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5. REPORT ON INDICATOR TRIALS FOR WETLAND CONDITION 
THEMES: CONDITION OF INDIVIDUAL WETLANDS IN THE TRIAL 
REGION, ASSESSMENT OF USEFULNESS 

5.1 Introduction 
The selection of indicators for trial was guided firstly by the proposed national indicators in the final 
report from Conrick et al. (2007) and secondly by the National Water Initiative report ‘Assessment of 
River and Wetland Health: Potential Comparative Indices’ (Norris et al. 2007a). As the NT currently 
does not engage in regular and comprehensive wetland condition monitoring, it was decided to set up 
indicators as in the Framework for Comparative Assessment of the Ecological Condition of Australian 
Rivers and Wetlands (Norris et al. 2007b).  

The nationally proposed indicators were selected for trial, assuming data were available or might 
become available. The availability of data also relates to the necessity to establish a reference condition. 
If no data was available for the Darwin region lagoons, the list in Appendix 9 of the report by Conrick 
et al. (2007): ‘Indicators in use in Australia and overseas’ was used to find an indicator for which data 
was available or could be collected, which was then used for the trials. The goal was to trial at least one 
indicator per theme and establish whether the results would be meaningful and useful.  

Recommendations are made whether the indicators are useful in future wetland health monitoring in the 
Northern Territory with respect to the time and resources needed to collect data for the indicator. 

Emphasis was placed on the use of GIS for the data collection of the indicators for the following 
reasons: 

- some data layers such as ‘vegetation clearing’ or ‘land use’ are readily available for large areas 
of the NT; 

- these data layers are updated periodically and can therefore be used for repeated calculations 
over time to monitor wetland condition on a temporal scale; 

- the need to use remotely sensed data in the NT is large due to limited resources allocated to 
implement wetland condition monitoring in the field. 

As the sub indices and indices were calculated for all lagoons in the study area, the results tables are 
relative long and it was decided to move them all into Appendix 2. Exemptions are the results on the 
Water Quality Index as this is based on 12 lagoons only as well as the Wetland Condition Index table as 
it summarises the outcome of these indicator trials. 

5.2 Indicator setting for the trial project 
As stated above, it was attempted to design the indictor setting such that it is compatible with the 
Framework for Comparative Assessment of the Ecological Condition of Australian Rivers and Wetlands 
(Norris et al. 2007b) with respect to range standardisation and bands of condition.  

Therefore the indicator values range from 1 to 0 with 1 being in excellent and undisturbed condition and 
0 being severely modified and unhealthy. The bands as in Norris et al. (2007b) are listed in Table 1. The 
colour coding is applied according to Norris et al. (2007c).  

In this report results for sub scores or preliminary scores are colour coded on the band column only. For 
final indicator or index scores the band column and the lagoon or catchment name are colour coded. The 
maps provided in Appendix 3 follow the same colour scheme. 
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Table 1: Banding system and general characteristics (Norris et al. 2007b) 

Band Indicator 
score 

Description Characteristics 

A 
 

  
  
  

0.8 - 1 Largely 
unmodified 

• catchment land uses that minimally disturb the wetland, such as conservation, some types of 
forestry, low levels of grazing or cropping 

• at most, limited changes to the hydrological regime 

• at most, limited changes to the physical form (fringing zone intact, no dams or levees, very little 
sediment deposition) 

• loads of suspended sediment, total nitrogen and total phosphorus close to natural 

• wetland plants and animals should be in similar numbers and of similar types to those at 
unimpacted reference sites. 

B 
 

  
  
  

0.6 – <0.8 Slightly 
modified 

• a catchment dominated by land uses that have little effect on water bodies such as state forest or 
protected recreation areas 

• some minor changes to the hydrological regime as a result of diversion or abstraction 

• some minor changes to the physical form, eg. fringing vegetation reduced to 60-80% of original 
coverage, diversion or abstraction upstream, but not in the wetland 

• water quality close to natural, but with occasional minor short term events possible 

• plants and animals with noticeable slight loss in variety and numbers or condition, few, if any 
exotic species present. 

C 
 

  
  
  

0.4 – <0.6 Moderately 
modified 

• a catchment dominated by land uses that disturb the wetland to some extent, such as dryland 
cropping and grazing 

• some changes to the hydrological regime as a result of impoundments or abstraction 

• some changes to the habitat, eg. fringing vegetation reduced to 40-60% of original coverage, 
diversion or abstraction upstream, but not in the wetland, some additional sediment deposition 

• loads of suspended sediment, total nitrogen and total phosphorus above natural 

• plants and animals with substantial loss in variety and numbers or condition. 

D 
 

  
  
  

0.2 – <0.4 Substantial-
ly modified 

• catchment land uses with moderate to severe disturbance, such as intensive cropping and 
irrigated land uses 

• moderate to severe changes to the hydrological regime as a result of impoundments or 
abstractions 

• moderate to severe changes to the habitat, eg. loss of 50-75% or fringing vegetation, connectivity 
affected by nearby dams or levees and substantial sediment deposition 

• poor water quality, possible with moderate to high loads of suspended sediment, total nitrogen 
and total phosphorus  

• plants and animals that show substantial change possibly with obvious invasion of exotic species. 

E 
 

  
  
  

0 – <0.2 Severely 
modified 

• catchment land uses that cause significant disturbance, such as intensive agriculture or 
urbanisation 

• significant changes to the hydrological regime, eg. extended wetting or drying of wetlands, 
changes to seasonality of inundation 

• extensive changes to the physical form, eg. loss of fringing vegetation, loss of connectivity, 
extensive sediment deposition 

• poor water quality, possibly including high loads of suspended sediment, total nitrogen and total 
phosphorus  

• major invasion of weeds and other exotic organisms, little regeneration of aquatic and fringing 
zone species, likely dominance of a few taxa; 80-100% of the animals of the reference condition 
have been lost. 
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5.3 Indicator: Catchment disturbance 

5.3.1 Catchment disturbance indicator selection and calculation 
The proposed measures for this indicator encompass land use, infrastructure and land cover change 
(Conrick et al, 2007, Norris et al 2007a), data on all is available for the Darwin region (Table 2). 

Table 2: Indicator measures for catchment disturbance and data availability 

Indicator Indicator measure Data available for Darwin rural lagoons 

Disturbance in the catchment Land use  
 Infrastructure  

 Land cover change  

 

The Catchment Disturbance Index (CDI) (Norris et al. 2007a) was used for the indicator trial as it 
provided a comprehensive method that uses three catchment disturbance measures which are integrated 
to calculate the CDI. The three measures are land use categories, land cover change and infrastructure. 

The following existing data layers were used to calculate the catchment disturbance indices: 

1. Land Use Mapping Program LUMP (2007, 2003) 

2. Remnant vegetation NVIS (2005)  

3. Land clearing (2005-2007) 

The catchment disturbance calculation is based on the area between the catchment boundary and the 
wetland complex boundary. As described in section 4.3, for numerous man-made wetlands the wetland 
complex boundary equals the mapped catchments layer. Therefore the catchment disturbance 
calculations are based on 101 catchments. 

5.3.1.1 Land use sub score 
Land use in the catchment was calculated using the new LUMP 2007 dataset, where it was available and 
the older LUMP 2003 dataset for the remainder. The new LUMP 2007 takes greater consideration of 
water bodies including lagoons and is therefore spatially more accurate then the 2003 data set. However, 
as the water bodies in LUMP 2007 and the lagoon mapping in this project were carried out 
independently, data calculated for this trial project were not hundred percent accurate. When the 
wetland mapping for the study area is complete, this will be integrated with the LUMP 2007 data, so 
recalculations on this dataset can provide the correct data. For this trial project, the existing data was 
sufficient, besides the fact that the correct data sets were not available as yet.  

Land use categories followed the ALUM classifications Version 6 (ACLUMP 2006) with one 
exemption: The land use category 5.4.3 Rural living is defined as most of the land parcel comprising 
native vegetation with clearing of small areas for the dwelling, bore, septic and fire break. This land use 
category is relatively common in the outer Darwin area and was included in the class 2: Production from 
relatively natural environments. The land use categories are listed in Table 3, an example of a land use 
in the catchment map is given in Figure 6. 

The land use indicator LU was calculated using Norris et al. (2007a) equation: 

LU = 1 – [(fraction category 1 land use * category 1 weight) + (fraction category 2 land use * category 
2 weight) + … + (fraction category 6 land use * category 6 weight)] 

Weights were applied according to Norris et al. (2007a) to account for the different impacts of different 
land use categories. The weighting system used was also taken from Norris (2007a) and is displayed in 
the Table 3. 
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Figure 6: Example of land use categories in the catchment for 3 selected lagoon catchments, Girraween Lagoon to 
the north, McMinns Lagoon to the south and the smaller catchment of Freds Pass A to the west. Land use 
categories are listed in Table 3. 

Table 3: Land use categories used for the land use mapping and weight as applied in the indicator calculation 

Category 
number 

Land use category Indicator 
weight 

1 Conservation and Natural Environments 0 

2 (plus 5.4.3) Production from relatively Natural Environments (plus Rural living) 0.2 

3 Production from Dryland Agriculture and Plantations 0.48 

4 Production from Irrigated Agriculture and Plantations 0.7 

5 (minus 5.4.3) Intensive Uses (minus Rural living) 0.68 

6 Water 0 

 

5.3.1.2 Land use change sub score using vegetation clearing 
The data for vegetation clearing were calculated in the catchment areas using the NT NVIS data set 
(2005) (catchment minus wetland complex). Figure 7 provides an example on the land clearing data. 

The land cover change measure was calculated using equation 9 by Norris et al. (2007a): 

Land cover change measure LCC = 1 - (Area cleared*weight / Catchment area)  
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The weight of 0.68 was applied according to Norris et al. (2007a) in order to ensure that the land cover 
change measure was comparable to other measures comprising the catchment disturbance index CDI. 

 

Figure 7: Example of land clearing in the catchment for 3 lagoon catchments, including Girraween Lagoon to the 
north, McMinns Lagoon to the south and the smaller catchment of Freds Pass A to the west. 

5.3.1.3 Infrastructure sub score: Road network 
The infrastructure indicator was chosen to be calculated as the road network. Several data sets on the 
road network are available with various degrees of suitability to calculate a disturbance indicator from. 

The best road network data layer is the road centre line data set. However, as roads are mapped as a line 
and not polygons, this data set was not suitable for the calculation of road areas. The best compromise 
was obtained using the Land use (LUMP) data set again as for the land use indicator LU in section 
5.3.1.1 above. Only the category 5.7.2 ‘Roads’ was selected and the area per catchment calculated as 
shown in Figure 8.  

The infrastructure indicator I was calculated according to Norris et al. (2007a): 

I = 1 – (Fraction of catchment covered by roads * weight for roads) 

The weighting was adapted from Norris (2007a). As the data set used did not allow for a distinction 
between sealed and unsealed roads, the weight for sealed roads 0.7 was applied overall in a conservative 
approach. 
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Figure 8: Example of road network in catchment for three lagoon catchments, including Girraween Lagoon to the 
north, McMinns Lagoon to the south and the smaller catchment of Freds Pass A to the west. Note that in many 
locations the catchment boundary runs along a road. 

5.3.2 Catchment disturbance measure results and discussion 

5.3.2.1 Land use sub score 
The results of the land use measure are shown in Table 40, Appendix 2. It has to be kept in mind that 
this indicator by way of its calculation can not reach a score below 0.3. The worst condition of 0 can not 
be obtained using this indicator alone, it has to be integrated using the infrastructure (I) and Land cover 
change (LCC) indicators (Norris 2007a) to obtain the full range of scores. The allocation of bands as 
displayed in Table 40, Appendix 2 acts as a guide only.  

More than half of the 101 catchments score high above 0.8, i.e. band A, with relatively few scoring 
below 0.4, i.e. band D (Table 4). Catchments of natural lagoons are mainly undisturbed with high LU 
scores, whereas catchments of man-made or mixed ones have generally lower scores, leading to a higher 
proportion, about one third, of them being allocated bands C and D. 

Table 4: Overview of Land Use Indicator bands for catchments of natural and man-made lagoons 

LU 
Band* All catchments 

Catchments of 
natural lagoons 

Catchments of or including 
man-made lagoons 

A 57 39 18 
B 20 10 10 
C 16 8 8 
D 8 1 7 

Total 101 58 43 
 

*Note: the LU indicator score can not be lower than 0.3, which means that the Band E is not possible for this sub-index score, 
the banding is used as a guide only 
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5.3.2.2 Land use change sub score using vegetation clearing 
The results of the catchment disturbance indicator ‘land clearing’ as Land Cover Change (LCC) is 
presented in Table 41, Appendix 2. As for the Land use indicator, the lowest value to be obtained is 0.3. 
Bands have only been allocated to enable easy overview; they are not valid as stand alone condition 
assessment. 

About 40% of the catchments score highly in the Land Cover Change sub score when using land 
clearing of native vegetation as the basis for the calculation. As expected the group of catchments 
covering or including man-made lagoons is largely characterised by native vegetation clearing and 
therefore dominate the lower scores when compared to the catchments of natural lagoons (Table 5). 

Table 5: Overview of Land Cover Change Indicator LCC bands for catchments of natural and man-made lagoons 
  

LCC Band* 
All 

catchments 
Catchments of 
natural lagoons 

Catchments of or including 
man-made lagoons 

A 40 34 6 
B 16 10 6 
C 25 9 16 
D 20 5 15 

Total 101 58 43 
*: the LCC indicator score can not be lower than 0.3, which means that the Band E is not possible for this sub-index score, the 
banding is used as a guide only 

5.3.2.3 Infrastructure sub score: Road network 
The size of the road network area within each catchment area is shown in Table 42, Appendix 2 as is the 
Infrastructure indicator (I) based on this roads area. The average proportion of the catchments covered 
by roads is 3%, which is a relatively small area, leading to high scores for the indicator and placing all 
catchments into the largely unmodified condition category. As for the Land Use sub score and the Land 
Cover Change sub score, the lowest value to be obtained is 0.3. Bands have only been allocated to 
enable easy overview, they are not valid as stand alone condition assessment. 

As all three measures used by Norris et al. (2007a) for the Catchment Disturbance Index, the 
Infrastructure indicator, the Land Use indicator and the Land Cover Change indicator, are calculated 
using a similar approach with very similar equations, the infrastructure indicator based on roads leads to 
the highest indicator scores, as the smallest area within the catchment is disturbed by roads (see 
Tables 40, 41, 42, Appendix 2), whereas for example an average of 34.7% of the catchments is cleared. 

5.3.2.4 Integration of Catchment disturbance measures to the Catchment Disturbance 
Index CDI 
Norris et al. (2007a) recommend the use of the three indicators Land Use, Land Cover Change and 
Infrastructure to integrate to the Catchment Disturbance Index using a simple equation, as all of the 
indices calculated according to Norris et al. (2007a) have already been weighted. 

CDI = I + LC + LU - 2 

The rationale is that disturbances in the catchment are cumulative and therefore addition of the three 
measure scores is used to derive the CDI. For low scores of the three measures, it is possible to obtain a 
negative CDI, which leads to the index value to be set to zero (Norris et al. 2007a). Table 43, 
Appendix 2 lists the sub scores plus the Catchment Disturbance Index and associated bands. The score 
colour coding is not only shown for the Band, but also for the catchment name to visualize the overall 
index for the theme catchment disturbance, demonstrating which catchment was classed in which 
condition category. 

Of the 101 lagoon catchments in the study area about one third were classed as largely unmodified, very 
few as slightly modified, another third was classed as moderately or substantially modified and the last 
third as severely modified (Table 6). More than half of the catchments of natural lagoons are largely 
unmodified with the other half scoring in the three low classes of moderately to severely modified. 
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Catchments of man-made lagoons present an opposite picture with approximately half of them classed 
as severely modified and only one tenth being in a largely unmodified condition. 

Table 6: Overview of Catchment Disturbance Index (CDI) bands for catchments of natural and man-made 
lagoons 

CDI Band All 
catchments 

Catchments of 
natural lagoons 

Catchments of or including 
man-made lagoons 

A 36 32 4 
B 3 1 2 
C 20 9 11 
D 11 5 6 
E 31 11 20 

Total 101 58 43 
 

It came as a surprise that such a large number of natural lagoon catchments obtained the worst condition 
score as it is commonly accepted that the rural land use of the lagoons such as McMinns, Humpty Doo 
A or Freds Pass A would place them in a better condition than the urbanized catchments of Fairway 
Waters and Marlow Lagoon. This is due to the weighting of all sub classes of land use 5 (Intensive 
Uses) as 0.68 with only class 5.4.3 (Rural Living) weighted 0.2 together with land use class 2 
(Production from Relatively Natural Environments) (see Table 3). Through also separating the land use 
class 5.4.2 (Rural Residential) out of the land use class 5 and giving it another weighting – between 0.2 
and 0.68 – it is likely that the lagoons surrounded by rural living land use such as McMinns etc. would 
score higher than the lagoons with an urban catchment. This will require a little (literature) research in 
order to determine a proper weighting factor. To this end it is assessed that this would improve the CDI 
scoring system for the study area, and is recommended to be followed up on. 

The Catchment Disturbance Index as calculated according to Norris et al. (2007a) was found useful as 
an indicator for lagoon catchment health in the trial region as it appeared to distinguish the variously 
impacted lagoons well. It remains to be seen whether this index produces similar meaningful results 
elsewhere in the NT, but also whether – as the ultimate goal – wetlands across Australia obtaining 
similar scores do appear to be similarly impacted or degraded.  

5.4  Indicator: Physical form and processes 

5.4.1 Physical form and processes indicator selection and calculation 
The proposed measures for this indicator encompass area of wetland, wetland topography and soil 
disturbance (Conrick et al, 2007), with no suitable data available for any of the measures for the Darwin 
region (Table 7). 

An indicator of choice due to its obvious calculability by GIS was the change of the wetland area. 
However, no data was available on lagoons in the trial study, although many lagoon areas are likely to 
be in an unchanged state. 

With respect to wetland topography and bathymetry, it appeared that even in the ‘well known’ area of 
the Darwin region, records on excavations would be anecdotal and hard to track let alone measure. 

A soil disturbance indicator was not trialed as no data was available, but also field work to collect some 
trial data was disregarded in favour of collecting field information for the biota indicator. 

The indicator ‘connectivity-proximity’ was selected from the Appendix 9 in Conrick et al. (2007), p. 91 
and is described by Golus et al. (2007). The indicator is also based on GIS derived calculations. The 
connectivity-proximity indicator of Golus et al. (2007) is based on 4 sub scores: ‘proximity score’, 
‘roads score’, ‘area score’ and ‘adjacent land use score’. The latter of these could not be calculated as 
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sufficient data was not available. The indicator was therefore calculated based on the first 3 sub scores 
as recommended by Golus et al. (2007). 

The basis of this indicator was the wetland complex boundary or wetland boundary layer as defined by 
the wetland dependent vegetation (see section 4.2 and Appendix 1, Table 38). 

Table 7: Indicator measures for physical form and processes and data availability 

Indicator Indicator measure Data available for 
Darwin rural 

lagoons 

Area of wetland Percentage reduction of wetland area 

Loss in area of original wetland 

- 

- 

Wetland topography Percentage of wetland where activities 
(excavation and land forming) have resulted in a 
change in bathymetry 

Degree of sedimentation/erosion change through 
banks and levees 

Percentage change in bathymetry 

- 

 

 

- 

- 

Soil disturbance Percentage and severity of wetland soil disturbance 
e.g. pugging, driving of vehicles in wetlands, carp 
mumbling, human trampling 

Substrate disturbance – observation of disturbance 
(none to recently occurred) 

- 

 

- 

 

5.4.1.1 Proximity sub score 
The proximity sub score is calculated using the distance to the nearest wetland and the proximity to 
adjacent natural ecosystems. The LUMP data set and associated land use classifications were used to 
select ‘natural ecosystems’ (ACLUMP 2006). Land use classes 1 (Conservation and Natural 
Environments), 6.3 (River), 6.5.0 (Marsh/wetland) and 6.5.1 (Marsh/wetland conservation) were 
defined as natural ecosystems The mapping of the land unit ‘wetland’ on the perimeter of the wetland 
boundary points again to spatial inconsistencies between the wetland boundary layer created in this 
project and the LUMP data at this stage. Although GIS based, this calculation is quite time-consuming. 
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Table 8: Scoring system for ‘distance to nearest wetland’ and ‘proximity to adjacent ecosystems’ sub scores 

Distance to nearest 
wetland 

Score  Proximity to adjacent ecosystems Score 

> 10 km 0  No natural ecosystem merges with the wetland 
boundary 

0 

5 – 10 km 1  Adjacent natural ecosystem merges with up to 25 % 
of the wetland boundary 

1 

1 – 5 km 2  Adjacent natural ecosystem merges with 25 - 50 % of 
the wetland boundary 

2 

200 m – 1 km 3  Adjacent natural ecosystem merges with up to 50 - 
80 % of the wetland boundary 

3 

< 200 m 4  Adjacent natural ecosystem merges with more than 
80 % of the wetland boundary 

4 

 

The distance to the nearest wetland was based on the mapping of all 354 lagoon water bodies, i.e. 
including the natural and the man-made ones. The proximity score is obtained by allocating and adding 
the two scores listed in Table 8. 

5.4.1.2 Road sub score 
The road sub score is obtained by calculating a road value, which is converted into the road score 
according to Table 9. The road value is calculated by adding the length of major and minor roads and 
dividing by the wetland area. Minor roads as defined by Golus et al. (2007) include dirt roads used less 
than once per day and walking tracks, data for which were not readily available. The road score was 
therefore modified to be calculated as percentage of lagoon complex area that is covered by a road as 
extracted from the LUMP dataset category 5.7.2. The scores are adapted from Golus et al. (2007) and 
shown in Table 9. 

Table 9: Road score using % area of wetland complex boundary covered by roads in adaptation from Golus et al. 
(2007) 

% of wetland area covered by roads > 90 > 30 - 90 > 5 - 30 > 0 - 5 0 

Road score 0 1 2 3 4 

 

5.4.1.3 Area sub score 
The area sub score is obtained using the following conversion Table 10 (Golus et al. 2007): 

Table 10: Area sub score 

Area (ha) < 2 2 – 5 >5 – 20 > 20 - 50 > 50 – 200 > 200 - 500 >500-1000 >1000-2000 >2000 

Score 0 1 2 3 4 5 6 7 8 

  

5.4.2 Physical form and processes indicator results and discussion 

5.4.2.1 Proximity sub score 
The proximity sub score was calculated for 195 lagoon complexes. Scores and the calculations 
contributing to the score are shown in Table 44, Appendix 2. The scores were allocated the respective 
condition bands with colour coding. 
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Approximately one half of the lagoon complexes are classed as best condition. Interestingly, two thirds 
of the 92 natural lagoons are classed as best condition, with just under a quarter still being classed as 
slightly modified, and only one classed as moderately modified with 4 being assessed as substantially 
modified. The man-made and mixed lagoon complexes are nearly equally distributed between the four 
classes A, B, C and D (Table 11). 

Table 11: Classification of proximity sub score per lagoon complex type 

Band 
All 

complexes 
Natural 

complexes 
Man-made and 

mixed complexes 
A 92 66 26 
B 46 21 25 
C 24 1 23 
D 33 4 29 

Total 195 92 103 
 

5.4.2.2 Road sub score 
There was only a small amount of road area in few lagoon complexes in the study area; an example is 
shown in Figure 9. The results of the roads sub score are presented in Table 45, Appendix 2. The quality 
of this data is dependent on the existing LUMP data and will improve over time. 

Most lagoons are in an unmodified state with respect to roads within the wetland complex boundary, 
few lagoon complexes have a small part of their area disturbed by roads and are therefore assessed as 
slightly modified or moderately modified. There was no difference in scoring between natural and man-
made lagoon complexes. 

Golus et al. (2007) did not design their scoring as tightly as the one used here, as the highest score of 4 
is not restricted to 0 roads in the assessed area. When adapting our road scoring system, it was decided 
to keep the unmodified score strictly unmodified in order to reveal slight changes. This point might 
require modification when applying wetland condition monitoring on a larger scale throughout the NT. 

5.4.2.3 Area sub score 
The area score results as allocated according to Golus et al. (2007) are listed in Table 46, Appendix 2.  

None of the lagoons in the study area is large enough to be allocated the largest score of 8, the largest 
lagoons scored 5, and the majority of lagoons were 1 to 3. The natural lagoons obtained mostly scores 
of 2 and 3, whereas man-made lagoons were generally smaller with three quarters of them scoring 0 
or 1. 

The size of the lagoon itself is not a criterion for human disturbance as the change of size would fall into 
this category. However, the size of a wetland does have an impact on its ecological function and 
importance in the landscape. Golus et al. (2007) value large wetlands more in their scoring system as 
these can sustain a larger diversity of habitats and therefore larger abundance and diversity of flora and 
fauna. The application of the Golus et al. (2007) scoring system places none of the Darwin area lagoons 
in a high category. The banding system cannot be interpreted as condition as it is simply a classification 
of the size, which for the Darwin area lagoons is overall relatively small. The listing of the band 
including their colour coding was done to visualize the impact of the area score on the overall score as 
calculated in the following section 5.4.2.4. 

5.4.2.4 Integration of physical form and processes measures to the Physical 
Disturbance Index PDI 
The integration of the proximity, road and area scores according to Golus et al. (2007) is additive. Golus 
et al. (2007) do not use scores between 1 and 0, therefore the adapted integration is the addition of the 
three sub scores and division by 20 for range standardisation in our system, as 20 is the maximum score 
obtainable in the Golus et al. (2007) scoring system. 
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PDI = (proximity sub score + road sub score + area sub score) / 20 

The results display that none of the Darwin rural area lagoons obtained a score higher than 0.8, which is 
mainly due to the low scoring within the area codes, and to a lesser degree the tighter setting of the road 
score  (see section 5.4.2.2) (Table 47, Appendix 2).  

 

Figure 9: Road area within wetlands complex area at McMinns Lagoon. 

There was a strong difference between the PDI scores of natural versus man-made and mixed lagoon 
complexes (Table 12). Two thirds of the natural lagoons were classed as slightly modified, only three of 
those largely unmodified and the remainder mainly moderately modified with only one lagoon being 
substantially modified. Of the man-made and mixed lagoon complexes more than half were classed as 
moderately modified, with the remainder approximately equally distributed between slightly modified 
and substantially modified. There was no man-made lagoon complex classed as unmodified. 

Table 12: The distribution of Physical Disturbance Indicator PDI band classification according to wetland type  

PDI band All Natural Man-made and mixed 
A 3 3 0 
B 89 65 24 
C 82 23 59 
D 21 1 20 
Total 195 92 103 

 

As the size and distance between lagoons has remained largely unchanged in the study area, the fact that 
only three lagoon complexes scored just in the largely unmodified class comes as a little surprise. 
However, taking into account the situation of landscape fragmentation through roads and non 
conservational land uses adjacent to wetland boundaries, it appears possible that the majority of lagoons 
is classed as slightly modified. 

Varying the area scoring system as used by Golus et al. (2007) by giving the highest score to wetlands 
not >2000 ha, but eg. >1000 ha or even >500 ha and varying the lower scores accordingly, would 
improve the scores the Darwin area lagoons receive in the Physical Disturbance Index. The modification 
of the scoring system will need to be based on a sound knowledge on the sizes of wetlands for the NT 
and comparison to the rationale through which Golus et al. (2007) established their system. 
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There is still no comprehensive inventory of wetlands in the Northern Territory, although progress is 
being made towards this (Duguid et al 2005, Lowry & Finlayson 2004, Finlayson 1999). Spatial 
datasets are available for the whole of the NT, however, the Directory of Important Wetlands 
(Environment Australia 2001) and the NT Parks and Conservation Masterplan (Draft, 2005), are 
restricted to wetlands of national and international significance.  

The few mapped (mainly the ‘important’ ones (Environment Australia 2001, Parks and Conservation 
Masterplan Draft, 2005)) NT wetlands that have names and for which data on size is available, can be 
grouped as shown in Table 13. This table was based on the important wetland spatial data available and 
selected wetlands that had names associated with them. It is likely, that larger wetlands more often have 
names associated with them. However, a comprehensive size class distribution will not be available 
without a comprehensive wetland map for the whole of the NT. Only with the knowledge of size class 
distribution of wetlands, a meaningful adjustment of the area scoring system should be undertaken. 

Table 13: Size class distribution of selected important wetlands of the NT 

Size class (ha) >10000 >1000 >100 >10 <10 

Number of wetlands 3 6 16 39 34 

 

Interesting about the proximity-connectivity indicator is the combination of natural features, such as the 
wetland area and the proximity to the closest wetland with land use features such as the road network 
and natural or conservation land use, which are easily modified through human activity. However, the 
area and proximity to the next wetland can also be changed in a severely modified landscape, when 
wetland areas are reduced (or increased) and the distance to a wetland can change through complete 
draining or filling or through the creation of artificial wetland water bodies. Therefore the area and 
proximity data presented provide baseline data if future development leads to such extreme 
modifications. 

The use of the wetland area and the proximity to the closest wetland as part of a condition assessment 
needs, however, further investigation and discussion, before a conclusion can be drawn on the 
usefulness and meaningfulness of this indicator. 

It should be noted that under the Framework for Comparative Assessment of the Ecological Condition 
of Australian Rivers and Wetlands (Norris et al. 2007b) the score obtained for each index is required to 
be comparable Australia wide. This means that a PDI score of 0.5 in the Darwin area lagoons has to 
describe that same condition as a PDI score of 0.5 for a wetland in Tasmania or New South Wales. In its 
current calculation, the PDI score would be too low for many of the natural lagoons such as the Fischer 
Lagoons 2-9, some of the Howard River and Girraween Lagoons, the Koolpinyah Lagoons. It is 
acknowledged that the low PDI score is due to the low area score obtained, which is easy to adjust. 
However, as discussed above, to make a meaningful adjustment rather than just simply one that would 
increase the PDI overall score, size data on wetlands in the Northern Territory are essential.  

In general the question arises, as to why the small size of small lagoons should influence the Physical 
Disturbance Index negatively. 

An adjustment would improve the PDI score of many of the man-made lagoons. For this trial report the 
PDI is therefore presented as described, but a review of the area score is considered essential. 

5.5 Indicator: Hydrological disturbance 

5.5.1 Hydrological disturbance indicator selection and calculation 
The national proposal of indicators suggest for hydrological disturbance (local) physical modifications to 
hydrology in-flow, drainage and extraction and changes to the water regime (Conrick et al. 2007) (Table 14). 
Norris et al. (2007a) propose flow regime, history, pulses and hydraulics for river condition assessment, but 
do not touch on measures for wetlands. 
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Table 14: Indicators proposed to assess hydrological disturbance and data availability 

Indicator Indicator measure Data available 
for Darwin 

rural lagoons 

(Local) Physical modifications to 
hydrology in-flow, drainage and 
extraction 

Severity of activities that change the water 
regime 

 

 Impact of man-made structures - 

Changes to water regime Requires more development and expert 
advice 

? 

 

5.5.1.1 Water Extraction Indicator 
Data on surface water extractions from lagoons were obtained from the licensing section of the NT 
Department of Natural Resources, Environment & the Arts. The actual pumpage data is collected 
through a flow meter by the licensee and audited annually by the licensing section. The quality of the 
data is limited through the fact that calibration of the flow meter is not regularly required. 

Domestic water extraction from lagoons is not licensed and there is limited knowledge on current or 
historical unlicensed lagoon water extraction on few lagoons, which is, however, not quantifiable 
(Williams, Despotis, pers. communication). It has to be accepted that the data available on lagoon water 
extraction is based on the license data only. 

The water use by rural residents in the outer Darwin area is usually from bores that enter aquifers that 
are lower (15 m depth and below) than the depth of the perched lagoons and it is currently accepted that 
this bore water use does not directly impact on the hydrology of the lagoons (Schult & Welch 2006, 
Haig & Townsend 2003).  

Water licences are required for irrigation (crops), road works and other industrial use, aquaculture and 
other activities. 

Water extraction licensing in the NT currently follows the 20/80 guideline, which means that only 20 % 
of a water source can be extracted depending on how much water there is at the time. This implies that 
wet season extraction can be far larger than dry season extraction and if the water source, eg the lagoon, 
is very low, still 20% of the water available can legally be extracted.  

This licensing method implies knowledge on the amount of water present at all times of the year, which 
is normally not the case for wetlands and lagoons. At present, surface water extraction applications 
require the establishment of the wetland bathymetry by the licensing section and regular level readings 
in order to calculate an initial licensed amount. If there is no historical information, a licence is granted 
for a short term only, i.e. 2 years, and then reviewed.  

The reference condition for the Water Extraction Indicator was therefore set as ‘nil water extraction’ 
and the worst condition as ‘20% water extraction’. The percentage of water extraction per amount of 
water available is calculated as the median of the data over a year. 

Water Extraction Indicator WEI was defined as  

WEI = 1 – (% water extraction / 20).  

The division of the percentage value by 20 ensures the indicator to have a score between 1 and 0. If the 
percentage of water extraction is larger than 20%, the score becomes negative and has to be set to 0. 
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5.5.2 Hydrological disturbance indicator results and discussion 

5.5.2.1 Water extraction indicator WEI 
From the 134 lagoon water bodies classed as natural only one had a licence for water extraction in 
place. Freds Pass lagoon, although mapped as a natural lagoon was learnt to be a dam, which was dug 
out to provide irrigation water for the sports ovals and community area of Fred’s Pass Reserve 
(Despotis, pers. communication). The application for surface water extraction in 2001 was for 
38 000 kL of water annually. Although weekly pumpage data is available, there is no information on the 
percentage of this in relation to the amount of water present, let alone in relation to the time of the year 
as the 20/80 guideline was not applied to this artificial lagoon. The amount of water to be extracted was 
lowered in 2004, however, the actual usage reveals that more water was extracted than predicted in 2 
years. Since 2005 extraction was reduced as irrigation water was sourced from groundwater bores. In 
2007 no surface water was extracted, so the Water Extraction Indicator WEI for this lagoon equals 1.  

None of the other lagoons had a water extraction licence in place, so the WEI summarized in Table 48, 
Appendix 2, reveals a high condition for all wetlands on the basis of licensed water extraction.  

Many of the man-made lagoons mapped are dams, which are likely to have been built in order to create 
a water source for irrigation. However, as there is no licence attached to this activity, those lagoons also 
obtained a high score. 

There have been modifications to the drainage of many lagoons, including stormwater entry into 
lagoons. The latter would have a negative impact on the water quality and will be picked up in that 
index. It is not known whether the ecology of the lagoons has been impacted negatively through the 
modified drainage lines. Data on these modifications are sparse.  

The index is assessed as meaningful with the limitation of only using licensed water extraction 
information with data on domestic use and unlicensed water extraction not available.  


