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Abstract
High levels of domestic and feral ungulate activity adversely affect the condition and extent of 
 artesian spring wetlands in the Great Artesian Basin. It is essential that programs aimed at manag-
ing pest animal impacts on spring wetlands are correctly evaluated to determine their effectiveness. 
Species diversity, species detectability, condition and impact assessment tools were used to evaluate 
the effectiveness of exclusion fences. Biological and condition recovery were greatest under total 
pest animal exclusion. Partial exclusion was only marginally better than uncontrolled pest animal 
con ditions. We found that evaluating management effectiveness of pest exclusion programs using 
targeted qualitative condition assessment tools is possible, allowing land managers to examine trends 
based on historical photo-monitoring.
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Introduction
Artesian springs and their associated wetland commu-
nities are dependent on the discharge of groundwater 
from the Great Artesian Basin (GAB) (Queensland 
Wetland Program, 2005; Fairfax & Fensham, 2003; 
Ponder, 1986). These wetland communities are sig-
nificant for their high levels of endemic flora and 
fauna, and their cultural and First Nations Peoples 
values (Davis et al., 2017; Powell et al., 2015; Fairfax 
& Fensham, 2003; Fairfax & Fensham, 2002; Robins, 
1998). Individual springs have been grouped into 
12 geographically clustered groups of springs referred 
to as ‘supergroups’ (Ponder, 1986, cited in Fairfax & 
Fensham, 2003).

The Budjiti Peoples have had a long and deep cul-
tural connection with their Country, which includes 
Currawinya National Park. The Budjiti Peoples have 
managed the landscape for tens of thousands of years, 
which is highlighted by the abundance and diversity 
of both tangible and intangible cultural values. The 
Budjiti Peoples are known to have been using the 

springs of the Eulo supergroup for at least 13,000 
years (QPWS, 2019a; Robins, 1998).

Early pastoralists quickly recognised the impor-
tance of springs as a reliable water source in a 
landscape with otherwise limited permanent surface 
water (Powell et al., 2015; Fensham et al., 2010). Over-
utilisation of the GAB and individual spring groups has 
seen a significant decline in the condition and extent of 
artesian spring wetland com munities (Fensham et al., 
2004). Other threats to artesian springs include exca-
vation for water storage, exotic plants, stock and feral 
animal disturbance, exotic aquatic animals, tourism 
and impoundment (Fensham et al., 2010).

Grazing by native species is a natural part of 
spring wetland ecology and can be essential for main-
taining microhabitat and species diversity (Fensham 
et al., 2010; Unmack & Minckley, 2008; Niejalke 
& Kovac, 2003). However, the permanent nature of 
springs in semi-arid and arid environments often 
means they support higher feral animal popula-
tions compared to adjacent waterless environment, 
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 especially during exceptionally dry periods (Negus 
et al., 2019; Russell et al., 2011; Fensham et al., 2010). 
Current levels of domestic and feral ungulate activity 
at some springs are adversely affecting the condition 
and extent of artesian spring wetland communities 
(Peck & D’Souza, unpublished data; Gotch, 2013; 
Fensham et al., 2010; Queensland Wetland Program, 
2005; Niejalke & Kovac, 2003).

Rossini et al. (2017a,b) found that endemic gastro-
pods were negatively impacted by desiccation, in-
creased conductivity and the temperature of spring 
wetlands. Ground disturbance can lead to loss of 
microhabitats through the removal of the vegetation 
layers and other ground structures, increasing expo-
sure and conductivity through the disturbance of 
salt-bearing soils. Snail kills involving hundreds of 
individuals have been reported from areas of intense 
pig rooting at Yowah Creek springs (Peck & D’Souza, 
unpublished data). 

Fencing is a commonly used tool to protect artesian 
springs from the impacts of stock and feral  animals 
(Fensham et al., 2010; Niejalke & Kovac, 2003). How-
ever, fencing of artesian springs for management 
pur poses can result in adverse and sometimes unpre-
dictable outcomes for spring wetland communities 
and priority taxa (Davis et al., 2017; Fensham et al., 
2010; Fensham et al., 2004). For example, total exclu-
sion of all grazing through fencing can result in over- 
proliferation of native species such as the common reed 
(Phragmites australis) and Fimbristylis spp. (Davis et 
al., 2017; Fensham et al., 2010; Fensham et al., 2004). 
Increases in these species can result in increased direct 
competition, alterations to micro habitats, increased 
water transpiration and loss of areas of open water. 
These species are also palatable to stock and are selec-
tively grazed; therefore, destocking can have a similar 
effect to exclusion fencing (Gotch, 2013).

Artesian spring wetlands have significant capacity 
for recovery when disturbance pressures are removed, 
which requires an adaptive management approach 
to achieve sustainable conservation outcomes (Peck 
& D’Souza, unpublished data; Fensham et al., 2010). 
Some monitoring programs are expensive, time 
consuming and require expert skills, but often the 
resources to support these requirements are limited. 
Evalu ating the effectiveness of programs aimed at 
conserving the springs therefore requires the develop-
ment of practical and easily implemented monitoring 
frameworks that require little additional resources and 
training (Hockings et al., 2006).

The aim of this research was to: a) evaluate the 

management effectiveness of exclusion fences used 
to protect high conservation value artesian spring 
wetlands; and b) compare the results from simple, 
qualitative condition class and impact assessments to 
those from a quantitative biological assessment pro-
gram. This approach would determine the utility of 
the former qualitative assessment for evaluating the 
effectiveness of a management action designed to 
improve the condition of spring wetlands.

Materials and Methods
Study Site
The study was conducted between March 2011 and 
August 2017 at Currawinya National Park, in a semi-
arid region of south-west Queensland (Figure 1). 
The study area experiences hot summers and mild 
winters with summer-dominant rainfall (Bureau 
of Meteorology, 2019). The average annual rainfall 
(295.5 mm) and total annual rainfall data for the 
years of the study were obtained from the Hungerford 
weather station (29.00°S, 144.41°E) (Figure 2).

Eight spring groups, including Massey, Tunga, 
Fish, Granite, Poached Egg, Basin Bore, Wetsoak and 
Yarraman, were fenced and monitored as part of the 
project. Massey and Tunga springs are Category 1a 
springs, i.e. they contain at least one endemic  species 
not known from any other springs (Fensham et al., 
2010). The biological values of Massey springs, 
including Little Massey Spring, are: Jardinella eulo – 
Endemic, no conservation status; Eragrostis fen shamii 
– Endangered; Myriophyllum artesium – Endangered; 
Hydrocotyle dipleura – Vulnerable; and disjunct 
popu lations of Utricularia fenshamii and Utricularia 
caerulea – Least concern. The biological values 
of Tunga springs are: Jardinella cf eulo – Endemic, 
no conservation status; Myriophyllum artesium – 
Endangered; disjunct populations of Schoenus falcatus 
– Least concern; Triglochin nana – Least concern; 
Utricularia fenshamii and Utricularia dichotoma 
– Least concern (Silcock et al., 2014; Jobson, 2013; 
Fensham et al., 2010; Ponder & Clark, 1990). Fish 
springs and Poached Egg Spring are Category 2 
springs, i.e. they provide habitat for populations of 
species not known from habitats other than spring 
wetlands within 250 km. Biological values include 
Myriophyllum artesium – Endangered; Calocephalus 
glabratus – Vulnerable; and Utricularia fenshamii 
– Least concern. Granite, Basin Bore, Wetsoak and 
Yarraman are Category 3 springs, i.e. they are intact 
springs without identified biological values (Jobson, 
2013; Fensham et al., 2010).
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Figure 1. Currawinya National Park, showing the location of Massey and Tunga spring groups (■) and other artesian 
springs (●).
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Figure 2. Annual rainfall recorded at the Hungerford weather station for the years 2005–2017. The dotted line represents 
average annual rainfall (Bureau of Meteorology, 2019).

Prior to acquisition by Queensland Parks and 
Wildlife Service (QPWS) in 2012, Massey, Granite 
and Fish springs were part of the Werewilka pas toral 
property, which included both Granite springs and 
Werewilka properties. Massey springs is located 
on the western slopes of the Hoods Range and is 
 associated with a large granite seam that runs in a 
 north-westerly direction from Hungerford (Queensland 
Parks and Wildlife Service and Part   ner  ships, 2019a,b). 
Massey springs appears to con tain three main vents 
and intermittently runs a 600 m tail. A smaller vent 
(Little Massey) is located  approximately 200 m south 
of the main spring group, between granite boulders 
and supporting a small, open pool of water (1 m2) and 
a population of Hydrocotyle dipleura and Myrio
phyllum artesium. The Massey springs group has a 
history of modifications. It has been delved (dug out) to 
improve water storage and stock access and was used 
for stock water as recently as 2014. 

In 2012, QPWS acquired the Oolamon section 
of the Bingara pastoral property, which included 
Tunga springs, located on the eastern slopes of Hoods 
Range, just below Mount Bingara. This spring group 
is located in the upper reaches of a stony drainage line 
within the Oolamon section of Bingara. There are 

numerous spring vents in a 0.5 ha area. Tunga springs 
have a  history of modification, with the remains of 
a bore head present and other infrastructure used to 
collect and store water. The old bore is uncapped, with 
a current flow rate of 0.5 L/min. In recent years there 
has been limited use of these springs by  domestic 
stock. 

Poached Egg, Basin Bore, Wetsoak and Yarraman 
springs are all within the 1991 gazetted area of 
Currawinya National Park and are also within the 
Currawinya Lakes Ramsar area (Queensland Parks 
and Wildlife Service and Partnerships, 2019a,b).

Exclusion Fences
Eight spring groups were fenced between 2005 and 
2015. The fence design for each site was determined 
by considering the topography of the site, soil type 
(rocks or sand), pest species involved, access, and cul-
tural elements that may be associated with the spring 
site and adjacent areas. The initial Fish springs fence 
was regularly compromised due to local ongoing 
flooding and was modified in 2012 to include three 
smaller mesh fences, vent 3, vent 9, and vents 4, 5, 6 
and 7 (Table 1). 

Two fence designs were used during this project. 
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The ‘wire’ fence is a commonly used stock fence 
design. It consists of 9 × 90 hinge-joints with a single 
line of barbed wire at ground level, two mid-lines of 
high-tensile plain wire to support each hinge-joint, 
two top lines of barbed wire supported by a 1.8 m gal-
vanised steel post every 6 metres, an inline strainer 
post every 500 m on spans of fence over 500 m in 
length, and a strainer post in all corners.

The ‘mesh’ consists of rigid 900-mm-high galva-
nised mesh with 75 × 100 mm aperture, a single line 
of barbed wire at ground level, two top lines of barbed 
wire supported by a 1.8 m galvanised steel post every 
6 m, and a strainer post every 30 m. A 600 mm gal-
vanised mesh apron was used in areas with uneven 
ground and was covered with logs and rocks to weigh 
the mesh down.

Qualitative Condition Class Assessment
Photographic monitoring was undertaken annually at 
each of the spring study sites. Photographs of Massey 
springs, Tunga springs, Fish springs – vent 3, Fish 
springs – vent 9 and Poached Egg Spring were then 
examined to determine a condition class (good, good 

with some concern, significant concern, critical) and 
associated impact score (4, 3, 2, 1, respectively) for the 
spring groups using three feral animal impact cri teria 
(grazing, ground disturbance and water condition) 
(Table 2). 

Quantitative Biological Assessment
Mean Plant Species Richness in the Ground 
Stratum
Plant species richness was determined for Massey 
and Tunga spring groups. Plant species richness along 
the vegetated edge of each spring was recorded using 
three 10 m × 2 m (area = 20 m2) transects. The centre 
line of each transect was located approximately 1 m 
from the undisturbed edge of the spring vegetation 
and followed the shape of spring vegetation profile 
(typically nonlinear). This area is representative of 
the high level of ground disturbance as all animals 
accessing the spring must cross it. The total num-
bers of individual species were recorded along each 
transect, and the mean plant species richness (total 
plant species ÷ 3) was then calculated for each spring 
group. 

Table 1. Spring fence data, spring name, month and year fenced; type – mesh or wire; total area fenced (ha); total perimeter 
(m); material cost for mesh and wire fence; construction cost for mesh and wire fence; fence material cost = material cost × 
perimeter; fence construction cost = construction cost × perimeter; total cost = fence material cost + fence construction cost.

Spring 
Fenced  
(month/

year)
Type Area 

(ha)
Perimeter 

(m)

Material 
cost  

($/km)

Construction 
cost

 ($/km)

Fence 
material cost 

($)

Fence 
construction 

cost ($)

Total 
cost
 ($)

Tunga Nov. 2013 Mesh 0.58 282 12,600 1,700 3,500   500 4,000

Fish  
(vent 3)

Apr. 2015 Mesh 0.015 50 12,600 1,700   600   100   700

Fish  
(vent 9)

Oct. 2013 Mesh 0.006 28 12,600 1,700   350   100   450

Massey Jul. 2014 Wire 27.6 2015  6,700 2,500 13,500 5,000 18,500

Fish Oct. 2011 Wire 8.2 1153  6,700 2,500 7,800 2,900 10,600

Fish 
(vents 4, 
5, 6 & 7)

Apr. 2015 Wire 0.54 300  6,700 2,500 2,000   750 2,750

Granite Apr. 2015 Wire 2.34 620  6,700 2,500 4,100 1,500 5,600

Basin 
Bore

Sep. 2012 Wire 147.4 4939  6,700 2,500 33,000 12,300 45,300

Yarraman Jun. 2013 Wire 440.4 8774  6,700 2,500 58,700 22,000 80,700

Poached 
Egg

Oct. 2005 Wire 8.0 1100  6,700 2,500 7,300 2,700 10,000

Wetsoak Sep. 2012 Wire 0.180 170  6,700 2,500 1,100   400 1,400
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Table 2. Grazing assessment criteria, impact score and condition class. Concept modified from QPWS Health 
Checks (Melzer, 2019) and the IUCN condition classes (Hockings et al., 2006).

Condition class Good Good with some 
concern

Significant concern Critical

Impact score 4 3 2 1

Grazing No signs of grazing 
of wetland vegetation 
other than what would 
be expected by native 
animals; flowers and 
seed heads common 
and widespread.

Only minor signs of 
grazing in localised 
areas; flowers and 
seed heads common 
but with some signs 
of grazing.

Wetland vegetation 
lawn-like; flowers 
and seed heads 
restricted to protected 
areas (deep water 
or protected by logs 
and rocks).

Wetland vegetation 
mostly removed or 
absent; vegetation 
is present only in 
protected areas; 
flowers and seed 
heads not present.

Ground 
disturbance 

No signs of physical 
ground disturbance 
other than what would 
be expected by native 
animals.

Only minor signs of 
ground disturbance 
(<25% ground 
disturbance).

Spring edge mostly 
disturbed or large 
areas of digging 
(26–75% ground 
disturbance).

Extensive ground 
disturbance, tubers 
and roots dug up and 
exposed; almost all 
vegetation impacted 
(>75% ground 
disturbance).

Water condition No dung or dead 
animals; no signs of 
increased turbidity 
or fouling; no odour.

Limited amount of 
dung; localised signs 
of increased turbidity; 
fouling and odour.

Large amounts of 
dung or dead animals; 
increased turbidity; 
fouling and significant 
increase in odour.

Limited areas of open 
water; mostly reduced 
to a muddy slurry; 
water fouled by large 
amounts of dung 
or numerous dead 
animals; offensive 
odour.

Indicator Species – Jardinella spp.
Two endemic gastropods from the genus Jardinella 
occur at Massey and Tunga springs. Massey is the 
type locality for J. eulo, while a similar but distinct 
 species, J. cf. eulo, occurs at Tunga springs (Ponder, 
pers. comm., 22 February 2019). The presence of snails 
was recorded at each site against the following cri teria: 
Not detected – no live snails were recorded; Scarce 
– restricted in their local distribution; and Abundant 
– live snails were found in the majority of locations 
searched.

Feral Animal Activity
Feral animal activity was recorded during all site 
visits and included species, numbers of each species, 
duration of presence at the spring, activity (grazing), 
water use (drinking), resting, rooting and wallowing.

Results
Fencing 
Overall, exclusion fencing had a positive effect by 
reducing the impacts of domestic and feral ungulates 
on artesian spring wetlands. The ‘mesh’ exclu sion 

fences, area <0.6 ha (range 0.006–0.58 ha),  perimeter 
≤282 m (range 28–282 m) were more effective at 
excluding target animals compared to the ‘wire’ 
exclusion fences, area >0.18 ha (range 0.18–440.4 ha) 
and perimeter >170 m (range 170–8774 m) (Table 1).

While ‘wire’ exclusion fences were effective at 
reducing domestic and feral ungulate access to the 
springs, they were also more likely to be com promised 
by feral animals either digging or pushing under the 
fence or pushing through the hinge-joint material, 
compared to the mesh fence. However, feral animal 
activity inside the ‘wire’ exclusion fences was lower 
than that recorded pre-fencing. Neither fence design 
restricted macropod access to the springs. The tail 
from the Tunga bore head flows through the fence 
 creating a small water point just outside the fence. 
This significantly reduced animal pressure on the 
fence, enhancing the effectiveness of the mesh fence 
at this site (Peck & D’Souza, unpublished data). 

Wire fences were more likely to be negatively 
impacted by intense localised surface water flow 
events, causing a build-up of flood debris and soil 
erosion under the fence. The Fish springs fence was 
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completely removed due to ongoing flood damage 
and replaced with three separate mesh-fenced areas. 
Wire fences were more likely to be breached by feral 
 animals either jumping or digging under the fence. 
The effort required to detect and remove feral animals 
from inside an exclusion fence increases with increas-
ing size of the fenced area. 

The total cost for the wire fence was $9,200.00/
km; construction cost was $2,500.00/km (range 
$1,500.00–$3,500.00 depending on site) plus mat-
erials at $6,700.00/km. The total cost for the mesh 
fence was $14,300.00/km; construction cost was 
$1,700.00/km plus materials at $12,600.00/km. The 
average mesh fence perimeter was 120 m (range 
0.028–0.282 km), area 0.2 ha (range 0.006–0.58 ha). 
The average wire fence was 2.38 km (range 0.170–
8.774 km), area 79.33 ha (range 0.18–440.4 ha). The 
total cost per ha protected by mesh fences was 
$8,570.00 compared to wire fences at $275.00/ha.

Qualitative Condition Class Assessment
Massey Springs
In 2005, the spring vegetation was heavily grazed, 
with high levels of ground disturbance and poor water 
quality (Figure 3A). In 2011, following above-average 
rainfall and prior to fencing, the condition of the 
springs improved considerably (Figure 3B). In 2013, 
the springs showed signs of feral and macropod graz-
ing (Figure 3C). Figure 3D shows the springs in the 
first year, post-fencing; the springs still show signs of 
grazing, predominantly by macropods.

Tunga Springs
Tunga springs was in a very poor condition in 2012 
(unfenced), with substantial grazing, ground distur-
bance and poor water quality, predominantly due to 
high feral goat and moderate pig activity (Peck, pers. 
obs) (Figure 4A). Post-fencing wetland vegetation 
recovery is shown in Figures 4B, C and D.

Figure 3. Massey springs: A) 2005 (unfenced), impact score 1, condition class ‘Critical’; B) 2011 (unfenced), impact score 4, 
condition class ‘Good’; C) 2013 (unfenced), impact score 2.7, condition class ‘Significant concern’; D) 2015 (fenced), impact 
score 2.7, condition class ‘Significant concern’.



8 Stephen peck 

Figure 4. Tunga springs: A) 2012 (unfenced), impact score 1, condition class ‘Critical’; B) 2013 (fenced), impact score 2, 
condition class ‘Significant concern’; C) 2014 (fenced), impact score 3.7, condition class ‘Good with some concern’; 
D) 2015 (fenced), impact score 4, condition class ‘Good’.

Fish Springs – Vent 3
In 2011, the spring vegetation was heavily grazed, with 
high levels of ground disturbance and poor water  quality. 
Prior to 2011, this spring was often completely turned 
over by pigs and was in a highly degraded condition 
(Peck, pers. obs). In 2012, the spring was fenced and the 
condition of the spring improved markedly. However, 
the fence was frequently compromised by local flood 
damage between 2012 and 2015, resulting in ongoing 
feral animal access and impact on the spring. In 2015, 
a mesh fence was constructed, restricting feral animal 
access to the spring while still allowing macropod 
access. Utricularia fenshamii had not been recorded 
(flowering) at Fish springs prior to the construction of 
the mesh fence in 2015, but is now considered abundant. 
The absence of flowers in other years was most likely 
the result of preferential and ongoing grazing. In 2017, 
the height of the fence was increased, further restricting 
macropod access to the spring. The spring condition 
improved markedly despite below-average rainfall.

Fish Springs – Vent 9
In 2011, the spring vegetation was heavily grazed, 
with high levels of ground disturbance and poor 
water quality (Figure 5A). The condition of the spring 
improved in 2012 on the back of several years of 
above-average rainfall before declining in 2013–2014. 
In 2014, a mesh fence was constructed, restricting 
feral animal access to the spring while still allow-
ing macropod access. The condition of the spring 
improved markedly despite several years of below-
average rainfall (Figure 5B).

Poached Egg Spring
Poached Egg Spring is an unvegetated-water spring. 
Prior to 2005 it was highly impacted by feral horses, 
removing the adjacent vegetation (shrub and ground 
cover) and reducing the springs to a muddy bog (Peck, 
pers. obs) (Figure 6A). Recovery of the springs and 
adjacent areas was slow post-fencing in 2005. However, 
the condition improved markedly in 2010, mostly as 
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a result of above-average rainfall in that year (Fig-
ure 6B). Calocephalus glabratus is an endemic daisy 
from the Eulo supergroup. It is a palat able  species and 
 suffers from over-grazing. Once scarce at Poached Egg 
Spring, this population has recovered post-fencing and 
is now considered to be the single largest population of 
this vulnerable  species (Silcock et al., 2014).

Feral Animal Impact Assessment
There was considerable variation in the results of the 
condition class assessment for Massey springs. In 
2005 (pre-fencing), Massey springs assessment score 
was 1 for grazing and water quality and 2 for ground 
disturbance, giving an average of 1.3. The condition 
class was deemed to be ‘Critical’. In 2011 and 2012 
(pre-fencing), the assessment score was 4 for all three 
assessment criteria, with an overall average of 4. The 
condition class was deemed to be ‘Good’. Between 
2013 and 2017, the average impact assessment score 
range was 2.7–3. The condition class was considered 
to be of ‘Significant concern’ (Table 3). After fencing, 
ground disturbance and water conditions stabilised 
while grazing impacts were increased.

The average impact scores for Tunga springs in 
2012 and 2013, prior to fencing, were 1 and 2 with a 
condition class of ‘Critical’ and ‘Significant concern’, 
respectively. Post-fencing in 2013, the average con-
dition assessment scores increased to 3.7, 4, 4 and 4 
for 2014, 2015, 2016 and 2017, respectively. The over-
all condition class was ‘Good’ (Table 3). 

Prior to fencing in 2011, the condition of Fish – 
vent 3 was 1 – ‘Critical’. The condition has continued 
to improve post-2013, with an impact score and condi-
tion class range of 3.7 (‘Some concern’) to 4 (‘Good’). 
Prior to the construction of the mesh fence at Fish – 

vent 9 in 2014, the condition class and impact score 
remained low. Following the construction of the mesh 
fence in 2014, the condition of the spring improved 
and has remained ‘Good’ for several years (Table 3). 

The Poached Egg Spring impact scores remained 
low between 2005 and 2008: ranges 1 (‘Critical’) and 
2 (‘Significant concern’). There was gradual improve-
ment recorded between 2008 and 2009. The condition 
class was deemed to be 4 (‘Good’) in 2010 and has 
remained that way since (Table 3).

Quantitative Biological Assessment
Mean Plant Species Richness
Mean plant species richness was lowest at both Massey 
and Tunga spring groups prior to fencing. Mean plant 
species richness increased throughout the monitoring 
period for both sites (Figure 7). Massey springs had a 
lower mean plant species richness (range: 1–3 species) 
compared to Tunga springs (range: 2.33–6 species).

Indicator Species
Snails were not detected at Massey springs or were 
scarce in six out of the eight years (75%) and abundant 
in two consecutive years (25%) (Table 4). Snails were 
not detected at Tunga springs for the first four years 
(66.7%) and were scarce in 2016. In 2017, snails were 
abundant at Tunga springs and were recorded from 
five vents, including the bore and tail and three central 
vents with limited connectivity with each other, and 
one small vent that is >10 m from the nearest vent with 
snails (Table 4). In 2013, this vent had a small pool of 
water with <2 m2 of wetland vegetation consisting of 
grazed Cyperus laevigatus. Snails were absent from 
both sites when pest animal impact was high and 
unmanaged.

Figure 5. Fish springs – vent 9: A) 2012 (unfenced), impact score 1, condition class ‘Critical, pig damage’; B) 2016 (fenced), 
impact score 4, condition class ‘Good’.
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Figure 6. Poached Egg Spring: A) 2005 (unfenced), impact score 1, condition class ‘Critical’; B) 2012 (fenced), impact 
score 4, condition class ‘Good, above-average rainfall’.

Figure 7. Mean plant species richness in the ground disturbance zone. Tunga springs were fenced in November 2013 and 
Massey springs in July 2014. Note: 2005–2006, 2009, 2013–2015 and 2017 were years of below-average rainfall.

Feral Animal Activity
Goats and pigs were present at all spring sites, with 
either animals sighted or evidence such as tracks, fresh 
dung, wallows and rooting recorded on all  visits. Feral 
animal activity appeared to be influenced by rainfall, 
with higher activity recorded during below-average 
or average rainfall years compared to lower activity 
during above-average rainfall years. Small numbers 
(2–10) of wild horses were recorded at Poached Egg, 
Basin Bore, Wetsoak, Yarraman and Fish springs. 
Large numbers of feral goats (>300/day) and feral 

pigs (2–10/day) were recorded at Massey springs. 
Tunga springs also supported large numbers of feral 
goats (>200/day) and pigs (2–10). Goat  activity was 
short in duration, usually less than 1 hour per visit 
and typically involved watering and grazing on spring 
vegetation. It was not possible to determine whether 
individual goats made multiple visits in a  single day. 
Pigs, pig wallows and rooting were recorded at all 
spring sites. Pig activity was long in duration, with 
camera trap data indicating that some individual pigs 
are semi-permanent spring residents.
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Table 3. Impact assessment and condition class for Massey springs, Tunga springs, Fish – vent 3, Fish – vent 9, and 
Poached Egg Spring. Animal impacts on vegetation (grazing), ground condition (pugging and rooting) and water quality 
(turbidity and odour) were scored between 1 and 4. Legend: 1 – Highly impacted; 2 – Mostly impacted; 3 – Minor impact; 
and 4 – No impact. Condition classes are linked to impact scores: ■ Good; ■ Good with some concern; ■ Significant 
concern; and ■ Critical. 

Spring Year Grazing Ground condition Water quality Average impact score and condition class

Massey 2005 1 2 1 1.3
2011 4 4 4 4
2012 4 4 4 4  
2013 2 3 3 2.7
2014* 3 3 3 3
2015* 2 3 4 3
2016* 2 3 4 3
2017* 2 3 4 3

Tunga 2012 1 1 1 1
2013* 2 2 2 2
2014* 3 4 4 3.7
2015* 4 4 4 4
2016* 4 4 4 4
2017* 4 4 4 4

Fish – vent 3 2011† 1 1 1 1
2012† 4 4 4 4
2013† 2 2 2 2
2014† 4 4 4 4
2015* 4 4 4 4
2016* 3 4 4 3.7
2017* 4 4 4 4

Fish – vent 9 2011† 1 1 1 1
2012† 3 3 3 3
2013† 1 1 2 1.3
2014* 1 1 1 1
2015* 4 4 4 4
2016* 4 4 4 4
2017* 4 4 4 4

Poached Egg 1999 1 1 1 1
2005* 1 1 1 1
2006* 1 2 3 2
2007* 1 2 2 1.7
2008* 2 2 2 2
2009* 3 3 3 3
2010* 4 4 4 4
2011* 4 4 4 4
2012* 4 4 4 4
2013* 4 4 4 4
2014* 4 4 4 4
2015* 4 4 4 4
2016* 4 4 4 4
2017* 4 4 4 4

* Year the spring group was fenced.
† Year the individual spring was fenced but fence was flood damaged.
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Table 4. Detectability of Jardinella species: NT – Not Detected, S – Scarce, and A – Abundant; mean impact score and 
condition class, with 1 – Highly impacted, 2 – Mostly impacted, 3 – Minor impact, and 4 – No impact. Condition classes are 
linked to impact scores ■ Good, ■ Good with some concern, ■ Significant concern, and ■ Critical for Massey and Tunga 
spring groups between 2005 and 2017. Annual rainfall data for Hungerford weather station showing if the year was: below 
average – Below; above average – Above; and average – Average (annual average = 295.5 mm). 

2005 2011 2012 2013 2014 2015 2016 2017

Annual total rainfall Below Above Above Below Average Below Above Below

Massey 
Snail detectability

NT A A S S NT S NT

Massey 
Mean impact score

1.3 4 4 2.7 3* 2.7* 2.7* 2.7*

Tunga 
Snail detectability

— — NT NT NT NT S A

Tunga 
Mean impact score

— — 1 2* 3.7* 4* 4* 4*

* Year the spring group was fenced.

Discussion
Pest animal exclusion fencing is a practical and effec-
tive management tool for protecting wetland areas 
of high conservation value, especially in situations 
where baiting, shooting and mustering fail to pro-
vide sustainable outcomes (Negus et al., 2019; Peck 
& D’Souza, unpublished data; Clapperton & Day, 
2001). However, fencing as a management tool is not 
cheap and requires significant ongoing maintenance 
to remain effective (Negus et al., 2019). 

Mesh fences are more effective at excluding feral 
animals from small areas compared to wire fences. 
The cost of constructing a mesh fence is relatively 
high compared to the cost of wire fences; however, 
the cost difference is offset by mesh fences being 
smaller and better suited to protecting individual 
springs or small spring groups that are not suitable for 
the wire fence option. One common complaint about 
mesh fences is their impact on the aesthetic values of 
the area, as they are usually located relatively close 
to the spring wetland and therefore are readily seen. 

While the main objective of this program was the 
protection of the artesian springs of the Eulo super-
group, it could be argued that wire fences were less 
effective and therefore mesh fences are a better  option. 
However, regardless of the design, the condition of the 
fenced springs was better than their unfenced state. 
The lower cost of wire fences makes them suitable 
for fencing larger areas, and therefore land managers 
could consider wire fences for protecting springs and 
other landscape values associated with the springs, 
such as the First Nation Peoples cultural values. For 

example, the Yarraman springs fence protects a total 
area of 440.4 ha, which includes only a few low-value 
springs with at least one mound spring containing 
mega-fauna remains. However, the fence protects a 
large Budjiti Peoples cultural area identified during 
the pre-fencing cultural clearance survey from on-
going pest animal disturbance.

Densities of domestic and feral ungulates and 
several species of kangaroo have increased through-
out arid Australia through the increase of artificial 
watering points (Fensham & Fairfax, 2008). Previous 
research has shown that the impacts from domestic 
stock, including grazing and ground disturbance, 
have a negative impact on spring wetlands, reducing 
 species diversity (Rossini et al., 2017a,b; Gotch, 2013; 
Kovac & Mackay, 2009; Niejalke & Kovac, 2003). 

The results of this study show that species diver-
sity along the vegetated edge of spring wetlands and 
snail detectability were lowest during periods of high, 
uncontrolled feral animal activity. While the initial 
recovery happened quickly, plant species richness 
is still increasing four years after total feral animal 
exclusion at Tunga springs, and even when feral 
animal activity was reduced at Massey, it had not 
stabil ised over a three-year period. The abundance 
of the amphibious gastropods J. eulo and J. cf. eulo 
appears to be negatively correlated with increased 
 levels of feral animal disturbance of the spring wet-
lands, especially in areas of shallow clear water. 
The results of this study support the results of other 
research that domestic and feral animals do nega-
tively impact artesian spring wetland communities, 
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especially during years of below-average rainfall 
(Davis et al., 2017; Peck & D’Souza, unpublished 
data; Gotch, 2013; Fensham et al., 2010; Unmack & 
Minckley, 2008; Niejalke & Kovac, 2003).

The results of this study show that artesian spring 
wetlands communities have significant capacity for 
recovery when disturbance pressures are removed. 
The condition and impact assessment results for 
Massey (2011; 2012) and Fish (2012) springs indicated 
that the springs were in ‘Good’ condition despite not 
being fenced. These years corresponded with years 
of above-average rainfall. In these wetter years, feral 
and native species disperse across the landscape in 
response to improved food and water availability, and 
feral animal activity and impacts at the springs are 
reduced (Peck, pers. obs). 

Evaluating the effectiveness of management actions 
is an essential part of good protected area manage-
ment. Evaluating management effectiveness is vital at 
local, regional and national levels to ensure targeted 
management actions are meeting their intended goals 
(Hockings et al., 2006). Queensland Parks and Wildlife 
Service and Partnerships has an obligation under their 
management instruments (management plans) to ensure 
the protection of areas recognised for their significant 
natural values. While management decisions need to 

be based on scientific evidence, practical monitoring 
tools are required to allow protected area manage-
ment staff to undertake routine monitoring of complex 
natural systems. The results of this study show that 
there was a strong relationship between the condition 
class and impact assessment scores and the biological 
assessment results, indicating that the qualitative con-
dition assessment described here is an efficient tool for 
evaluat ing management effectiveness.

The results of this study indicate that feral animal 
activity can be managed effectively through appropri-
ately designed exclusion fences, and that when feral 
animal activity is well managed, artesian spring wet-
land communities have a considerable capacity for 
recovery. Small mesh fences are more effective at pro-
tecting individual or small groups of springs, while 
large wire fence designs may be more appropriate 
when broader aesthetic, cultural and other environ-
mental values require protection. The results show that 
evaluating management effectiveness can be achieved 
using appropriately designed qualitative assessment 
tools. The benefit of these qualitative tools is that they 
are easier for local management staff to use, interpret 
and present results on a routine basis, potentially pro-
viding early-warning signals of changes that require 
quantitative ecological assessment.
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