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Abstract 
 
Development of a new coal mine in Central Queensland has the potential to impact on the 
ecosystem health of ephemeral creeks within and downstream of the mining lease in a number 
of ways: most notably by stream diversion and discharge of groundwater to the creeks.  An 
instream aquatic ecosystem monitoring program has been designed and developed by 
frc environmental on behalf of Rio Tinto Coal Australia Pty Limited. The program reflects their 
desire to accurately detect and manage impacts of the mine.  In order to provide rigorous and 
defensible results, the program exceeds agency requirements to use ‘standard’ broad-scale 
monitoring techniques such as AusRivAS.  It includes replicated sampling of freshwater macro-
invertebrates, and the use of both univariate and multivariate statistical techniques to detect 
impacts.  This paper discusses the findings of the monitoring program, evaluates the adequacy 
of the sampling design, and outlines appropriate modifications.   We also explore differences in 
results found in a dry year (autumn 2007) and after a significant wet season (autumn 2008).  
These findings provide an insight into how the ecology of ephemeral and intermittent streams 
may respond to climate change (e.g. increased frequency and intensity of flood events). 
 
 
Introduction 
 
Rio Tinto Coal Australia Pty Limited, on behalf of the participants in the Clermont Joint Venture, 
is currently developing the Clermont Coal Mine.  Gowrie and Teatree Creeks, and various minor 
tributaries of Apsley Creek, run through the lease area (Figure 1).  The Mine’s Environmental 
Impact Study has identified that the development of the mine, and subsequent mining 
operations have the potential to impact the water quality and consequently the floral and faunal 
communities of these waterways.  Specifically, four aspects of mine development have the 
potential to significantly impact upon aquatic ecology (from frc environmental 2004): 

• There will be the direct loss of around 8 km of ephemeral watercourse from Gowrie Creek. 
A diversion channel of approximately 8.5 km in length will be created to provide continuity 
of stream channel. 

• The alteration of hydraulic regimes and stream water quality.  Groundwater not used by 
the mine or other local entities will be discharged to Gowrie Creek from the Advanced 
Dewatering Dam.  The waters discharged will vary over time in quality and quantity.  
Discharges will coincide with flow events in Gowrie or Wolfang Creeks. 

• Realignment of the Peak Downs Highway and Gregory Developmental Road to the west 
and north of the mine will require a number of new crossings of tributaries of Apsley 
Creek, and of the Gowrie Creek diversion.  Development of a conveyor route from the 
mine site, north to Blair Athol mine will also cross a number of minor waterways. 

• Upon decommissioning of the mine, the pit or void will fill with groundwater and rainfall to 
create a new permanent water body in close proximity to Gowrie and Wolfang Creeks.  A 
number of minor dams may also remain (the Mine Water Dam, various sediment dams 
and other minor structures). 
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A monitoring program has therefore been implemented to enable the early detection of impacts, 
and to support the mine’s Environmental Management Plan.  The monitoring program was 
designed to detect any significant impacts of the mine on aquatic ecosystems, using River Bio-
assessment Scores to monitoring physical stream habitat, and the AusRivAS models to monitor 
macro-invertebrate communities, in accordance with the relevant conditions of the EPA’s issued 
Environmental Authority.   
 
However, AusRivAS is a rapid-assessment tool, and was not designed for use as an impact-
monitoring tool; the Queensland AusRivAS model outputs currently offer limited interpretive 
power; and the current Queensland AusRivAS models are based upon spring or autumn 
sampling (which in the study area is difficult to achieve, as water is often only present at some 
of the survey sites during the wet, summer months).  Therefore, additional analytical techniques 
to enhance the monitoring program’s sensitivity and rigour were incorporated into the monitoring 
program design.  These data analyses are not reliant upon sampling within a prescribed 
season. 
 
Three monitoring events have been completed so far: in autumn 2007 (prior to the 
commencement of major construction activities), and in both summer and autumn 2008 (after 
the commencement of mine construction activities).  No water has been discharged into the 
creeks, nor has the Gowrie Creek diversion been commissioned. 
 
 
Background 
 
Gowrie Creek rises in low hills to the north-west of the Clermont Coal Mine lease, and runs 
south-east through the lease, flowing into Wolfang Creek approx. 1.6 km to the south of the 
lease boundary.  Wolfang Creek then flows south to Sandy Creek, which flows east into 
Theresa Creek approximately 54 km downstream, joining with the Nogoa River another 55 km 
downstream.  The Gowrie, Wolfang and Sandy Creek systems form a part of the northern 
extent of the Fitzroy River drainage, and fall within the ‘north-east coast drainage bioregion’ 
(EPA 1999).  They are a part of the Theresa Creek and Tributaries Subcatchment, which covers 
an area of 11, 514 km2 (Henderson 2000). 
 
Gowrie, Teatree, Apsley, Wolfang and Sandy Creeks in the vicinity of the lease are each 
ephemeral waterways (although there is a weir on Sandy Creek, upstream of its confluence with 
Wolfang Creek, which creates an upstream perch of semi-permanent water). Therefore, aquatic 
ecology monitoring is limited to the wet season. 
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Figure 1 Location of Clermont Coal Project (black boxes), showing the location of Aquatic Ecology 

monitoring sites. 
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Methods 
 
Survey Sites 
 
Both sites that may be impacted by the mine activities, and unimpacted ‘control’ sites are 
sampled (Figure 1).  Sample sites were chosen from topographical maps so that they represent 
the range of reach types that may be impacted by the mine (e.g. small- to mid-order streams 
ranging between 250 and 290 m elevation). 
 
Since the first monitoring event, construction activities in the vicinity of site 1 have impacted on 
the habitat of Gowrie Creek.  Therefore, a new control site was added to the program in 
summer 2008 (site C6 on Wolfang Creek), and site C1 was not sampled in autumn 2008. 
 
Some sites were dry at the time of sampling (Table 1). 
 

Table 1 The presence of water and the nature of the survey conducted at each site during each 
survey event. 

April 2007 February 2008 May 2008 

Site No. 
Dry 

(habitat 
only) 

Wet (habitat, 
water quality 

& macro-
invertebrates)

Dry 
(habitat 

only) 

Wet (habitat, 
water quality & 

macro-
invertebrates) 

Dry 
(habitat 

only) 

Wet (habitat, 
water quality & 

macro-
invertebrates) 

Impact Sites      

I1a       

I2       

I3       

I4       

I5       

Control Sites      

C1     Not 
surveyed 

Not surveyed 

C2       

C3       

C4       

C5       

C6 Not 
surveyed 

Not surveyed     

 
 
Survey Timing 
 
Macro-invertebrate communities within ephemeral waterways are highly variable over time, with 
community structure strongly linked to flow conditions (Smith et al. 2004).  To account for this 
expected high temporal variability in community structure in the sampling design, two monitoring 
events per year have been scheduled: in the early wet season (November – February); and in 
the late wet season (March – May).  Survey timing in any given year is determined by tracking 
Bureau of Meteorology rainfall records, and by liaison with the Mine’s Environmental Officers on 
site.  The first survey event occurs after significant rainfall (enough rainfall to create running 
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water in the creeks); and the second event occurs when only isolated pools remain in the 
creeks.  
 
 
Physical Habitat Assessment 
 
During each survey event, water quality is sampled in situ at each site using a TPS 90FLT water 
quality meter.  Water quality at each site is compared to Queensland Water Quality Guideline 
(QWQG) values (EPA 2006).   
 
Instream habitat is described at each site in each survey event using AusRivAS physical 
assessment protocols (DNRM 2001).  River Bioassessment Scores are also recorded for each 
site (DNRM 2001). 
 
 
Univariate Data Analysis 
Habitat scores cannot be replicated within sites.  Therefore, total scores were grouped as either 
‘impact’ or ‘control’, with ‘site’ being the replicate.  An analysis of variance (ANOVA) was used 
to determine differences between ‘impact’ and ‘control’ sites for each survey event.  The 
distribution and homogeneity of variance were checked using distribution plots and Cochran’s 
Test.  Univariate analyses were performed using STATISTICA software. 
 
 
Mulitvariate Data Analysis 
The River Bioassessment Program habitat scores combine all habitat variables into one 
numerical score.  Multivariate analysis can consider the contribution of each of the individual 
habitat variables to differences in habitat between sites.  We used Principal Components 
Analysis (PCA) to provide a measure of the relative contribution / importance of each habitat 
variable to the differences in scores between sites. The PCA analysis was performed using 
PRIMER software, and was based on a Euclidean distance dissimilarity matrix. 
 
 
Macro-invertebrate Communities 
 
Field Surveys 
During each survey event, macro-invertebrate communities are sampled at each site in 
accordance with AusRivAS protocols (DNRM 2001).  In autumn 2007 and summer and autumn 
2008, we collected samples using standard triangular-framed dip-nets (250 µm mesh) from the 
substrate of pools (‘bed’ samples), and from amongst fringing and trailing bank vegetation 
(‘edge’ samples). 
 
Three replicate AusRivAS kick samples (10 m length) were collected from bed habitats of all 
sites surveyed for macro-invertebrates (refer to Table 1).  Three replicate samples were also 
taken from edge habitats at: 

• sites C5, I3 and I4 in April 2007 

• all sites in February 2008 (when water levels were high enough to inundate edge 
habitat), and 

• sites C4, I3 and I4 in May 2008. 
However, due to the lack of available edge habitat, these samples were representative of 
habitat approximately 3.3 m in length; and only one sample was collected from site C2 in 
February 2008. 
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Samples were frozen and returned to frc environmental’s Brisbane laboratory where they were 
sorted, and invertebrates counted and identified to the lowest practical taxonomic level (in most 
instances family) to comply with methods described in Chessman (2003).  The data was then 
analysed as described below. 
 
 
Calculation of Macro-invertebrate Indices 
A number of indices have been developed for freshwater macro-invertebrate communities, to 
provide an indication of ecosystem health.  Diversity indices measure the number of species 
and the evenness of the distribution of population or biomass among species in an ecosystem.  
We calculated the taxonomic richness, Shannon-Weaver Index and Reciprocal Simpson’s Index 
for each sample collected. 
 
While some groups of macro-invertebrates are tolerant of pollution and environmental 
degradation, others are sensitive to these stressors (Chessman 2003).  The Plecoptera 
(stoneflies), Ephemoptera (mayflies), and Trichoptera (caddisflies) are referred to as PET taxa 
and are typically the first to disappear when water quality or environmental degradation occurs 
(EHMP 2004).  The lower the PET score, the greater the inferred degradation. PET richness  
was calculated for each sample. 
 
SIGNAL (Stream Invertebrate Grade Number — Average Level) scores are also based on the 
sensitivity of each macro-invertebrate family to pollution or habitat degradation.  The SIGNAL 
system has been under continual development for over 10 years.  The current version, which 
takes into account the relativel abundance of each taxonomic group, is known as SIGNAL 2 
(Chessman 2003).  We calculated SIGNAL 2 scores for each sample collected. 
 
AusRivAS (the Australian River Assessment System) is a standardised, rapid assessment 
sampling and prediction system used to assess the health of Australian Rivers. AusRivAS was 
developed at the CRC for Freshwater Ecology under the National River Health Program (Coysh 
et al. 2000).  The AusRivAS predictive model for western Queensland was used to determine 
AusRivAS bandings for the samples taken at each site. Community and habitat data from each 
of the sites and habitats sampled was analysed using the appropriate model for Queensland 
inland pools or edge habitats sampled in autumn (including for data from the February 2008 
event, as there are no models available for summer, and February is closer to autumn than 
spring).  The data from the three edge replicates was pooled for the AusRivAS analysis, as the 
model is based on sampling a 10 m stretch of habitat.  That is, only one AusRivAS band was 
recorded per site for edge habitats. 
 
 
Univariate Data Analyses 
As habitat type (e.g. bed and edge) is strongly linked with macro-invertebrate richness, 
composition and abundance, separate analyses were done for each habitat.   For bed habitats, 
differences in taxonomic richness, diversity, PET richness, SIGNAL Score and AusRivAS 
scores between control and impact locations over time were analysed using a nested two-way 
Analysis of Variance (ANOVA) for the bed habitats (with site nested in location).   
 
As only some sites held water during autumn survey periods, and not all control sites were 
sampled in all survey events (Table 1), some sites were not included in the ANOVA, to ensure 
that there was a balanced sampling design.  For the control group, sites C3 and C5 were 
included across all survey events; site C1 was included in autumn 2007, and site C4 was 
included in summer 2008 and autumn 2008.  For impact sites, sites I1a, I3 and I4 were included 
in the analysis.  These sites were included in preference to site I5, where recent impacts un-
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related to the mine (earth moving and ford construction) were noted.  As the sites included in 
the analysis were based on accessibility and the presence of water, site was selected as a 
random factor in the analysis. 
 
As there were not enough edge habitats sampled for a nested ANOVA design, differences in 
each macro-invertebrate index between sites over time for edge habitat were analysed using a 
two-way ANOVA.  AusRivAS banding were not analysed for edge habitats, due to a lack of 
replication in edge habitats.  Site was set as a random factor for the analysis, as the choice of 
site was based on the presence of water and edge habitat during sampling.  For the control 
group, site C5 was included in autumn 2007 and summer 2008, and site C4 was included in 
autumn 2008.  For impact sites, sites I3 and I4 were included in the analysis. 
 
The distribution and homogeneity of variance were checked using distribution plots and 
Cochran’s Test, and data were log(x+1) transformed where required.  Where the transformation 
did not correct for the distribution or heterogeneity of variance, the untransformed data were 
used and results interpreted with caution (Underwood 1997).  Where an ANOVA indicated there 
were significant differences among means, Student Newman-Keuls (SNK) post-hoc tests were 
used to separate and group means. 
 
 
Multivariate Analyses 
Macro-invertebrate community structure was analysed using multivariate techniques. 
Abundance data were fourth-root transformed for each sample, and converted to a Bray-Curtis 
similarity matrix.  Differences among control and impact locations and individual sites for each 
survey event were analysed using a nested Analysis of Similarities (ANOSIM) (Clarke 1993), 
with site nested in location.  Separate analyses were done for each of the habitats sampled.  
The results of the analyses were visualised using non-metric MDS (multidimensional scaling). 
 
ANOSIM generates an ‘R’ value that lies between -1 and +1 (all similarities within groups are 
less than any similarity between groups), a value of zero representing the null hypothesis (no 
difference among a set of samples) (Clarke & Warwick 2001).  Comparison of pair-wise R 
values gives an indication of how different communities are: we interpreted R values close to 0 
to indicate little difference, values around 0.5 to indicate some overlap, and values close to 1 to 
indicate many, or substantial differences.  A difference between communities was considered to 
be significant if the p-value was below 5% (0.05). 
 
Where substantial changes between communities were noted, community data was also 
analysed using SIMPER (similarity percentages – species contributions) to determine which 
taxonomic groups were responsible for differences in assemblages (Clarke 1993). 
 
 
Results and Discussion 
 
Water Quality 
 
Dissolved oxygen (DO) concentrations, pH and turbidity levels were mostly non-compliant with 
the Queensland Water Quality Guideline (QWQG) values (EPA 2006).  Conductivity was below 
the QWQG value across all sites and surveys. 
 
At most sites, water quality was variable over time.  However, there were no apparent patterns 
linking mine construction activities to water quality.  For example, DO concentrations in Wolfang 
Creek were typically better at the site downstream of mine construction activities (site I4) than 
control sites upstream of mine construction activities (sites C4 and C6) (Figure 2).  Turbidity 
was particularly high at site I2 (Gowrie Creek, downstream of mine construction) in February 
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2008, the only survey event when this site held water (Figure 3).  At this time, the water was 
opaque and orange in colour.  This was unlikely to be related to runoff from mine construction 
activities, as there was no obvious impact at the site upstream on Gowrie Creek (site I1a). 
 

 
Figure 2 Dissolved oxygen concentrations at each of the sites compared to the QWQG for central 

coast Queensland waters (upland freshwater) (EPA 2006). 

 
Figure 3 Turbidity levels at each of the sites compared to the QWQG for central coast Queensland 

waters (upland freshwater) (EPA 2006). 

 
 
Instream Habitat 
 
Across the study area, instream habitat has been negatively impacted by:  
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• riparian clearing and erosion associated with cattle grazing and other forms of agriculture 

• runoff containing sediment, nutrients and potentially contaminants, and  

• waterway barriers such as fords and undersized culverts. 

 
Riparian clearing and invasion by exotic species, including Parthenium hysterophorus (a listed 
weed of national significance), has reduced the amount of terrestrial debris such as leaf litter 
and fallen logs within the stream.  This has consequently reduced habitat and food available to 
aquatic fauna. 
 
Overall, the impact sites had significantly higher river bioassessment health scores than control 
sites across all years (ANOVA p < 0.05).  That is, mine construction activities do not appear to 
have negatively impacted on aquatic habitat, as there has been no significant change in the 
relative habitat condition of the impact and control sites.  There were no obvious upstream / 
downstream trends in scores; instead scores tended to reflect the surrounding environmental 
impacts at any given site.   
 
The habitat bio-assessment scores at impact and control sites differed across all surveys, as  
control sites and impact sites grouped separately from each other in the PCA analysis for each 
survey event (e.g. Figure 4).  The variation between impact and control sites was primarily due 
to differences in:  

• bank stability (due to higher erosion and lower bank stability at the control sites) 
• bottom substrate / available cover (e.g. there was more stable habitat such as 

submerged logs at the impact sites) 

• embeddedness (due to a higher proportion of fine sediment ‘embedding’ larger particles 
at the control sites) 

• channel alteration (due to less alteration at most impact sites), and 

• bottom scouring and deposition (due to increased scouring / erosion on bends, and 
increased sediment deposition in pools, at the control sites). 

 
Each of the habitat features contributing to the differences between sites in each year has not 
been impacted by mine construction activity. 
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Figure 4 Principle Components Analysis (PCA) of the river bioassessment variables at each site in 

autumn 2007.  The two displayed axes of the PCA account for 60.9% of the variation 
observed between the impact and control sites.  PC1 primarily reflects variation in bottom 
substrate / available cover, embeddedness and bottom scouring; PC2 primarily reflects 
variation in bank stability, velocity / depth category, channel alteration and bank vegetative 
stability. 

 
 
Macro-invertebrates 
 
Community Structure 
Macro-invertberate communities sampled in each event were dominated by beetles (families 
Dyticidae, Hydraenidae and Hydrophilidae), water bugs (families Veliidae and Corixidae), and 
non-biting midge larvae (sub families Chironominae and Tanypodinae).  
 
Within edge habitats, there was a significant difference between the communities sampled 
across control and impact locations in summer 2008 (ANOSIM: summer 2008 R = 0.296, p = 
2.4%).  This difference was due to differences in the abundances of a range of taxa (10 
taxonomic groups were responsible for 50% of the variation between sites), and was not due to 
a greater abundance of taxa indicative of pollution at the impact sites (for example, there were 
more Chironomid non-biting midge larvae at control sites) (SIMPER). That is, the difference 
between control and impact locations in autumn 2008 cannot be attributed to a negative impact 
from mine construction activities. 
 
There were large differences between the communities sampled from edge habitats at each site 
in autumn 2007 (note the separation of sites in Figure 5).  This separation between sites was 
less pronounced in summer 2008 and autumn 2008, with larger differences between replicates 
within a site (Figure 5). These differences are likely to reflect differences in the type, quality and 
availability of edge habitat at each of the sites.  Edge habitat availability was greater in summer 
2008 compared with the other survey events.   
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Figure 5 MDS ordination, which visually represents differences in macro-invertebrate community 

structure between edge habitats at each site sampled in A) autumn 2007, B) summer 2008 
and C) autumn 2008. 

 
In bed habitats, there was no significant difference between the communities sampled across 
control and impact locations overall (ANOSIM: autumn 2007 R = 0.037, p=37.1%; summer 2008 
R = 0.056, p = 31.4%; autumn 2008 R = 0.201 p = 10%).  Communities at control and impact 
locations were more different in autumn 2008 compared with the other events.  This was due to 
a greater abundance of taxa sensitive to pollution (such as Chironomid non-biting midge large, 
Ceratopogonid biting midge larvae) at control sites than impact sites (SIMPER).  At impact sites, 
there were higher numbers of Dyticid diving beetles and the more pollution-sensitive Leptocerid 
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caddis flies, amongst other taxa (SIMPER).  That is, the difference between control and impact 
locations in autumn 2008 does not appear to be due to a negative impact from mine 
construction activities. 
 
Similar to edge habitats, there were differences between the communities sampled from 
individual sites in edge habitats (ANOSIM: autumn 2007 R = 0.89, p=0.01%; summer 2008 R = 
0.572, p = 0.02%; autumn 2008 R = 0.628 p = 0.01%).  Again, similar to edge habitats, there 
was relatively high spatial variation between replicates within a site, especially in 2008 (Figure 
6). 
   

 
Figure 6 MDS ordination, which visually represents differences in macro-invertebrate community 

structure between bed habitats at each site sampled in A) autumn 2007, B) summer 2008 
and C) autumn 2008. 
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Richness and Diversity 
Taxonomic richness, Shannon-Weaver diversity and Reciprocal Simpson’s diversity of 
communities from edge habitats did not differ significantly between sites over time (ANOVA, p > 
0.05).  Similarly, richness and diversity did not vary significantly between control and impact 
locations over time.  That is, overall no impacts of mine construction on macro-invertebrate 
diversity were detected. 
 
Richness and diversity was often high in edge habitats sampled in summer 2008 (Figure 7).  
This is likely to be because water levels were higher at each site in summer 2008 than in the 
autumn survey events.  Higher water levels increased the amount of edge habitat available for 
macro-invertebrates to colonise. 
 
There were differences in macro-invertebrates diversity in bed habitats between sites over time 
(ANOVA, p < 0.05).  This was mainly due to the absence of macro-invertebrates in the bed 
habitat of site I1a in summer 2008, and low diversity at site C4 in summer 2008 (SNK test, p < 
0.05).  In contrast to edge habitats, macro-invertebrate richness and diversity in bed habitats 
was generally lower in summer compared with autumn at each site surveyed (Figure 8).  At 
sites surveyed in both autumn 2007 and autumn 2008, richness and diversity was typically 
slightly higher in edge habitats, but often lower in bed habitats, in 2008 than in 2007 (Figures 7 
& 8). 
 
 
PET Richness 
In each survey event, PET richness was generally low (zero to three PET families per sample) 
at each of the sites. The low number of PET families is not unexpected in arid areas and within 
ephemeral waterways. By their nature, ephemeral streams are commonly subject to a range of 
severe (natural) stresses, such as nutrient enrichment, high turbidity and salinity, etc. 
(Chessman, B. [Centre for Natural Resources NSW] pers. comm. 2003, 21 October).  
Therefore, PET families are not commonly abundant in these environments. PET richness was 
also low at other sites sampled near Clermont by the Department of Natural Resources and 
Water (DNRW), with between zero to three PET taxa per site1.  
 
For sites where both habitats were sampled, PET richness was highest in edge habitats.  PET 
richness was highly variable over time, however in general PET richness was lower in summer 
compared with autumn at sites that were sampled across multiple seasons (Figure 9). 
 
There were no significant differences in PET richness between sites over time for edge habitats.  
That is, no impacts of mine construction on PET richness in edge habitats were detected. 
 
In bed habitats, there were no significant differences in PET richness overall between impact 
and control locations over time (ANOVA, p > 0.05). That is, no overall impacts of mine 
construction on PET richness in bed habitats were detected.  However, PET richness was 
significantly higher at two control sites (site C3 in autumn 2007 and C4 in autumn 2008) than at 
sites I3 and C5 in autumn 2007 and at most sites in summer 2008 (Figure 9, SNK test p<0.05).  
Due to this high variability, seasonal patterns in PET richness were difficult to detect.  There 
was no trend of a decline in PET richness at impact sites over time. 
 
 

                                            
1 Based on data provided by the Department of Natural Resources, Mines and Energy, Queensland (2004), which gives no 
warranty in relation to the data (including accuracy, reliability, completeness or suitability) and accepts no liability (including 
without limitation, liability in negligence) for any loss, damage or costs (including consequential damage) relating to any use of 
the data. 
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Figure 7 Mean (± S.E.) taxonomic richness, reciprocal Simpson’s diversity and Shannon-Weaver 

diversity of edge habitats at each site surveyed in autumn 2007, summer 2008 and autumn 
2008. 
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Figure 8 Mean (± S.E.) taxonomic richness, Shannon-Weaver diversity and reciprocal Simpson’s 

diversity of bed habitats at each site surveyed in autumn 2007, summer 2008 and autumn 
2008. 
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Figure 9 Mean (± S.E.) PET Richness of macro-invertebrate communities from A) edge habitats and 

B) bed habitats at each site surveyed in autumn 2007, summer 2008 and autumn 2008. 

 
 
SIGNAL 2 Index 
 
SIGNAL 2 scores were < 4 per sample at each site across the seasons surveyed.  Within edge 
habitats, the SIGNAL 2 score varied significantly across those sites surveyed in multiple 
seasons (SNK test p<0.05).  This variation was not indicative of an impact from mine 
construction, as overall, SIGNAL 2 scores were higher at impact sites compared with control 
sites (Figure 10).  There was high spatial variation in the SIGNAL 2 scores between replicate 
samples collected in edge habitats (note the large error bars in Figure 10). 
 
There were no differences in SIGNAL 2 scores in bed habitats between control and impact 
locations over time (ANOVA, P > 0.05). That is, no impacts of mine construction on SIGNAL 2 
scores in bed habitats were detected.  There were some differences in SIGNAL 2 scores across 
individual sites over time; these were mainly due to the low richness and abundance of macro-
invertebrates sampled at sites I1a and C4 in summer 2008.  Differences between sites were not 
indicative of an impact due to mine construction activities.  Overall, SIGNAL 2 scores were 
slightly higher for communities sampled in autumn 2008 in bed habitats than in other survey 
events. 
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Figure 10 Mean (± S.E.) SIGNAL 2 scores of macro-invertebrate communities from A) edge habitats 

and B) bed habitats at each site surveyed in autumn 2007, summer 2008 and autumn 2008. 

 
 
AusRivAS Banding 
 
Each of the macro-invertebrate samples collected in autumn 2007 and autumn 2008 were in 
either Bands A, B or C in the AusRivAS models, suggesting that the sites were of varying 
habitat and water quality, ranging from relatively unimpacted to severely impacted.  
Communities were in slightly better condition in autumn 2008 that autumn 2007.  Some samples 
collected in summer were in band D, indicating that communities were severely impacted by 
pollution or harsh conditions (such as conditions caused by the preceding flood).  However, 
these results should be interpreted with caution, as the AusRivAS model used is based on data 
collected in autumn, not summer.  For example, communities may not have had sufficient time 
to establish to the ‘expected’ modelled community after the flood and high flows. 
 
 
Conclusions and Recommendations 
 
In general, aquatic habitat condition within the study area has been degraded due to catchment 
land-use.  Differences in habitat quality across impact and control sites were correlated with 
differing adjacent land-use.  Overall, habitat quality was consistently higher at the impact sites 
than the control sites, and no impacts of mine construction on receiving water quality or aquatic 
habitat have been detected. 
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Similarly, no impacts of mine construction on aquatic macro-invertebrate communities have 
been detected.  Macro-invertebrate community structure was highly variable between replicates 
and sites, and over time.  Due to this high variability, and the limited number of survey event 
completed so far, seasonal patterns in components of the data were difficult to detect.  
Generally, community richness and diversity in bed habitats was lower in summer than in 
autumn, although edge communities were more diverse in summer, due to the increased 
availability of edge habitat.  Interestingly, there were no major differences in community 
richness or health between autumn 2007 and autumn 2008, indicating that the increase rainfall 
in the 2008 wet season did not contribute to greater health or productivity in the macro-
invertebrate communities in autumn 2008.  These results, although preliminary, indicate that the 
macro-invertebrate communities of these ephemeral environments may be more sensitive to 
changes in the timing and frequency of flood flows, than the magnitude of these flood flows. 
 
Although no impacts of mine construction have been detected, no water has been discharged 
into the creeks, nor has the Gowrie Creek diversion been commissioned.  Therefore, the 
continuation of aquatic monitoring will remain an important aspect of the Mine’s Environmental 
Management Plan.  Consistent monitoring over time may also allow a more robust assessment 
of how macro-invertebrates in ephemeral creeks respond to climatic variations. 
 
The results of monitoring to date highlight the challenges to maintaining a balanced survey 
design and collecting macro-invertebrate data in ephemeral environments that can be reliably 
compared over time.  The inability to sample some sites because they are dry at times has 
reduced the predicted statistical power of the survey design, especially given the large spatial 
variability in communities.  To help to account for this spatial variability, and to help improve 
statistical power (for example, by increasing the possible number of permutations in multivariate 
statistics), a greater number of replicate samples might be taken at each site.  Given the size of 
pools being sampled, the collection of a greater number of quantitative samples, each from a 
smaller, known area (rather than collecting replicate AusRivAS samples) would improve 
statistical rigour.  These refinements would significantly increase the monitoring program’s 
capacity to detect changes in community structure over time, and eliminate the need to also 
collect AusRivAS-based samples. 
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