total of six transects across two 

Regional Ecosystems (REôs). Detailed results for the non-native species richness and vegetation cover, 

and BioCondition scores for the transects at each site are provided in the report cards in Appendix 1.  

A summary of non-native plant species richness and cover in the trail-edge transect is presented in Table 

2. The highest observed mean cover of non-native species was 5.5%, and the highest species richness 

was two species. Trail-edge sites in regional ecosystem 12.11.5 consistently showed higher cover and 

non-native species richness compared to RE 12.12.15 where no non-native species were recorded. Within 

the QBEIS transect, the highest mean cover of non-native species was 15.5% but some sites had high 

cover of up to 30% which was mainly composed of Lantana camara (Table 2). The highest mean of non-

native species richness in the QBEIS transect was two species with at least one non-native species 

recorded during each site visit (Table 2).  

BioCondition score among all the sites ranged from 61 to 88% on a 0 to 100% scale (the higher the score 

the better the condition) with the lowest mean score of 61% indicating that most sites were in reasonable 

condition (Table 3). The highest BioCondition scores were recorded in RE 12.12.15 with the mean 

ranging from 76 to 82%.  
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Table 2. Mean and range of non-native cover*, and absolute numbers (richness) of non-native species identified per visit at each sampled regional ecosystem 

within Woondum National Park. Values for both trail-edge and QBEIS transects are shown. 

*non-native cover is the sum of weeds recorded in the ground and shrub layers (Eyre et al. 2015) 

  

Regional Ecosystems Sites Site 
Visit 

TRAIL-EDGE TRANSECTS QBEIS TRANSECTS 

Cover 
mean 
(%) 

Cover 
range 
(%) 

Species 
mean 
(count) 

Species 
range 
(count) 

Cover 
mean 
(%) 

Cover 
range 
(%) 

Species 
mean 
(count) 

Species
range 
(count) 

12.11.5 Corymbia citriodora subsp. 
variegata woodland to open forest +/- 
Eucalyptus siderophloia/E. crebra, E. 
carnea, E. acmenoides, E. propinqua on 
metamorphics +/- interbedded volcanics 

WO41082A, 
WO41082B 

1 5.4 0 ς 
10.7 

0 0 ς 0.8 15.5 1 ς 30 1 1 

2 0.4 0 ς 0.8 2 0 ς 3 2.1 0.1 ς 4 2 1 ς 2 

3 0.5 0.5 1 1 3.4 0 ς 6.8 1 1 

12.12.15 Corymbia intermedia +/- 
Eucalyptus propinqua, E. siderophloia, E. 
microcorys, Lophostemon confertus open 
forest on Mesozoic to Proterozoic igneous 
rocks 

WO13979A, 
WO13979B, 
WO41080A, 
WO41080B 

1 0 0 0 0 2.4 1 ς 3.8 2 1 ς 2 

2 0 0 0 0 4.3 0 ς 12 1 1 

3 0 0 0 0 2.3 0.1 ς 
4.4 

2 1 - 2 
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Table 3. Mean and range of BioCondition scores for the QBEIS (forest) sites summarised by regional ecosystem within Woondum National Park. 

Regional Ecosystems Sites Samplin
g Visit 

BioCondition 
Mean 

BioCondition 
Range 

12.11.5 Corymbia citriodora subsp. variegata 
woodland to open forest +/- Eucalyptus 
siderophloia/E. crebra, E. carnea, E. acmenoides, 
E. propinqua on metamorphics +/- interbedded 
volcanics 

WO41082A, 
WO41082B 

1 75 66 - 83 

2 76 75 - 77 

3 76 69 - 82 

12.12.15 Corymbia intermedia +/- Eucalyptus 
propinqua, E. siderophloia, E. microcorys, 
Lophostemon confertus open forest on Mesozoic 
to Proterozoic igneous rocks 

WO13979A, 
WO13979B, 
WO41080A, 
WO41080B 

1 76 65 - 85 

2 77 61 - 88 

3 82 78 - 85 
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Discussion and Conclusions 

This study investigated the impacts of horse riding along horse trails and the risk of horses acting as 

vectors in the introduction of non-native plant species adjacent protected areas within Woondum National 

Park in southeast Queensland.  

Non-native species 

The construction, maintenance and use of horse trail networks that traverse regions of native vegetation 

may predispose these ecosystems to invasion by non-native plant species (Ngugi et al. 2014). However, 

following comprehensive sampling of three sites (six transects) across three sampling time points (2012, 

2016 and 2019), the majority of sites along designated horse trails in Woondum National Park showed 

little to no invasion by non-native species. 

Collectively, the sites examined in the QBEIS forest transects showed a greater degree of incursion by 

non-native species than the trail-edge transects. This held true across both examined regional ecosystems, 

however the sites located within open forest dominated by Corymbia intermedia (with or without 

Eucalyptus propinqua, E. siderophloia, E. microcorys, Lophostemon confertus) and occurring on 

Mesozoic to Proterozoic igneous rocks (12.12.15) only had weed incursions in the QBEIS forest 

transects, with none found in the trail-edge. 

Lantana camara was the most widely distrubuted non-native species found across Woondum National 

Park, although cover was low to moderate. This weed was identified in both the trail-edge transects and 

deeper forest transects for sites 41082A, 41082B and only in the forest transect at sites 41080A and 

41080B. Lantana camara was present with limited cover at all these sites with the exception of  site 

41082B, in which it reached cover levels of up to 30% in 2012. However cover was significantly reduced 

following a fire in August 2013, before increasing to 6% cover by 2019. 

The only other non-native species found in this national park was Solanum seaforthianum, which only 

occurred at site 41082B both at the trail-edge and in the QBEIS forest site, but in 2016 it occurred only 

at the trail-edge. 

BioCondition scores within the forest transects 

Sites 13979A and 13979B all had consistently high BioCondition scores through time, despite the 

occurance of a hot fire in October 2017. This fire was likely the reason for the low levels of coarse woody 

debris and grass species richness at site 13979A, as well as low perennial grass cover, coarse woody 

debris, subcanopy tree cover and forb richness. The 2017 hot fire killed many Allocasuarina littoralis , 

but stimulated a mass germination of the native scrambler Kennedia rubicunda which had high levels of 

cover persisting to 2021. 
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Site 41082A also had a consistently high BioCondition score despite showing consistently low levels of 

perennial ground layer cover and grass species richness. Sites 41080A, 41080B and 41082B all showed 

moderate BioCondition scores that varied through time. This was likely a result of the fire that occurred 

in August 2013 which may have been the reason for the reduction in various BioCondition attributes at 

these sites, such as perennial grass cover, grass species richness, ecologically dominant layer and 

subcanopy tree cover. 

 

Conclusion 

The threat of incursion of non-native species is present in Woondum National Park. This is mainly 

associated with active usage of trails for recreation and mechanical maintence of the trails. QPWS&P 

management has kept up with trail edge maintenance and hence reducing incursion and spread of non-

native species. However this maintenance should extend further to the adjacent vegetation to limit and 

timely control incursion and spread of non-native species that are gaining stronghold in the National 

Park. BioCondition scores were consistently moderate to high, with the moderate scores likely a result 

of the 2013 fire event. The monitoring should continue in order to inform long-term non-native species 

(pests) incursion and management. 
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Appendix I. Site report cards 
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Woondum National Park: Site 13979 
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Woondum National Park: Site 13979A 
 

 






















































