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5.6 Indicator: Fringing Zone  
There was again debate on how to define the fringing zone. The current national definition specifies the 
wetland as the summary of a wet and potentially wet area, the latter being characterized and spatially 
defined by wetland dependant vegetation (Conrick et al. 2007). The fringing zone of a wetland is the 
zone outside the wetland and can be assessed as, for example, a 100 m wide zone surrounding the 
wetland (Conrick et al. 2007). 

During the GIS mapping process, the Darwin region lagoons were mapped if an open water body of 
50 m diameter or larger existed (see section 4.2). Two data layers were created: the water area of the 
lagoon and the wetland boundary as outlined through the wetland dependant vegetation. It was 
discussed whether the wetland dependent vegetation zone was the fringing zone of the water bodies. 

For these indicator trials, it was decided to calculate indicators for both areas, allowing the comparison 
of results and suitability for the purpose of wetland condition assessment.  

The fringing zone as suggested in the national definition was used in a 100 m buffer zone surrounding 
the wetland dependant vegetation zone or wetland complex boundary. In the GIS view it became clear 
that in some cases the fringing zone was actually outside the catchment of this lagoon. It was decided to 
cut the 100 m fringing zone to remain within the catchment boundary, which means that the fringing 
zone was not 100 m wide in every location (see Figure 10: green area outside of wetland complex 
boundary). The name used for this fringing zone for the purpose of this report is fringing zone 100 m or 
FZ100. However, in part of the man-made wetland complexes, mainly the quarry complexes, the 
catchment boundary was set to be the same as the wetland complex boundary (see also section 4.3). For 
these man-made wetland complexes, the fringing zone extends outside the catchment boundary. 

The area between the water body layer and the wetland boundary was named wetland dependant 
vegetation zone WZ, which is shown in yellow in Figure 10. It was included in the study as this part of 
the wetland was more comparable to the riparian vegetation of a stream and would therefore be 
meaningful to be included in a wetland condition assessment. 

5.6.1 Fringing Zone disturbance indicator selection and calculation 
The fringing zone indicator proposed nationally is ‘change in fringing zone’ measured by change in 
vegetation condition and extent (Conrick et al. 2007) (Table 15). The suggested measures for this theme 
include the presence of an intact fringing zone, the percentage of the fringing zone that is intact, and the 
percentage of natural and exotic vegetation (Conrick et al. 2007). From the methods suggested by Conrick et 
al. (2007) only one presented itself for GIS based data: percentage of undisturbed vegetation remaining 
within 100 m edge of wetland after Davis et al. (2006).  

Table 15: Fringing Zone Indicator proposed nationally and data availability for the Darwin lagoons. 

Indicator Indicator measure Data available 
for Darwin 

rural lagoons 

Change in fringing zone (measured 
by change in vegetation condition) 

Presence of an intact fringing zone   - 

 Percentage of the fringing zone that is 
intact 

- 

 Percentage of natural and exotic 
vegetation 

 

 

 

The remnant native vegetation and land clearing data layers were selected to calculate indicators. The 
data layers used were: 
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1. Remnant vegetation NVIS (2005)  

2. Land clearing (2005-2007) 

5.6.1.1 Remnant native vegetation 
The remnant native vegetation was calculated for the FZ100 and the WZ as percentage of the respective 
areas. The reference condition for remnant native vegetation was set as 100%, the worst case condition 
at 0% respectively. The percentage data obtained were therefore divided by 100 to obtain a score 
between 1 and 0 in line with the scoring system outlined in section 5.2. 

This approach to calculate the remnant native vegetation indicator for the fringing zone is relatively 
similar to the riparian condition sub-index RCSI suggested by Norris et al. (2007a). It follows the same 
definition of the reference condition and appears to produce similar indicator scores. 

5.6.1.2 Land clearing  
Land clearing was calculated as percentage of area cleared in the FZ100 and the WZ. This indicator was 
chosen as it represents in some form the opposite situation of remnant native vegetation. Accordingly, 
the reference condition was set a 0% land clearing and the worst condition as 100% land clearing. The 
percentage figure was therefore inversed by subtracting 100 before dividing by 100 to obtain a score 
between 1 and 0. 

Land clearing indicator = (100 - percentage of area cleared) / 100 

The land clearing indicator was not calculated using the land cover change LCC indicator that was 
calculated for land clearing in the catchment (section 5.3.1.2). One reason is that the LCC is only one 
component to form the catchment disturbance index CDI, whereas that land clearing indicator in the 
fringing zone was trialled to be a stand alone indicator. Another reason is that the LCC can not produce 
scores lower than 0.3, which would not fulfil the criterion of a stand alone indicator. The LCC as used 
in the CDI is providing data for a cumulative index, which means that the LCC contributes to the 
disturbance in the catchment. The amount of land clearing in the fringing zone is considered to be by 
itself a useful indicator of the fringing zone condition. 



The health of the Darwin region lagoons: NT wetland indicator trials 

 39

 

Figure 10: The fringing zone 100 (FZ100) and the wetland dependant vegetation zone (WZ) as used in this 
Darwin region lagoon trial project in comparison. The FZ100 is the 100m wide buffer displayed in light green. 
The FZ100 is cut off at the catchment boundary as seen at the southern end of the lagoon complex. The WZ is 
shown in light yellow covering the area between the lagoon water bodies and the wetland boundary. 

5.6.2 Fringing Zone disturbance indicator results and discussion 

5.6.2.1 Remnant native vegetation 
The results from Fringing Zone Index FZI calculated as remnant native vegetation in the FZ100 are 
summarised in Table 49, Appendix 2. A very different picture is obtained for natural and man-made 
lagoon complexes (Table 16). Of the 92 natural lagoon complexes more than half, 52, are classed as 
largely unmodified, with the remainder distributed relatively evenly between the four lower condition 
bands. Of the 102 man-made and mixed lagoon complexes only 7 are classed as largely unmodified 
with the majority, nearly half of them, classed as severely modified and the remainder roughly 
distributed between the condition classes B, C and D. 

The other three ways of indicator calculation were only trialed for 31 selected natural lagoons (results 
not shown). In the wetland vegetation dependent zone more than half of those 31 natural lagoons were 
assessed as the best condition of largely unmodified and only five were classed as severely modified 
with the remaining four lagoons placed in the moderate groups.  

Table 16: Distribution of lagoon complex Fringing Zone Indicator Band 

Band All Natural 
Man-made and 

mixed 
A 59 52 7 
B 26 10 16 
C 28 7 21 
D 21 10 11 
E 61 13 48 
Total 195 92 103 
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Plate 2: Edwin Creek 2 Lagoon in the early dry (top) and end of the dry season (bottom). A fringe of Melaleuca 
allows a view on the mango tree plantation behind it. 

In general, the indicator using the WZ paints a “nicer picture” of the average condition of the lagoons. 
This is not surprising as the WZ is mainly a zone of seasonal water logging, which is not as attractive 
for any type of land use (which is associated with removal of native vegetation) as the dryer areas 
contained in the FZ100.  

Looking at a few interesting differences between the classifications of individual lagoons: Edwin Creek 
2 was classed as D when considering the FZ100 and as A in the WZ. This lagoon is located entirely on 
one rural block, which is used for mango horticulture. As visible on the Quickbird imagery and also 
during ground truthing, the mangoes are planted as close to the wetland boundary as possible. Mango 
trees can not handle too much water in the soil therefore the trees planted closest to the wetland are 
struggling and are small and less healthy than their counterparts planted further away. The native 
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vegetation in the wetland boundary, ie. in the WZ, is three quarter grassland with the remainder a tree 
swamp. The mango plantation land use explains the large difference between the presence of remnant 
native vegetation in the FZ100 and the WZ. A plate of Edwin Creek 2 Lagoon shows the situation at the 
end of September 2007, in the late dry season, before the first rains (Plate 2). 

Similarly, Freds Pass Lagoon was classed as A in the WZ and as E in the FZ100. With a score of 0.19, 
this lagoon was just placed into the low E category. This low score is mainly explained due to the 
lagoon being located in a recreational community area with considerable amounts of clearing in the 
eastern half of the FZ100. The western part, which contains mainly woodland was outside the catchment 
of Freds Pass Lagoon and is therefore not part of the FZ100.  

Fairway Waters Lagoon is the only one classed significantly better in the FZ100 with a C than in the 
WZ, where it was assessed as E. The area is used as recreational area and most of the wetland dependant 
vegetation zone is cleared to allow the community access to the water body for walking and bike riding. 
The area outside the wetland boundary still contains reasonable amounts of remnant native vegetation. 

5.6.2.2 Land cover change using land clearing information 
The results of the land clearing indicator were calculated on 31 natural lagoons for the fringing zone 100 
FZ100 and for the wetland dependant vegetation zone WZ (results not shown). 

Based on land clearing in the fringing zone 100, approximately half of the lagoons are considered as 
largely unmodified, about a quarter are classed in the severely modified group E and the remainder was 
mainly placed into the lower medium condition assessment groups C and D. 

In the wetland vegetation dependant zone WZ more than half of the lagoons were assessed as the best 
condition of largely unmodified and only five were classed as severely modified with the remaining four 
lagoons placed in the moderate categories.  

Individual lagoons with a large difference in the score obtained through the two different assessment 
areas are similar to the ones discussed under section 5.6.2.1. 

5.6.2.3 Comparison of the remnant native vegetation indicator with the land clearing 
indicator 
The indicator scores obtained using either land clearing of remnant native vegetation are very similar, 
with either an identical score or a difference in score of 0.01 only. There was only one case of a 0.02 
difference between the two indicator scores.  

This is due to the fact that during the compiling of the NVIS dataset used for the remnant vegetation 
calculations, the land clearing information, which is obtained from satellite imagery, was used among 
many other data sources. For the area of the Darwin Quickbird Imagery, the data is therefore very 
similar. In other areas of the NT as for example pastoral country, the data will not match up as well, as 
cleared land will be mapped as ’grassland’ in NVIS. The distinction between native grassland and 
improved pasture will then need to be made based on LUMP data. 

From the indicator point of view, it appears that both parameters produce very similar results and 
analysis can be based on either, depending on whatever data is available at better quality. 

5.6.2.4 Comparison of the fringing zone 100 and the wetland dependant vegetation 
zone 
As discussed in section 5.6.2.1, although many of the lagoons were classed in similar banding categories 
when using either the FZ100 or the WZ, there were also considerable differences for several of the 
lagoon scores. The use of both appear to produce meaningful results as the full range of the score is 
obtained in both as well as the scores obtained match the situation as assessed in the field or on the 
satellite imagery. 

It appears that the use of the FZ100 differentiates the lagoons a little more, whereas the WZ places more 
lagoons into the same category. However, a conclusion based on this one trial study appears premature. 
The use of the FZ100 would, however, be in line with the nationally proposed definition of the fringing 
zone and possibly be more suitable in arid areas when wetlands can be dry and are only covered with 
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surface water in some years. Therefore the FZ100 was selected as indicator to be used in the Fringing 
Zone Index FZI, with only results for this index presented (Table 49, Appendix 2, and Table 16). 

Many man-made lagoons are dams used for watering of a crop, which means that the native vegetation 
has been completely removed. However, even some more prominent natural lagoons in the study area, 
such as McMinns Lagoon, were found to have a severely modified fringing zone as most of the remnant 
native vegetation has been removed. The ongoing development in the Darwin rural area, such as for 
example a proposed subdivision around Girraween Lagoon, currently classed as largely unmodified, 
will probably lead to a removal of native remnant vegetation in the fringing zone, and lead to reduced 
scores in the Fringing Zone Index in future assessments. 
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5.7 Indicator: Water and Soil Quality 
The indicators for water and soil quality are the ones being least advanced as national agreement on 
which parameters are recommended for water quality assessments has not been finalised (Conrick et al. 
2007). The measures for the nationally proposed indicators on water quality, turbidity, pH and salinity 
regimes require further work (Conrick et al. 2007) (Table 17). The National Framework for the 
Assessment of River and Wetland Health deals with water quality aspects of rivers only (Norris et al. 
2007a). 

Table 17: Indicators recommended for water and soil quality and data availability for the Darwin lagoons 

Indicator Indicator 
measure 

Data available 
for Darwin rural 

lagoons 

Turbidity (light climate regime)  

Salinity regime  (electrical 
conductivity) 

Change in pH  (pH values) 
Soil properties – change in salinity, 
acidity 

All indicator 
measures require 
more 
development and 
expert advice (use 
trials to collect 
diurnal data) - 

 

For the Darwin region lagoons, very limited data is available on water quality. Schult & Welch (2006) 
report on the water quality of 15 lagoons in the Darwin region, data was collected monthly over nine 
months. Three of these fifteen lagoons were tree swamps and after consideration of the data, they were 
excluded as this trial study focuses on the open water lagoons of the Darwin region excluding the tree 
swamps. The data of the 12 remaining lagoons were used to establish reference conditions and also to 
trial water quality indicators. Two of the 12 lagoons were outside the study area defined for the GIS 
work. They were included in the water quality part of the project as on one side this increased the 
amount of data available, and secondly they are still part of the outer Darwin region. The GIS part was 
limited to a smaller part of the Darwin region due to the Quickbird imagery available. 

5.7.1 Water quality parameters 
The water quality parameters available from the work by Schult & Welch (2006) were: pH, electrical 
conductivity, turbidity, total nitrogen, total phosphorus and chlorophyll a. 

The Darwin rural lagoons are characterised by a low pH, low conductivity and their clarity. It was 
decided to use all the six parameters above to calculate a water quality index and to then assess whether 
this can or should be changed and how. 

5.7.2 Establishment of the reference conditions and scoring system 
Most of these 12 lagoons dry out partly or fully at the end of the dry season and the data available reveal 
dramatic changes in water quality parameters from one to two months before drying out (Schult & 
Welch 2006, Lloyd 1999). Hence, data for those one or two months were excluded when establishing a 
reference condition for each parameter. Water quality measurements to measure the condition of a 
lagoon in the Darwin region are not to be carried out during this time, which is, based on the small 
amount of data available, between September and December, earlier in smaller shallower lagoons, later 
in deeper and larger lagoons. Permanent lagoons such as Girraween could be monitored all year round. 

The median of all water quality parameters measured for the twelve lagoons was used as a guide to 
establish reference conditions (Table 18) (Clayton et al. 2006). The median was calculated on 104 data 
points each. Although Schult & Welch (2006) had established a relationship between higher 
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concentrations of nitrate being observed in lagoons with higher percentage of catchment development, 
data of all 12 lagoons were included in the establishment of a reference condition. The dataset at this 
stage is too small, to establish a significant relationship between nitrate concentration and % catchment 
development, in order to allow for meaningful exclusion of data from lagoons with high catchment 
development for reference condition definition. It is worthwhile noting that differences in nutrient 
concentrations between lagoons are very low compared to the increasing nutrient concentrations that are 
observed when lagoons dry out (Schult & Welch 2006, Lloyd 1999). 

The scoring system for the water quality parameters was developed after the system used by Golus et al. 
(2006) as this system could be adopted to the trial data. However, Golus et al. (2006) suggest taking 
four measurements from each wetland during each field visit and use the average of those to determine 
the score for each parameter. The data used for the present trial study consist of water quality 
parameters measured only on one site per wetland visit. Also, to be consistent with the scoring system in 
this trial study, scores range from 0 to 1, with 0 being given to the worst condition and 1 to the reference 
condition (see Table 18). 

The setting of the scoring thresholds was also guided by the default trigger values for slightly disturbed 
wetlands in tropical Australia of the Australian and New Zealand Guidelines for fresh and marine water 
quality (ANZECC & ARMCANZ 2000) (Table 18). 

As the reference conditions were based on the water quality of the Darwin region wetlands, the scoring 
system will need consideration and possibly adaptation for use elsewhere in the NT. 

Table 18: Median values of water quality parameters for 12 Darwin Lagoons (Schult & Welch 2006) and scoring 
system for water quality indicators (TP= Total Phosphorus, TN = Total Nitrogen) 

Water quality 
parameter 

Median (12 
Lagoons, Schult 
& Welch 2006) 

Highest score 
1 (reference 
condition) 

Moderately 
disturbed score 

0.66 

Significantly 
disturbed score 

0.33 

Severely 
disturbed 

score 0 
pH 5.61 4.5 – 6.5 <4.5-3.5 or >6.5-8 <3.5 – 3 or >8 <3 
Electrical 
Conductivity (µS/cm) 16.9 < 50 50 - 100 100 - 500 > 500 
Turbidity (NTU) 1.5 <5 5 - 20 20 - 50 > 50 
TP (mg/L) 0.0125 < 0.02 0.02 – 0.1 0.1 – 1 > 1 
Chl-a (μg/L) 4.0 <10 10 - 20 20 - 50 > 50 
TN (mg/L) 0.45 < 0.5 0.5-1 1 - 4 > 4 
 

The integration of the water quality parameters to the Water Quality Index for each lagoon uses 
multiplication of the sub scores, based on consideration that the lowest out of the measured list of 
parameters determines the overall condition of the system (Norris & Linke, pers. comm., Norris et al. 
2007b). The rationale behind this is that if one component reaches a ‘toxic’ value all other water quality 
parameters can be excellent, the aquatic life will be impacted by the toxic one. Therefore the index has 
to be based on the lowest water quality value. This differs from for example the catchment disturbance 
index, where the sub scores are added up as the impacts of each are assessed as cumulative in the overall 
picture. 

5.7.3 Water Quality Index results and discussion 
The application of the scoring system is demonstrated on McMinns Lagoon (Table 19). The collection 
date highlighted in yellow was excluded from the overall scoring as the lagoon was drying out. The data 
is shown in order to demonstrate how the scoring system performs with low water quality values and to 
show the range that parameters can have within one lagoon. There were 11 collection dates and the 
overall score reached was 1, which is the reference score, when taking the median of all of the scores 
per date. On some days considerable variability is obtained on various parameters, eg pH, turbidity, 
chlorophyll a and the two nutrients. This could be due to a recent rain event or animal disturbance in the 



The health of the Darwin region lagoons: NT wetland indicator trials 

 45

case of turbidity. The sample was possibly not being taken at a site representative for the lagoon water 
body at the time, when chlorophyll a or nutrient values were elevated at one time only.  

The example demonstrates why the median is preferred over the average to obtain the overall scores, as 
occasional high values are weighted less. It also shows the importance of carrying out the water quality 
data collections more than once when calculating a Water Quality Index using this scoring system, as 
the single sample collection in July or September would have produced a completely different result 
than the one obtained when combining the data of the ten collection dates. The minimum data collection 
dates might be four or even three, but this needs further consideration on the basis of a larger data set. 
The largest consistency with data from all 12 lagoons was obtained in collections between March and 
June of the sample year (2004). This might translate to recommended best time of sampling in the late 
wet season to early dry season, which could even mean that water quality sampling can be reduced to 
one or two occasions when carried out during this time. 

In the McMinns Lagoon example it would have also been reasonable to exclude the data of the last three 
instead of only the last sampling date for the overall assessment (Table 19). However, the example 
reveals that the index is relatively stable with respect to including data from dates with poor water 
quality results. It is, however, believed that the system is still sensitive to pick up water quality 
problems due to the integration of sub scores through multiplication, as is shown for the results for all of 
the 12 lagoons (Table 20). 

Table 19: Water quality data and scores for McMinns Lagoon over 9 months and Water Quality Index (WQI) 
calculated 

pH E.C. Turbidity Total Phosphorus Chlorophyll a Total  Nitrogen 

Date value score (µS/cm) score NTU score mg/L score μg/L score (mg/L) score WQI 

B 
A 
N 
D 

1/03/04 5.89 1 12.7 1 1.3 1 0.008 1 3 1 0.34 1 1 A 
6/04/04 6.07 1 9.7 1 1.2 1 0.009 1 2 1 0.25 1 1 A 

10/05/04 6.29 1 10.7 1 1.2 1 0.007 1 4 1 0.46 1 1 A 
1/06/04 5.9 1 10.5 1 7 0.66 0.005 1 3 1 0.21 1 0.66 B 

10/06/04 5.98 1 11 1 0.9 1 0.01 1 2 1 0.33 1 1 A 
7/07/04 7.06 0.66 14.8 1 1.5 1 0.014 1 6 1 0.53 0.66 0.44 C 

29/07/04 5.76 1 15.5 1 2 1 0.015 1 5 1 0.54 0.66 0.66 B 
20/08/04 6.09 1 19.5 1 0.8 1 0.0025 1 3 1 0.40 1 1 A 
21/09/04 6.54 0.66 31.6 1 1.4 1 0.145 0.33 21 0.33 0.48 1 0.072 E 
19/10/04 6.24 1 53.9 0.66 3 1 0.0025 1 6 1 0.64 0.66 0.44 C 
23/11/04 6.14 1 81 0.66 16 0.66 0.045 1 13 0.66 2.23 0.33 0.095 E 

Median 6.08 1 13.75 1 1.35 1 0.0085 1 3.5 1 0.43 1 1 A 
 

The number of collection dates (Table 20) varies as some lagoons dried out earlier than others with few 
lagoons remaining wet. The water quality index reveals that one half of the twelve lagoons is largely 
unmodified, one third is slightly modified and two are moderately modified. The low scores of Edwin 
Creek 2 and Knuckey’s lagoon confirms the findings of Schult & Welch (2006) and Lloyd (1999). 
Edwin Creek 2 was accessed by a large number of domestic and feral animals during the sampling 
period, including dogs, goats, pigs, cattle, horses, disturbing the soil, vegetation, therefore increasing 
turbidity and nutrient levels through defecation (Plate 3). The lagoon displayed an algal bloom in 
October and November 2004 (Plate 3). 

Table 20: Medians of water quality data and water quality scores for the twelve lagoons collected over a nine 
month period and Water Quality Index WQI 

pH E.C. Turbidity 
Total 

Phosphorus Chlorophyll a Total Nitrogen 
Lagoon 
name 

Number 
of data 
collec-
tions value 

Sco-
re (µS/cm) 

Sco-
re NTU 

Sco-
re mg/L 

Sco-
re μg/L 

Sco-
re (mg/L) 

Sco-
re WQI Band 

Benham's 
Lagoon 10 5.52 1 23.95 1 1.45 1 0.01 1 3.5 1 0.57 0.66 0.66 B 
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Benjamin 7 5.4 1 19.7 1 1.4 1 0.011 1 4 1 0.45 1 1 A 
Edwin 
Creek 1 5 5.54 1 17.2 1 1.2 1 0.017 1 2 1 0.63 0.66 0.66 B 
Edwin 
Creek 2 8 5.44 1 15.55 1 2.65 1 0.0275 0.66 3.5 1 0.47 0.83 0.55 C 
Girraween 
Lagoon 11 5.6 1 13.9 1 1.8 1 0.005 1 2 1 0.31 1 1 A 
Knuckey's 
Lagoon 7 5.67 1 16.6 1 2.4 1 0.022 0.66 4 1 0.73 0.66 0.44 C 
Korebum 
Lagoon 9 5.34 1 17.9 1 0.9 1 0.008 1 2 1 0.49 1 1 A 
Kurrubam 1 6 4.69 1 15.85 1 1.15 1 0.011 1 1.5 1 0.23 1 1 A 
Leaning 
Tree 
Lagoon 9 6 1 16.9 1 2.5 1 0.02 0.66 6 1 0.46 1 0.66 B 
McMinns 
Lagoon 10 6.08 1 13.75 1 1.35 1 0.0085 1 3.5 1 0.44 1 1 A 
Waterlily 
Lagoon 8 5.745 1 20.85 1 1.75 1 0.016 1 4.5 1 0.55 0.66 0.66 B 
Woodford's 
Lagoon 12 5.665 1 11.75 1 1.25 1 0.01 1 5.5 1 0.37 1 1 A 

 

 

Plate 3: Edwin Creek 2 Lagoon: cattle and horses accessing lagoon and algal bloom as in November 2004. 

Lloyd (1999) studied two other of the four lagoons of the Knuckey’s Lagoons complex than the one 
investigated by Schult & Welch (2006). She recorded orange algal scum in August 1999 (Plate 4). In 
this lagoon complex the poor water quality might be related to the large number of birds accessing and 
using the lagoons, which appears to be a larger number for the small size of the remaining water bodies 
as in the other lagoons (Plate 4). It is to be noted though, that the algal blooms as extreme displays of 
poor water quality appear during the drying up stage of the lagoons, the time when water quality data is 
not to be used to calculate a condition index. Most of the Darwin region lagoons do visually appear to 
be of poor water quality in the late stages of drying up as shown for Kurrubam 1 Lagoon, a lagoon 
classed as unmodified by the Water Quality Index WQI (Plate 5, Table 20).  
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Plate 4: Knuckey’s NE Lagoon in November 2004 with a large number of magpie geese leaving a very small 
water body, and algal scum on Knuckey’s NW Lagoon in August 1997 (photo on right copied from Lloyd 1999). 

For this trial project, all the water quality parameters where data were available were used to calculate 
the WQI. This means that 6 parameters were used: pH, EC, turbidity, total phosphorus TP, chlorophyll a 
and total nitrogen TN. In order to reduce resources needed, it is possible to reduce the number of 
parameters needed for WQI calculation to three or four. The data in Table 20 show, that the use of pH, 
EC and turbidity alone would have given all 12 lagoons the highest score of 1, meaning that there would 
have been no differentiation between the lagoons, which does not reflect the situation as discussed 
above.   

Plate 5: Kurrabam 1 Lagoon in May and late September 2004. 

It would therefore be necessary to at least include one nutrient or chlorophyll a measurement in a WQI 
based on less than 6 parameters. The Table 21 shows how often the score was not ‘1’ for each of the 6 
water quality parameters. For the parameters pH, EC and turbidity this was only on 3 or 7 measurements 
of 102 the case, whereas for the nutrient and chlorophyll a data this occurred more frequently. The total 
nitrogen values were most often elevated leading to a reduced score. 

Table 21 also shows how the scores behave during the times when the lagoons are drying up. The pH 
score is not very indicative for this event with only on 3 times of 17 displaying a score lower than 
reference. Turbidity, both nutrients and chlorophyll a are very useful in determining the drying up 
period with the total nitrogen score displaying the most consistent indicator, picking up all of the 17 
times when data were excluded from WQI calculations. 

On the basis of the existing data, is appears possible to reduce the amount of parameters needed to 
calculate a WQI with the recommendation to at least use three or four of the parameters trialled and 
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include turbidity and nitrogen. The definitive suite of reduced number of water quality parameters for 
WQI calculation needs to be chosen based on a larger amount of data. 

Table 21: Number of times the scores of the six water quality parameters were lower than 1. The excluded dates 
refer to the periods before the lagoons dry up, when water quality data was not used for the WQI calculation 

  

Number of 
measure-

ments pH EC Turbidity 
Total 

Phosphorus Chl-a 
Total 

Nitrogen 
Number of times score < 1 102 3 3 7 29 14 39 
Excluded dates: number of 
times score <1 17 3 9 13 15 16 17 
 

As stated above, the scoring system as well as the parameters to be included in the calculation of the 
Water Quality Index might be modified when more data is available, especially from other areas of the 
Northern Territory. 
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5.8 Indicator: Biota 

5.8.1 Biota indicator selection and calculation 
There is a range of biota indicators proposed for the Biota Index (Conrick et al. 2007) and limited data 
is available for the study area on vegetation (aquatic and terrestrial), fish, frogs, and birds, some of 
which includes records on weeds and feral animals (Table 22).  

Table 22: Biota Indicators proposed nationally and data availability for the Darwin lagoons. 

Indicator Indicator measure Data 
available for 
Darwin rural 

lagoons 

Change in wetland vegetation REQUIRES MORE DEVELOPMENT AND EXPERT 
ADVICE –  

• Develop AusRivAS-style methods 
• Investigate Vegetation Matter for Target: 

http://www.nrm.gov.au/monitoring/indicators/vegeta
tion-condition/index.html 

• Investigate Index of Wetland Condition methods 
(DSE 2007), Floodplain and Wetland Methods 
(MDBC 2005) 

 
 

Change in invertebrate 
diversity and community 
composition 

REQUIRES MORE DEVELOPMENT AND EXPERT 
ADVICE –  

• Develop AusRivAS-style methods 

 
 

— 
Change in wetland-dependent 
vertebrates (fish, frogs, 
reptiles, birds, mammals) 
presence, breeding and 
abundance 

Investigate current methods e.g.: 

• Fish: SRA, EHMP  
• Frogs: MDBC (frog calls) 
• Reptiles: no methods sourced 
• Birds: MDBC, Kingsford (in prep), 
• Mammals:  no methods sourced 

 
 
 

— 
 

— 
Change in introduced species 
(weeds and ferals) presence 
and abundance 

There are several methods for introduced species 
presence and abundance listed in Appendix 8 of Conrick 
et al. 2007. Recommend investigation and trials to 
determine most suitable 

 
 

Change in algae (as a measure 
of primary productivity and 
water quality) 

REQUIRES MORE DEVELOPMENT AND EXPERT 
ADVICE 

— 

 

For the purpose of these trials, it was decided to trial indicators using fish and macrophytes, as these are 
also areas the Aquatic Health Unit holds or is currently expanding its expertise in.  

It was planned to review existing data for fish and macrophytes and to also collect additional data in the 
field. The latter was, however, limited to the reporting periods of the project and is not based on an 
annual cycle. 

5.8.1.1 Fish 
5.8.1.1.1 REVIEW OF EXISTING DATA AND ESTABLISHMENT OF THE REFERENCE CONDITION 
The advantage of using fish lies in the direct availability of data after field work is completed. The 
taxonomy and basic biology of NT freshwater fish is now sufficiently well known to provide a good 
basis for monitoring programs (Pidgeon 2003, Bishop et al. 2001, Bishop et al. 1990, Larson & Martin 

http://www.nrm.gov.au/monitoring/indicators/vegetation-condition/index.html
http://www.nrm.gov.au/monitoring/indicators/vegetation-condition/index.html
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1989). Pidgeon (2003) lists 25 freshwater and 2 catadromous fish species for the Darwin Harbour 
catchment, many of these species could inhabit the Darwin region lagoons. 

The number of fish species per lagoon was chosen for trial as indicator for lagoon health. It was hoped 
that fish data available would be sufficient to establish a reference condition. After reviewing the data 
available on lagoons in the study area, it had to be accepted that this was not the case. Existing fish data 
were gathered for three lagoons in the study area only, namely Girraween Lagoon, Knuckeys Lagoons 
and Benjamin Lagoon.  

The data available for Girraween Lagoon are listed in Table 23. A total of 19 species has been recorded 
from this lagoon with 13 species collected during one survey using electro-fishing. When collecting fish 
data, the method, season and time of the survey determines how many species can be detected (Pidgeon 
2003, Dostine 2003, Bishop et al. 2001). Generally electro-fishing and visual records are low-impact 
methods. Electro-fishing is also considered the least biased method to be applied to a variety of habitats 
(Pidgeon 2003). It was decided to settle on electro-fishing as method for recording fish species in 
lagoons to establish a fish indicator. As 13 fish species were recorded during one sampling time in 
August 2007, it was decided to use this as a benchmark to establish the reference condition for 
Girraween Lagoon. The collection had been carried out using the North Australia Fish Fauna (NAFF) 
methodology based on 15 shots of 5 minutes (Kennard et al. 2007), which was also used during the field 
trials in January and February 2008. 

In order to convert the species number into a score, it was decided to simply reduce the score with 
declining taxon number as in Table 24. 

Field trials need to establish whether the sampling has to be carried out at a specific time of the year, ie. 
the dry season as for the collection revealing 13 species in August 2007, and also whether a single 
survey is enough to recover a suitable number of fish. 

Girraween Lagoon is somewhat different to most of the natural lagoons in the Darwin region due to its 
larger depth and very stable water levels (Schult & Welch 2006). Lagoons that dry out regularly are 
likely to have a lower fish species number than Girraween Lagoon. It is also possible that smaller 
lagoons have lower species numbers than the larger ones. At this stage it appears that a reference 
condition has to be defined for the few lagoons data are available or are being collected for and to then 
assess how to group them in order to establish a reference condition per lagoon type. 

Existing records provided two species only in opportunistic recordings in Knuckeys Lagoons 
(Ophisternon gutturale (One-gilled swamp Eel) and Ambassis agrammus (Sailfin glassfish), Larsen, NT 
Museum records) and Benjamin Lagoon (Family Plotosidae (Eel-tailed catfish) and Glossamia aprion 
(Mouth Almighty), Grace, DPIFM fish kill records). These data can not be used to establish a reference 
condition taxa number, as they were not collected in order to obtain a taxa list for the respective 
lagoons. The data can be used to complement a systematic data collection. 

The field data collections of January and February 2008 have to therefore be used to establish a 
reference condition for the lagoons sampled. These were: Benjamin Lagoon, Knuckeys NE Lagoon, 
McMinns Lagoon, Waterlily Lagoon, Woodfords Lagoon as well as Girraween Lagoon. For all of these 
lagoons water quality data were available from Schult & Welch (2006) and access and permits could be 
organised in a timely way. 

Generally it appears not meaningful to establish an indicator based on a taxa number lower than 10. For 
example, if 4 fish species are known to occur in a lagoon, the survey or surveys might only pick up one 
or two, although the 4 species are all there. If 4 is the reference condition for this lagoon (type), then the 
recording of 2 species must already score as moderately impacted, 1 species as substantially modified 
and 0 species as severely modified. The variability in sampling is likely to be larger or as large as the 
change that might be detected, rendering the conversion of taxa number into an indicator score not use- 
nor meaningful. 
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Table 23: Fish data available for Girraween Lagoon 
  Survey name / 

data source 
NT 
Museum 
S.14575-
Helen 
Larsen 

ANGFA* 
survey Id: 
183 

ANGFA* 
survey Id: 
92 

ANGFA* 
survey 
Id: 46 

Girraween 
Landcare 
Group 

Girraween 
Landcare 
Group/CDUa 

NHT  
project 

  Date 16/7/1997 17/2/2006 8/5/2005 5/2/2005 not 
specified, 
more than 
one survey 

26/9/2007 1/8/2007 

  Collector P 
Unmack, 
C 
Brumley  

D Wilson, 
G Sawyer 

A Hogan,  
D George, 
G Boggs,  
D Boggs,  
D Wilson 

A Rubin, 
H Rubin, 
S Logue, 
D Wilson 

D Buckle D Buckle M 
Kennard, 
B Pusey 

  Method Seine net ? Visual cast net, bait 
trap 

dip net, 
frame 
net, 
visual 

visual 
from boat 

visual / dip 
net 

electro-
fishing 

Fish species Common name               
Strongylura krefftii Freshwater longtom x    x  x 
Ambassis agrammus Sailfin glassfish, 

Sailfin perchlet 
x x   x  x 

Glossamia aprion Mouth almighty x x  x x  x 
Oxyeleotris 
nullipora 

Poreless gudgeon, 
Jardine gudgeon 

x   x  x  

Oxyeleotris selheimi Giant gudgeon, 
Striped sleepy cod 

 x     x 

Mogurnda 
mogurnda 

Northern Trout 
Gudgeon, Purple 
Spotted Gudgeon 

x x  x  x  

Pseudomugil 
gertrudae 

Spotted blue-eye, 
Delicate blue-eye 

x x  x    

Leiopotherapon 
unicolor 

Spangled perch x    x  x 

Melanotaenia 
nigrans 

Black-banded 
rainbowfish 

x    x  x 

Melanotaenia 
splendida australis 

Red-tailed rainbow 
fish, Western 
rainbowfish 

x x x x x  x 

Denarius abandata Pennyfish x x  x x  x 
Craterocephalus 
stercusmuscarum 

Fly-specked 
hardyhead 

x  x x x  x 

Amniataba 
percoides 

Barred grunter, 
Banded grunter, 
Black-striped 
grunter 

 x x x x  x 

Scleropages jardinii Golf saratoga     x  x 
Megalops 
cyprinoides 

Tarpon, Oxeye 
Herring 

    x   

Lates calcarifer Barramundi     x  x 
Neosilurus ater Black catfish, 

Butter Jew, Narrow-
fronted tandan 

    x   

Ophisternon 
gutturale 

One-gilled swamp 
eel 

     x  

Porochilus rendahli  Rendahl's catfish       x 

Number of taxa 19 11 8 3 8 13 3 13 
ANGFA*: Australia New Guinea Fishes Association database a: CDU: Charles Darwin University, Darwin 
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Table 24: Fish taxa score for Girraween Lagoon 

Taxon number >10 8-9 6-7 4-5 <3 

Fish taxa score 1 0.75 0.5 0.25 0 

 

5.8.1.1.2 FIELD DATA COLLECTION TRIAL 
Electro-fishing during the wet season is dependent on access and weather conditions on the survey day. 
From the six lagoons, Benjamin Lagoon, Knuckeys NE Lagoon, and Waterlily Lagoon had very 
shallow edges in January 2008 and the back-pack electro-fishing equipment was chosen. The larger 
lagoons Girraween and McMinns Lagoon were sampled using the boat-mounted equipment. Table 25 
show the results of the field collection. The survey at Woodfords Lagoon was delayed due to a monsoon 
trough, which was welcomed as the water level in Woodfords Lagoon was rising, which would make 
the launching of the boats easier, but it delayed the field work beyond the due date for this report. 

One shot equals a 5 minute sampling time. For the lagoons surveyed using back pack equipment 10 
shots were carried out, for the larger lagoons surveyed with the boat equipment, 15 shots were 
attempted. 

For most of the lagoons, this is the first systematic fish data collection and therefore valuable in itself. 
The number of taxa as well as abundances were relatively low. 

As the lagoons are characterized by their low electrical conductivity, between 20 and 40 μS/cm on the 
fishing days (see also section 5.7.3), electro-fishing was just possible with high voltages being used and 
the boat equipment using the more powerful alternating current AC option over direct current DC in 
order to collect (any) fish. It is possible that due to slightly higher electrical conductivity and lower 
water levels, higher fish numbers and therefore taxa richness data will be obtained during the dry 
season. It is planned to repeat the electro-fishing on the six lagoons in August 2008. 

Overall the number of species collected was relatively low. In Girraween Lagoon seven fish taxa were 
recorded, which is far lower than the 13 species recorded in August 2007 using the same electro-fishing 
method. It was, however, overcast during the sampling and only 11 of the 15 planned shots of 5 minute 
fishing intervals could be carried out as it started to rain. Electro-fishing can not be safely performed 
during rain. It is impossible to estimate how many more fish and other taxa could have been recorded if 
another 4 shots could have been carried out. 

The collection at Waterlily Lagoon of nil fish caught and only one specimen observed is not 
representative as on a visit 3 days prior to the sampling date, visual observations of large numbers of fry 
and possibly two fish species were made. The species were not identified as it was thought that they 
would be collected during the upcoming electro fishing survey. On the survey day the field collection 
staff reported an approx. 10 cm deep layer of colder water on the surface of the lagoon, which is likely 
to stem from the cooling down over night. The sampling was begun at 9.00, approximately 2h after 
sunrise, when there was not a lot of time for the sun to warm up the surface water yet. There was a 
reasonably heavy rainfall event in the night before the sampling. It is possible that the rain transported 
detritus etc. into the lagoon lowering the oxygen levels at the edges where sampling was carried out 
using the backpack unit. Dissolved oxygen was not measured at the time, but no fish kill was observed, 
meaning that the dissolved oxygen was not nil. It is possible that the fish avoided the cold water at the 
surface and the edges (only one fish was even observed during the entire survey time), or were located 
in areas of higher oxygen, which could have been the deeper water areas.  
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Table 25: Species list results of electro fishing surveys in January/February 2008 

    Benjamin 
Lagoon 

Girraween 
Lagoon 

Knuckeys NE 
Lagoon 

McMinns 
Lagoon 

Waterlily 
Lagoon 

    Back pack Boat Back pack Boat Back pack 

    25/01/2008 30/01/2008 23/01/2008 01/02/2008 24/01/2008 

    10 shots* 11 shots* 10 shots* 15 shots* 10 shots* 

Species name Common name C O C O C O C O C O 

Ambassis agrammus Sailfin glassfish, 
Sailfin perchlet 

48 65   1  13    

Arius sp. Catfish sp.       1    
Craterocephalus 
stercusmuscarum 

Fly-specked 
hardyhead 

  3 150       

Denariusa bandata Pennyfish   1  1      
Lates calcarifer Barramundi   1        
Melanotaenia 
splendida australis 

Red-tailed 
rainbowfish, 
Western rainbowfish  

   >120   41 >220   

Melanotaenia 
splendida inornata 

Chequered 
rainbowfish 

    6 12     

Melanotaenia nigrans Black-banded 
rainbowfish 

     1 18 20   

Melanotaenia sp. 
(Fry) 

Rainbowfish sp.      6 >100     

Morgurnda 
morgurnda 

Northern Trout 
Gudgeon, Purple 
Spotted Gudgeon 

21 21   1  5    

Neosilurus ater Black catfish, Butter 
Jew, Narrow-fronted 
tandan 

   1       

Ophisteron gutturale One-gilled swamp 
eel 

4 26  1 1     1 

Pseudomugil tenellus Delicate blue-eye 2 1         

Strongylura kreffti Freshwater longtom   5 45       

Number of Taxa 4 7 6 5 1 
*: one shot equals a 5 minute fishing time 
C: Caught 
O: Observed 
 

To investigate the diurnal dissolved oxygen (DO) concentration, a Hydrolab was deployed from the 
25/1 to 1/2/08 recording oxygen and temperature hourly at a water depth of 10-20 cm (Figure 11) tied 
onto a paperbark tree and therefore in a shady location. The DO never reached zero over the week, but it 
remained low for a long period in the morning, which would support the hypothesis that the fish might 
seek refuge in deeper areas of the lagoon, which were not accessed during the back-pack electro-fishing.   

Interestingly, the DO rose very steeply after dark, peaking often between 22.00 and 23.00, which was 
quite surprising. However, the temperature curve plotted on the same graph (Figure 11) reveals a daily 
peak at around 18.00, which is meaningful with sunset at approximately 19.00. The DO was measured 
below the water surface, so while algae and macrophytes produce oxygen during day time, it might not 
be measurable as dissolved oxygen below the water surface until a few hours later. 
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Plate 6: Electro-fishing using backpack equipment at Knuckeys NE Lagoon (left) and using boat set-up at 
McMinns Lagoon (right). 

The finding that DO peaks just before midnight might make it more suitable to carry out fish sampling 
during the night, as fish might take advantage of the higher DO levels and so might their food. Pidgeon 
(2003) also recommends including the peak activity time of one hour before and after dark in the 
sampling period. 

It might be worthwhile trialing other methods than electro-fishing due to the low EC and DO levels. 
Netting methods during day and nighttime might prove more successful in picking up the various fish 
species, however, trials could not be carried out before the due date of this report. 
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Figure 11: Dissolved oxygen (1st x-axis) and temperature (2nd x-axis) curves over 1 week in Waterlily Lagoon 
(25/1/08 – 1/2/08) 

Within few days of the electro-fishing, visual data collections from a purpose-built boat were carried out 
by Duncan Buckle, Christy Davies and Lisa Chandler (data kindly provided by Duncan Buckle) on 
Girraween and McMinns Lagoons. The taxa lists for both lagoons are listed in Table 26 for the electro-
fishing as well as the visual methods, and a combined taxa list from both surveys. For Girraween lagoon 
7 species were collected using electro-fishing, 9 using the visual method and the combined taxa list 
from both surveys reveals 11 species. This supports the point discussed above that data collection on a 
single day might be insufficient for the fish taxa indicator when surveys are carried out during the wet 
season. Combining different methods is likely to improve the number of taxa caught.  
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For McMinns Lagoon both surveys using different methods revealed 5 fish taxa, with the combined list 
adding up to 6 taxa. This could be due to the fact that McMinns Lagoon, being smaller than Girraween, 
has fewer fish taxa inhabiting it, but this remains to be shown from further surveys. 

It appears that fish data collection during the wet season requires a larger effort than during the dry 
season, as water levels are higher and fringing reed and grass vegetation as well as simply deeper water 
are therefore accessible for fish to escape the electrical field or the sighting during a visual survey. 

The fish taxa indicator as proposed is therefore recommended to include more than one survey and 
possibly more than one method when data are gathered during the wet season. 

Table 26: Fish taxa lists obtained for Girraween and McMinns Lagoons using Electro-fishing and visual methods 
(visual data kindly provided by Duncan Buckle)  

    Girraween Girraween Girraween McMinns McMinns McMinns 

    E-fish Visual both E-fish Visual both 

    30/01/08 02/02/08   01/02/08 03/02/08   
Species name  Common name 11 shots of 5 

min 
4 transects, 
81 min   

15 shots of 
5 min 

8 transects, 
80 min   

Ambassis agrammus Sailfin glassfish, Sailfin 
perchlet 

 x x x x x 

Amniataba percoids Barred grunter, Banded 
grunter, Black-striped 
grunter 

 x x    

Arius sp. Catfish sp.    x  x 
Craterocephalus 
stercusmuscarum 

Fly-specked hardyhead x x x  x x 

Denariusa bandata Pennyfish x x x    
Glossamia aprion Mouth almighty  x x    
Lates calcarifer Barramundi x  x    
Megalops 
cyprinoides 

Tarpon, Oxeye Herring  x x    

Melanotaenia 
nigrans 

Black-banded 
rainbowfish 

   x x x 

Melanotaenia 
splendida australis 

Red-tailed rainbowfish, 
Western rainbowfish  

x x x x x x 

Morgurnda 
morgurnda 

Northern Trout 
Gudgeon, Purple 
Spotted Gudgeon 

   x x x 

Neosilurus ater Black catfish, Butter 
Jew, Narrow-fronted 
tandan 

x x x    

Ophisteron 
gutturale 

One-gilled swamp eel x  x    

Strongylura kreffti Freshwater longtom x x x    

Number of Taxa   7 9 11 5 5 6 

 

5.8.1.2 Macrophytes 
5.8.1.2.1 REVIEW OF EXISTING DATA AND ESTABLISHMENT OF THE REFERENCE CONDITION 
The review of macrophyte data on the Darwin area lagoons revealed again a very limited amount of 
data. Although a large amount of knowledge is available on the plant ecology and wetland communities 
of the local lagoons, these do not translate into species lists for specific lagoons (Cowie 2003, Cowie et 
al. 2000). Therefore the NT Herbarium data – although initially consisting of an extensive list of aquatic 
species records, shrunk when plotted over the lagoon locations in the study area.  

The report from Lloyd (1999) on two of the four Knuckeys Lagoons and that from Staben & 
Forsyth (2002) on Girraween Lagoon provide the only aquatic plant lists for those lagoons. The data 
available for the six lagoons selected for field work are listed in Tables 27 and 28 for Girraween and 
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Knuckeys Lagoons, respectively. No records on aquatic plants were found on Benjamin, McMinns, and 
Woodfords Lagoons. Two records for Waterlily Lagoon stated the paperbark species Melaleuca 
leucadendra (NT Herbarium), but this does not provide a lot of information with respect to a taxon 
number index. 

Table 27: Aquatic plant taxa list for Girraween Lagoon 

Lagoon 
Girraween 

Lagoon 
Girraween 

Lagoon 

near 
Girraween 

Lagoon 

Data source 
NT 

Herbarium 
Staben & 

Forsyth (2002) 
NT 

Herbarium 
Aldrovanda vesiculosa  x x 
Azolla pinnata  x  
Eriocaulon cinereum   x 
Eriocaulon spectabile   x 
Eriocaulon tortuosum   x 
Fimbristylis pauciflora   x 
Lepironia articulata x x  
Melaleuca cajuputi  x x 
Myriophyllum trachycarpum   x 
Nymphaea hastifolia   x 
Nymphaea violacea   x 
Nymphoides minima   x 
Nymphoides subacuta   x 
Oldenlandia tenuifolia   x 
Salvinia molesta x x  
Scirpus confervoidies  x  
Utricularia gibba   x  
Utricularia hamiltoni  x  
Utricularia muelleri x   
Xyris complanata  x  
Drosera sp.  x  
Eriocaulon sp.   x  
Nymphaea sp.    x  
Nymphoides sp.  x  
Utricularia sp.  x  

Number of taxa 3 
9 species + 5 

genera 12 
 

The data for Girraween Lagoon list 15 plant taxa, 10 of them identified to species level (Table 27). 
However, it is likely that the taxa list being generated through the field work just begun will result in 
more taxa, as it is expected that for example there will be more than one Nymphoides or Nymphaea 
species. The records in the column labelled ‘near Girraween Lagoon’ were listed as they contain aquatic 
plant species collected in the vicinity of Girraween Lagoon, probably in the adjacent lagoon complexes 
Girraween 3 and 6. We were advised that the coordinates attached to NT Herbarium records can be 
inaccurate when data were collected some time ago. It is expected to find some of the taxa currently 
listed as ‘near’ Girraween Lagoons also in the lagoon, which could already boost the taxa number to 
around 21.  

Table 28: Aquatic plant taxa list for Knuckeys Lagoons 
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Lagoon 
Knuckeys NE 
Lagoon 

Knuckeys NW 
Lagoon 

Knuckeys 
NW Lagoon 

Knuckeys S 
Lagoon 

Data source NT Herbarium NT Herbarium Lloyd 1999 Lloyd 2000 
Aniseia martinicensis   x     
Blyxa aubertii   x     
Caldesia oligococca var. oligococca x       
Coldenia procumbens x       
Cynodon dactylon var. dactylon x       
Cyperus serotinus   x     
Eclipta prostrata x       
Eriocaulon setaceum   x     
Heliotropium indicum x       
Isoetes coromandelina subsp. 
macrotuberculata   x     
Ludwigia adscendens x       
Melochia corchorifolia x       
Najas malesiana   x     
Nymphaea hastifolia   x     
Nymphaea violacea   x     
Nymphoides aurantiaca x       
Nymphoides minima x       
Oldenlandia tenuifolia   x     
Panicum paludosum   x     
Persicaria attenuata subsp. attenuata x       
Pseudoraphis spinescens   x x x 
Utricularia aurea   x     
Utricularia gibba   x     
Utricularia muelleri   x     
Caldesia sp.     x x 
Chara sp.     x x 
Cyperus sp.     x x 
Dentella sp.       x 
Eleocharis sp.     x x 
Eleusine sp.     x   
Fimbristylis sp.     x x 
Hymenachne sp.     x   
Ludwigia sp.     x   
Melaleuca sp.     x   
Melochia sp.       x 
Najas sp.     x x 
Nymphaea sp.     x x 
Nymphoides sp.     x x 
Oligococca sp.     x   
Oryza sp.     x   
Panicum sp.     x   
Paspalum sp.     x   
Persicaria sp.     x   
Polygola sp.     x x 
Rynchospora sp.     x   
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Lagoon 
Knuckeys NE 
Lagoon 

Knuckeys NW 
Lagoon 

Knuckeys 
NW Lagoon 

Knuckeys S 
Lagoon 

Data source NT Herbarium NT Herbarium Lloyd 1999 Lloyd 2000 
Sorghum sp.     x x 
Utricularia sp.     x x 
Vertveria sp.     x x 

Number of taxa 10 14 
1 species + 
22 genera 

1 species + 
14 genera 

 

For Knuckeys NE Lagoon, the one selected for this project, 10 taxa are known from Herbarium records. 
Lloyd (1999) found 25 taxa (mainly genus level) for the NW Lagoon, when collecting data 
systematically over one year, whereas the Herbarium records reveal 14 taxa (all species level) for the 
same lagoon. Most of Lloyd’s records are to genus level only. It is therefore likely, that the field work 
beginning in February 2008 will again provide a more comprehensive taxa list for Knuckeys NE lagoon 
than the one shown in Table 28. 

It is again not possible to establish a reference condition on this small amount of data available. The 
field work collecting data on macrophytes (and algae) in the six selected lagoons commenced in 
February 2008 and is planned to be carried out four times covering one annual cycle. It is hoped that 
this will provide data to establish a reference condition for at least those 6 lagoons, but might enable to 
form groups of lagoons from which then to extrapolate the reference condition for other lagoons in the 
study area. 

It is hypothesised that more taxa will be found in larger lagoons and it is also assumed that there will be 
a different number of taxa dependent on whether a lagoon dries out or whether it is permanent. 
Permanent lagoons might have more taxa than ephemeral ones, but it is also possible that the drying out 
creates some niches that other (additional) plant taxa might thrive on. Cowie (2003) states that the 
shallow wetlands in the Darwin Harbour catchment are high in endemic plant species and species of 
conservation significance.  

The data collected from the recently begun field work is also expected to provide information on the 
best time of year to collect macrophyte data for a taxon number index, or whether data collection is 
required over a full annual cycle. 

After the establishment of a reference condition, a Macrophyte Indicator scoring system will be 
suggested similar to the fish indicator with a declining number of taxa reflected in a lower indicator 
score. 

 

5.8.1.2.2 FIELD DATA COLLECTION TRIAL 
The objective is to generate a species list for each of the six lagoons. Data will be collected in 
February/March, May, October and December. It is planned to do two transects per lagoon, each 
beginning from the edge to the middle of the lagoon plus two approximately 50 m transects along the 
waters edge, in approximately knee deep water. All emergent and submerged vegetation is recorded and 
a rake is used to collect deeper submerged plants, while the length of the rake handle provides the 
maximum depth to which plants are sampled. Shallow water is waded through; deeper water is sampled 
from a canoe or punt depending on lagoon size and safety considerations. 

Identification will be attempted in the field, if not possible, specimens will be taken to the NT 
Herbarium, who kindly offered their expertise to support the project. 

The taxa list obtained during the first field collection at Knuckeys NE Lagoon is listed in Table 29. The 
taxa number of species is 28, possibly 29 and there are another 9 taxa identified to genus level only. 
This confirms the assumption that systematic surveys as just begun are rendering a higher taxa number 
than could be obtained from the review of existing records. At this stage the approach is taken to wait 
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for the data from the 4 surveys planned throughout the year in order to establish a reference condition, 
which might be restricted to the 6 lagoons being surveyed. 

Table 29: Macrophyte survey data from first field collection at Knuckeys NE Lagoon (Identification by Ben 
Stuckey from NT Herbarium) 

    Knuckeys NE Lagoon 

Species name Comment 08/02/2008 
Aeschynomene indica   x 
Alternanthera denticulata   x 
Asteromyrtus  symphocarpa   x 
Blyxa auberti   x 
Cyperus affin. triceps   x 
Cyperus compressus   x 
Cyperus iscariosus   x 
Cyperus serrotinus   x 
Cyperus sphacelatus weed x 
Dentella dioeca   x 
Ectrosia leporina   x 
Eriocaulon setaceum   x 
Goodenia purpurescens   x 
Isoetes coromandelina subsp. 
macrotuberculata 

  x 

Limnophila fragrans   x 
Ludwigia hyssopifolia   x 
Melaleuca viridiflora   x 
Melochia corchorifolia   x 
Microcarpaea minima   x 
Nymphaea hastifolia   x 
Paspalum scrobiculatum   x 
Persicaria attenuata   x 
Phyllanthus sulcatus   x 
Pseudoraphis spinescens   x 
Richardia braziliensis weed x 
Sorghum intrans   x 
Stylosanthes hamata weed x 
Stylosanthes humilis weed, not sure if really 

2 different species 
x 

Triglochin dubium   x 
Desmodium sp.   x 
Eragrostis sp.   x 
Fimbristylis sp.   x 
Lindernia sp.   x 
Najas sp.   x 
Nitella sp.   x 
Oldenlandia sp.   x 
Spirogyra sp.   x 
Utricularia sp.   x 
Number of taxa (species)   28 or 29 
Number of taxa (genus)   9 
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From the first data collection it appears possible and probably meaningful to also establish an exotic 
taxa or weed indicator. 

5.8.2 Biota indicator results and discussion 

5.8.2.1 Fish Indicator 
Based on the small amount of data collected, the Fish Indicator could only be calculated for Girraween 
Lagoon as this was the only lagoon where a reference condition had been established based on existing 
fish data. The Fish Indicator is displayed in Table 30. As discussed above, data was available from two 
surveys in the wet season using two data collection methods, and one survey in the dry season. The use 
of one of the wet season surveys only would lead to lower scores and assessment of the lagoon as 
slightly to moderately modified (Table 30).  

Table 30: Fish Indicator results for Girraween Lagoon  

Lagoon Method Season Survey time Fish Taxon number Score Band 
Girraween E-fishing boat wet  Jan/Feb 08 7 0.5 C 
Girraween visual, boat wet  Jan/Feb 08 9 0.75 B 
Girraween E-fishing boat dry Aug 07 13 1 A 

 

As stated above, the electro fishing survey in January 2008 was cut short due to rain, which also 
confirms that data collection in the wet season should be carried out on more than a single day. 

If settling on electro fishing as methodology to obtain data for the Fish Indicator, it appears – on the 
small amount of survey data available – more reasonable to collect data in the dry season. The 
seasonality and methodology of fish data collection needs further investigation as an indicator should 
only be calculated on reliable and reproducible data. 

5.8.2.2 Macrophyte Indicator 
Based on the small amount of data currently available, it was not possible to establish a reference 
condition. Therefore no Macrophyte Indicator was calculated. 

5.8.2.3 Biota Indicator general discussion 
Generally it appears not meaningful to calculate a Biota Indicator based on a taxon number of lower 
than 10 for the reference condition, as natural variability and sampling variability might lead to the risk 
of obtaining a low taxa number, resulting in a low score, which might not reflect the current situation. 
Therefore the Fish Taxa Indicator might not prove suitable, but this remains to be seen on the basis of 
more data for other lagoons. 

At this stage the macrophyte taxa number appears to be a viable option for a meaningful indicator. 
However, the current field data collection on six lagoons will provide information covering a whole 
seasonal and annual cycle. It is anticipated that a Macrophyte Indicator can be developed on the basis of 
these data. 

Using an indicator based on macroinvertebrates would overcome the problem of low taxa number 
encountered for the fish indicator, and sampling and analysis methodologies are well established (Davis 
et al. 2006). However, there is currently no data available to establish AUSRIVAS – or AUSWAMP – 
like predictive models even for the study area only (Dostine 2003). The AUSRIVAS experience has 
shown that a considerable amount of resources needs to be available to create the amount of data needed 
in order to develop one or several predictive model/s. 

Based on the macrophyte data being collected it is also possible to develop an Aquatic Weed Indicator, 
as there are a number of introduced plant species in the Top End known to invade wetlands, including 
Cabomba caroliniana, Echinochloa polystachya, Hymenachne amplexicaulis, Mimosa pigra, Salvinia 
molesta and Urochloa mutica (Cowie 2003), especially in the light that Salvinia molesta is known to 
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exist in Girraween Lagoon. However, the data being currently collected might reveal the 
meaningfulness of developing an Aquatic Weed Indicator for the Darwin area lagoons. 

5.9 Aggregation of indices for individual lagoons to indices for the 
wetlands in the study area 
The aggregation of indices for the individual lagoons to an overall score for the study area was carried 
out following Norris et al. (2007b), as listed in Table 1, p17 of that document. 

5.9.1 Catchment Disturbance Index CDI 
The aggregation of the Catchment Disturbance Indices of individual lagoon catchments was calculated 
on an area weighted average based on the catchment area (Norris et al. 2007b). The area of all lagoon 
catchments was added up and set to 100%. The percentage of each individual lagoon catchment area 
was multiplied with the individual CDI score. This value was calculated for each lagoon catchment, 
summed and divided by 100 to bring the score back from a percentage value to a value between 1 and 0. 

The overall Catchment Disturbance Index was 0.6, classed as band B for all 101 catchments (Table 31). 
The 58 catchments of natural lagoons scored slightly better with 0.68, whereas catchments containing 
only or also man-made lagoon complexes scored considerably worse with 0.32, classing them as band 
D, substantially disturbed. 

Table 31: Catchment Disturbance Index for all lagoons in study area 

Lagoon catchment N 
Area 
(km2) 

CDI area weighted 
average 

CDI 
Band 

all  101 156.41 0.60 B 
natural 58 122.38 0.68 B 
man-made and mixed 43 34.03 0.32 D 

 

5.9.2 Physical disturbance Index PDI 
Aggregation of the Physical Disturbance Indices of individual lagoon complexes was calculated on an 
area weighted average based on the wetland complex area (Norris et al. 2007b). The area of all lagoon 
complexes was added up and set to 100%. The percentage of each individual lagoon complex area was 
multiplied with the individual PDI score. This value was calculated for each lagoon complex, summed 
and divided by 100 to bring the score back from a percentage value to a value between 1 and 0.  

This aggregated index was calculated for all 195 lagoons as well as for the sub groups of all 92 natural 
and all 103 man-made and mixed lagoon complexes (Table 32). The aggregated score for all lagoon 
complexes is 0.65. The aggregated score for the natural lagoons in the study area is better with 0.70, 
whereas the groups of man-made and mixed lagoons aggregated score is lower with 0.60. 

Table 32: Physical Disturbance Index for lagoons in study area 

Lagoon complex N Area 
(km2) 

PDI area weighted 
average 

PDI Band 

all  195 33.48 0.65 B 
natural 92 16.53 0.70 B 
man-made and mixed 103 16.95 0.60 B 
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5.9.3 Hydrological Disturbance Index HDI 
Aggregation of the Hydrological Disturbance Indices of individual lagoon complexes was calculated on 
an area weighted average based on the wetland complex area as described above for the Physical 
Disturbance Index (Norris et al. 2007b).  

The HDI was available for the 195 lagoon complexes of the GIS study plus for Leaning Tree and 
Woodfords Lagoons, so that the aggregated index is encompassing 197 lagoon complexes, with the sub 
groups of 94 natural ones and 103 man-made and mixed complexes. The area size for Woodfords 
Lagoon was taken from Schult (2004). The area size for Leaning Tree Lagoon was estimated using the 
area measuring tool in NRETAmaps (The NTG internal version of NRETAmaps has the google 
earth/NTG aerial photography background). As the Lagoon complex was not defined according to the 
GIS mapping rules (section 3.1), the size of the area of the Leaning Tree Lagoon Nature Park was taken 
as a substitute. These errors in accuracy due to different methods to determine the area size do not carry 
too much weight for this particular indicator in this particular study area, as the score for all lagoon 
complexes is identical. 

This aggregated index was calculated for all 197 lagoons as well as for the sub groups of all 94 natural 
and all 103 man-made and mixed lagoon complexes (Table 33). As all lagoon complexes had an 
individual HDI score of 1, the aggregated study area lagoon HDI is also 1. 

Table 33: Hydrological Disturbance Index for lagoons in study area 

Lagoon complex N 
Area 
(km2) 

HDI area 
weighted average HDI Band 

all  197 35.02 1 A 
natural 94 18.07 1 A 
man-made and mixed 103 16.95 1 A 

 

5.9.4 Fringing Zone Index FZI 
Aggregation of the Fringing Zone Indices of individual lagoon complexes was calculated on an area 
weighted average based on the lagoon complex area (Norris et al. 2007b) as described above for the 
Physical Disturbance Index.  

This aggregated index was calculated for all 195 lagoons as well as for the sub groups of all 92 natural 
and all 103 man-made and mixed lagoon complexes (Table 34). The aggregated score for all lagoon 
complexes is 0.68. The aggregated score for the natural lagoons in the study area is considerably better 
with 0.76, whereas the groups of man-made and mixed lagoons aggregated score is lower with 0.60. 

Table 34: Fringing Zone Index for lagoons in study area 

Lagoon complex N 
Area 
(km2) 

FZI area weighted 
average FZI Band 

all  
19
5 33.48 0.68 B 

natural 92 16.53 0.76 B 

man-made and mixed 
10
3 16.95 0.60 B 

 

5.9.5 Water Quality Index WQI 
Aggregation of the Water Quality Indices of individual lagoons was calculated on an area weighted 
average based on the lagoon water body area as described above for the Physical Disturbance Index 
(Norris et al. 2007b).  
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The WQI was available for 12 lagoons, 10 of which were part of the GIS study plus for Leaning Tree 
and Woodfords Lagoons, so that the aggregated index is encompassing 12 lagoons all of which are 
classed as natural ones. The area size of the water bodies of Woodfords and for Leaning Tree Lagoons 
was estimated using the area measuring tool in NRETAmaps at a screen scale of 1:10 000.  

Table 35: Water Quality Index for natural lagoons in study area 

Lagoon water body N 
Area 
(km2) 

WQI area 
weighted average 

WQI 
Band 

all (all natural) 12 1.55 0.84 A 
 

As displayed in Table 35, the aggregated WQI value for the 12 natural lagoons classes this group as 
largely unmodified. 

5.9.6 Biota Index BI 
Aggregation of the Biota Indices of individual lagoons is anticipated to be calculated on an area 
weighted average based on the lagoon water body area as described above for the Physical Disturbance 
Index (Norris et al. 2007b). As there was only one data point available for Girraween Lagoon, no 
aggregation was calculated. 

5.10 Integration of indices per wetland to individual Wetland 
Condition Index WCI 

5.10.1 Wetland Condition Index calculation 
The integration method to combine the individual indices per wetland to a Wetland Condition Index 
WCI for each wetland follows Norris et al. (2007b) using the standardised Euclidean distance: 

5.10.2 Wetland Condition Index results and discussion 
The overview of all indicator scores calculated as part of this trial study as well as the Wetland 
Condition Index WCI for the individual lagoons/lagoon complexes is presented in Table 36. This table 
is based and sorted on the lagoon complex names. The respective catchment names are provided in the 
first column together with the lagoon complex names. If there is only one name, then both the lagoon 
complex and the catchment have the same name. If there is a minus after the dash ‘/-‘, the lagoon 
complex did not have a catchment for which an index was calculated, ie. when the lagoon complex 
boundary equaled the catchment boundary (see section 4.3).  

WCI = 1 - √ (1-CDI)2 + (1-PDI)2 + (1-HDI)2 + (1-FZI)2 + (1-WQI)2 + (1-BI)2  /  √N 

With WCI: Wetland Condition Index,  

CDI: Catchment Disturbance Index,  

PDI: Physical Disturbance Index,  

HDI: Hydrological Disturbance Index,  

FZI: Fringing Zone Index,  

WQI: Water Quality Index,  

BI: Biota Index,  

N: Number of Indices used, in this example N=6. 
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In Table 36 the classification in natural, man-made or mixed, follows that for the wetland complexes, 
not for the catchments. The latter would place more of the complexes into the mixed category.  

Table 36:  Overview of all individual wetland index scores, the integrated Wetland Condition Index and the 
aggregated scores for all lagoon complexes/catchments in the study area 

Lagoon complex 
name/Catchment  name 

Wet-
land 
type 

CDI CDI 
B 
A 
N 
D 

PDI PDI 
B 
A 
N 
D 

HDI HDI 
B 
A 
N 
D 

FZI FZI 
B 
A 
N 
D 

WQI WQI 
B 
A 
N 
D 

BI BI 
B 
A 
N 
D 

WCI WCI 
B 
A 
N 
D 

Benham's Lagoon n* 0.88 A 0.6 B 1 A 0.93 A 0.66 B     0.76 B 

Benjamin Lagoon n 0.56 C 0.55 C 1 A 0.61 B 1 A     0.67 B 

Bennetts Waterhole n     0.5 C 1 A 0.02 E         0.36 D 

Dutchies 3/Dutchies A n 0.06 E 0.6 B 1 A 0.85 A         0.48 C 

Dutchies Lagoon/Dutchies A n 0.06 E 0.7 B 1 A 0.56 C         0.46 C 

Edwin Creek 1/A n 0.69 B 0.65 B 1 A 0.84 A 0.66 B     0.73 B 

Edwin Creek 2/B n 0.04 E 0.55 C 1 A 0.29 D 0.55 C     0.40 C 

Edwin Creek 5/E n 0.34 D 0.55 C 1 A 0.01 E         0.36 D 

Fischer 2/A n 1 A 0.75 B 1 A 1.00 A         0.87 A 

Fischer 3/B n 0.94 A 0.65 B 1 A 0.98 A         0.82 A 

Fischer 4/C n 0.95 A 0.7 B 1 A 1.00 A         0.85 A 

Fischer 6/D n 1 A 0.6 B 1 A 1.00 A         0.80 A 

Fischer 7/- n     0.6 B 1 A 1.00 A         0.77 B 

Fischer 8/- n     0.65 B 1 A 1.00 A         0.80 A 

Fischer 9/- n 0.95 A 0.6 B 1 A 1.00 A         0.80 A 

Fischer Lagoon/Fischer n 0.97 A 0.8 A 1 A 0.95 A         0.90 A 

Freds Pass 11/D n 0.06 E 0.4 C 1 A 0.09 E         0.28 D 

Freds Pass 13/- n     0.25 D 1 A 0.64 B         0.52 C 

Freds Pass 5/D n 0.06 E 0.65 B 1 A 0.30 D         0.39 D 
Freds Pass Lagoon/Freds 
Pass A n 0 E 0.4 C 1 A 0.44 C         0.35 D 

Girraween 10/F n 0.59 C 0.65 B 1 A 0.97 A         0.73 B 

Girraween 15/I n 0.43 C 0.65 B 1 A 0.37 D         0.54 C 

Girraween 16/I n 0.43 C 0.6 B 1 A 0.03 E         0.40 C 

Girraween 17/J n     0.5 C 1 A 0.67 B         0.65 B 

Girraween 18/K n 0.52 C 0.5 C 1 A 0.89 A         0.65 B 

Girraween 19/K n 0.52 C 0.55 C 1 A 0.97 A         0.67 B 

Girraween 2/- n     0.6 C 1 A 0.50 C         0.63 B 

Girraween 22/M n     0.4 C 1 A 0.00 E         0.33 D 

Girraween 3/- n     0.55 C 1 A 0.64 B         0.67 B 

Girraween 5/London Lagoon n     0.65 B 1 A 0.70 B         0.73 B 

Girraween 6/- n     0.7 B 1 A 0.81 A         0.79 B 

Girraween 8/D n 0.44 C 0.65 B 1 A 0.66 B         0.63 B 

Girraween 9/E n 0.91 A 0.55 C 1 A 1.00 A         0.77 B 
Girraween 
Lagoon/Girraween n 0.44 C 0.7 B 1 A 0.90 A 1 A 1 A 0.74 B 

Herbert 2/A n 0.32 D 0.6 B 1 A 0.38 D         0.50 C 

Herbert 3/C n 0.39 D 0.5 C 1 A 1.00 A         0.61 B 

Herbert 5/E n     0.55 C 1 A 0.48 C         0.60 B 

Howard River 10/D n 0.95 A 0.55 C 1 A 0.39 D         0.62 B 

Howard River 11/F n 0.47 C 0.7 B 1 A 0.28 D         0.53 C 
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Lagoon complex 
name/Catchment  name 

Wet-
land 
type 

CDI CDI 
B 
A 
N 
D 

PDI PDI 
B 
A 
N 
D 

HDI HDI 
B 
A 
N 
D 

FZI FZI 
B 
A 
N 
D 

WQI WQI 
B 
A 
N 
D 

BI BI 
B 
A 
N 
D 

WCI WCI 
B 
A 
N 
D 

Howard River 12/G n 0.07 E 0.65 B 1 A 0.06 E         0.32 D 

Howard River 14/G n 0.07 E 0.6 B 1 A 0.23 D         0.37 D 

Howard River 16/G n 0.07 E 0.65 B 1 A 0.82 A         0.50 C 

Howard River 17/I n 0.59 C 0.6 B 1 A 0.61 B         0.66 B 

Howard River 18/D n 0.95 A 0.65 B 1 A 0.90 A         0.82 A 

Howard River 19/G n 0.07 E 0.7 B 1 A 0.39 D         0.43 C 

Howard River 20/I n 0.59 C 0.65 B 1 A 0.13 E         0.49 C 

Howard River 23/J n 0.90 A 0.5 C 1 A 0.00 E         0.44 C 

Howard River 25/L n 1 A 0.65 B 1 A 0.93 A         0.82 A 

Howard River 26/L n 1 A 0.65 B 1 A 1.00 A         0.82 A 

Howard River 27/L n 1 A 0.6 B 1 A 1.00 A         0.80 A 

Howard River 28/L n 1 A 0.7 B 1 A 1.00 A         0.85 A 

Howard River 6/- n     0.65 B 1 A 1.00 A         0.80 A 

Howard River 7/- n     0.65 B 1 A 0.95 A         0.80 A 

Howard River 9/- n     0.6 B 1 A 0.62 B         0.68 B 

Howard Springs 1/A n 0.92 A 0.55 C 1 A 0.90 A         0.77 B 

Howard Springs 2/B n 0.82 A 0.65 B 1 A 0.95 A         0.80 A 

Howard Springs 3/C n     0.65 B 1 A 1.00 A         0.80 A 

Howard Springs 4/D n 0.93 A 0.65 B 1 A 0.83 A         0.80 A 

Humpty Doo 1/A n 0 E 0.75 B 1 A 0.76 B         0.47 C 

Humpty Doo 2/B n 0 E 0.55 C 1 A 0.00 E         0.26 D 

Humpty Doo 3/C n 0.33 D 0.65 B 1 A 0.48 C         0.54 C 

Ironstone Lagoon n 0 E 0.45 C 1 A 0.92 A         0.43 C 
Knuckeys 
Lagoons/Knuckey's n 0 E 0.65 B 1 A 0.06 E 0.44 C     0.32 D 

Koolpinyah 2/B n 0.97 A 0.65 B 1 A 1.00 A         0.82 A 

Koolpinyah 3/C n 0.98 A 0.7 B 1 A 1.00 A         0.85 A 

Koolpinyah 5/D n 1 A 0.6 B 1 A 1.00 A         0.80 A 

Koolpinyah 6/E n 0.96 A 0.65 B 1 A 0.95 A         0.82 A 
Korebum Lagoon & 
Kurrubam 3/Korebum n 0.99 A 0.75 B 1 A 1.00 A 1 A     0.89 A 

Kurrubam 1/A n 1 A 0.65 B 1 A 1.00 A 1 A     0.84 A 

Kurrubam 2/B n 0.85 A 0.7 B 1 A 1.00 A         0.83 A 

Kurrubam 4/C n 0.98 A 0.7 B 1 A 0.94 A         0.85 A 

Kurrubam 5/d n 0.96 A 0.6 B 1 A 1.00 A         0.80 A 

Limul Limul 1 & 1B/A n 0.98 A 0.65 B 1 A 1.00 A         0.82 A 

Limul Limul 2/D n 0.98 A 0.7 B 1 A 1.00 A         0.85 A 

Limul Limul 3, 4 & 5/B n 0.99 A 0.8 A 1 A 0.98 A         0.90 A 

Limul Limul 6/C n 0.96 A 0.75 B 1 A 0.95 A         0.87 A 
Little Bindi Waterhole & 
Koolpinyah 4/Koolpinyah A n 0 E 0.5 C 1 A 0.06 E         0.27 D 

London Lagoon n 0 E 0.7 B 1 A 0.57 C         0.44 C 

Lyons Lagoon n 0.94 A 0.8 A 1 A 0.97 A         0.90 A 

McMinns Lagoon n 0.03 E 0.6 B 1 A 0.05 E 1 A     0.37 D 

Mud Hole Lagoon/Herbert J n     0.7 B 1 A 1.00 A         0.83 A 

Ninnis Creek 1/A n 1 A 0.75 B 1 A 1.00 A         0.87 A 
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Lagoon complex 
name/Catchment  name 

Wet-
land 
type 

CDI CDI 
B 
A 
N 
D 

PDI PDI 
B 
A 
N 
D 

HDI HDI 
B 
A 
N 
D 

FZI FZI 
B 
A 
N 
D 

WQI WQI 
B 
A 
N 
D 

BI BI 
B 
A 
N 
D 

WCI WCI 
B 
A 
N 
D 

Ninnis Creek 2/B n 0.99 A 0.65 B 1 A 1.00 A         0.82 A 

Ninnis Creek 3/A n 1 A 0.7 B 1 A 1.00 A         0.85 A 

Ninnis Creek 4/C n     0.6 B 1 A 0.95 A         0.77 B 

Noonamah 1/A n 0 E 0.6 B 1 A 0.00 E         0.27 D 

Pumphouse Lagoon n 0.85 A 0.5 C 1 A 0.68 B         0.69 B 

Quambi Lagoon n 0.80 A 0.75 B 1 A 0.90 A         0.83 A 
Queen Elizabeth 
Lagoon/Herbert J n     0.75 B 1 A 1.00 A         0.86 A 

Thorak 3/A n 0.54 C 0.6 B 1 A 0.33 D         0.55 C 
Wadham's Lagoon/Freds 
Pass J n 0 E 0.55 C 1 A 0.45 C         0.39 D 

Waterlily Lagoon n 0.32 D 0.6 B 1 A 0.23 D 0.66 B     0.49 C 

Bennetts Creek 1/B ma*     0.55 C 1 A 0.26 D         0.50 C 

Bennetts Creek 2/C ma     0.4 C 1 A 0.28 D         0.46 C 

Bennetts Creek 3/D ma     0.35 D 1 A 0.07 E         0.35 D 

East Arm 1/A ma 0.29 D 0.55 C 1 A 0.00 E         0.35 D 

Edwin Creek 4/D ma     0.55 C 1 A 0.77 B         0.71 B 

Edwin Creek 6/F ma     0.45 C 1 A 0.63 B         0.62 B 

Edwin Creek 7/G ma     0.3 D 1 A 0.00 E         0.30 D 

Edwin Creek 8/H ma 0.44 C 0.65 B 1 A 0.58 C         0.61 B 
Fairway Waters/Fairway 
Waters B ma 0 E 0.45 C 1 A 0.00 E         0.24 D 
Fairway Waters 
Entrance/Fairway Waters B ma 0 E 0.55 C 1 A 0.00 E         0.26 D 
Fairway Waters 
Lagoon/Fairway Waters ma 0.45 C 0.55 C 1 A 0.31 D         0.50 C 
Fairway Waters 
South/Fairway Waters A ma 0 E 0.35 D 1 A 0.00 E         0.22 D 

Freds Pass 10/F ma 0.57 C 0.4 C 1 A 0.14 E         0.43 C 

Freds Pass 12/I ma     0.3 D 1 A 0.00 E         0.30 D 

Freds Pass 2/B ma 0 E 0.35 D 1 A 0.00 E         0.22 D 

Freds Pass 3/C ma 0.34 D 0.5 C 1 A 0.26 D         0.45 C 

Freds Pass 4/C ma 0.34 D 0.6 B 1 A 0.19 E         0.44 C 

Freds Pass 6/E ma     0.45 C 1 A 0.50 C         0.57 C 

Freds Pass 7/F ma 0.57 C 0.6 B 1 A 0.68 B         0.67 B 

Freds Pass 8/G ma 0 E 0.55 C 1 A 0.00 E         0.26 D 

Freds Pass 9/H ma 0.16 E 0.35 D 1 A 0.04 E         0.28 D 

Girraween 11/C ma 0.26 D 0.6 B 1 A 0.47 C         0.50 C 

Girraween 12/- ma     0.55 C 1 A 0.52 C         0.62 B 

Girraween 13/G ma     0.55 C 1 A 0.00 E         0.37 D 

Girraween 14/H ma 0.28 D 0.35 D 1 A 0.66 B         0.49 C 

Girraween 20/L ma 0.28 D 0.5 C 1 A 0.00 E         0.33 D 
Girraween 21/London 
Lagoon ma     0.35 D 1 A 0.00 E         0.31 D 

Girraween 4/B ma 0.32 D 0.5 C 1 A 0.20 E         0.42 C 

Girraween 7/- ma     0.5 C 1 A 0.58 C         0.62 B 

Haycock 1/A ma     0.55 C 1 A 0.74 B         0.70 B 

Haycock 2/B ma     0.6 B 1 A 0.59 C         0.67 B 

Herbert 1/B ma     0.45 C 1 A 0.84 B         0.67 B 
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Lagoon complex 
name/Catchment  name 

Wet-
land 
type 

CDI CDI 
B 
A 
N 
D 

PDI PDI 
B 
A 
N 
D 

HDI HDI 
B 
A 
N 
D 

FZI FZI 
B 
A 
N 
D 

WQI WQI 
B 
A 
N 
D 

BI BI 
B 
A 
N 
D 

WCI WCI 
B 
A 
N 
D 

Herbert 4/D ma     0.45 C 1 A 0.38 D         0.52 C 

Herbert 6/F ma     0.35 D 1 A 0.20 E         0.40 C 

Herbert 7/G ma     0.35 D 1 A 0.51 C         0.53 C 

Herbert 8/H ma 0.58 C 0.6 B 1 A 0.58 C         0.64 B 

Herbert 9/I ma     0.45 C 1 A 0.92 A         0.68 B 

Howard River 15/H ma     0.6 B 1 A 0.00 E         0.38 D 

Howard River 22/A ma 0.05 E 0.35 D 1 A 0.00 E         0.24 D 

Howard River 24/K ma 0 E 0.45 C 1 A 0.45 C         0.37 D 

Howard River 3/A ma 0.05 E 0.4 C 1 A 0.00 E         0.25 D 

Howard River 4B ma 0.79 B 0.5 C 1 A 0.74 B         0.70 B 

Howard River 8E ma     0.6 B 1 A 0.01 E         0.38 D 

Howard River 21/G ma 0.07 E 0.3 D 1 A 0.00 E         0.23 D 
Howard Springs 5/Freds Pass 
J ma 0 E 0.4 C 1 A 0.73 E         0.40 C 

Howard Springs 6/E ma     0.55 C 1 A 0.74 B         0.70 B 

Humpty Doo 10/J ma     0.6 B 1 A 0.47 C         0.62 B 

Humpty Doo 11/K ma     0.6 B 1 A 0.43 C         0.60 B 

Humpty Doo 12/L ma     0.6 B 1 A 0.66 B         0.70 B 

Humpty Doo 13M ma     0.45 C 1 A 0.70 B         0.64 B 

Humpty Doo 14N ma 0.92 A 0.5 C 1 A 0.86 A         0.74 B 

Humpty Doo 15/O ma 0.08 E 0.35 D 1 A 0.00 E         0.25 D 

Humpty Doo 16/O ma 0.08 E 0.6 B 1 A 0.31 D         0.39 D 

Humpty Doo 17/P ma     0.45 C 1 A 0.00 E         0.34 D 

Humpty Doo 4D ma     0.5 C 1 A 0.00 E         0.35 D 

Humpty Doo 5/E ma     0.5 C 1 A 0.68 B         0.66 B 

Humpty Doo 6/F ma     0.6 B 1 A 0.50 C         0.63 B 

Humpty Doo 7/G ma     0.55 C 1 A 0.00 E         0.37 D 

Humpty Doo 8/H ma     0.55 C 1 A 0.01 E         0.37 D 

Humpty Doo 9/I ma 0.65 B 0.45 C 1 A 0.65 B         0.63 B 

Kings Creek 1/A ma 0.80 A 0.55 C 1 A 0.60 B         0.68 B 

Kings Creek 2/B ma 0.43 C 0.35 D 1 A 0.16 E         0.40 C 

Kings Creek 3/D ma 0.84 A 0.6 B 1 A 0.81 A         0.77 B 

Marlow Lagoon ma 0 E 0.45 C 1 A 0.45 C         0.37 D 

Middle Arm 1/A ma     0.75 B 1 A 0.55 C         0.70 B 

Middle Arm 2/B ma     0.55 C 1 A 0.40 C         0.57 C 

Ninnis Creek 5/D ma     0.7 B 1 A 0.91 A         0.82 A 

Ninnis Creek 6/E ma 0.89 A 0.7 B 1 A 0.89 A         0.83 A 

Ninnis Creek 7/E ma 0.89 A 0.65 B 1 A 0.78 B         0.79 B 

Palmerston North 1/A ma 0 E 0.5 C 1 A 0.52 C         0.39 D 

Palmerston North 1A/- ma     0.4 C 1 A 0.00 E         0.33 D 

Palmerston North 10/C ma 0 E 0.35 D 1 A 0.14 E         0.26 D 

Palmerston North 11/D ma 0.47 C 0.65 B 1 A 0.34 D         0.54 C 

Palmerston North 12/E ma 0.47 C 0.5 C 1 A 0.27 D         0.48 C 
Palmerston North 2/Fairway 
Waters B ma     0.4 C 1 A 0.00 E         0.33 D 

Palmerston North 3/Fairway ma     0.4 C 1 A 0.00 E         0.33 D 
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Lagoon complex 
name/Catchment  name 

Wet-
land 
type 

CDI CDI 
B 
A 
N 
D 

PDI PDI 
B 
A 
N 
D 

HDI HDI 
B 
A 
N 
D 

FZI FZI 
B 
A 
N 
D 

WQI WQI 
B 
A 
N 
D 

BI BI 
B 
A 
N 
D 

WCI WCI 
B 
A 
N 
D 

Waters B 

Palmerston North 4/Fairway 
Waters B ma     0.55 C 1 A 0.00 E         0.37 D 
Palmerston North 6/Fairway 
Waters B ma     0.45 C 1 A 0.00 E         0.34 D 
Palmerston North 
6A/Fairway Waters B ma     0.55 C 1 A 0.02 E         0.38 D 

Palmerston North 7/B ma 0.58 C 0.55 C 1 A 0.16 E         0.48 C 
Palmerston North 8/Fairway 
Waters B ma     0.45 C 1 A 0.00 E         0.34 D 
Palmerston North 9/Fairway 
Waters B ma     0.4 C 1 A 0.00 E         0.33 D 

Palmerston South 1/- ma     0.55 C 1 A 0.47 C         0.60 B 

Palmerston South 2/- ma     0.5 C 1 A 0.72 B         0.67 B 

Palmerston South 3/A ma     0.55 C 1 A 0.10 E         0.42 C 

The Chase Ponds ma 0 E 0.5 C 1 A 0.00 E         0.25 D 

Thorak 4/B ma 0 E 0.35 D 1 A 0.00 E         0.22 D 

Thorak 6/D ma 0.44 C 0.55 C 1 A 0.11 E         0.43 C 

Thorak 7/D ma 0.44 C 0.5 C 1 A 0.29 D         0.48 C 

Thorak 8/- ma     0.4 C 1 A 0.00 E         0.33 D 

Wickham 1/A ma     0.6 B 1 A 0.92 A         0.76 B 

Wickham 2/B ma     0.55 C 1 A 0.85 A         0.73 B 

5073-213 ma 0.40 C 0.3 D 1 A 0.44 C         0.46 C 

5073-213_1/- ma     0.45 C 1 A 0.39 D         0.53 C 

5073-224 ma 0 E 0.3 D 1 A 0.05 E         0.23 D 

5073-224_1/- ma     0.35 D 1 A 0.53 C         0.54 C 

5073-224_2/5073-224 (1) ma 0 E 0.45 C 1 A 0.01 E         0.25 D 

5073-224_3/5073-224 (1) ma 0 E 0.4 C 1 A 0.00 E         0.23 D 

5073-231 ma 0 E 0.3 D 1 A 0.00 E         0.21 D 

Edwin Creek 3/C mi*     0.6 B 1 A 0.64 B         0.69 B 

Girraween 1/A mi 0 E 0.7 B 1 A 0.59 C         0.44 C 

Howard River 5/C mi     0.6 B 1 A 0.45 C         0.61 B 

Thorak 5/C mi 0.49 C 0.65 B 1 A 0.30 D         0.54 C 

Leaning Tree Lagoona n         1 A     0.66 B     0.76 Ba 

Woodfords Lagoona n         1 A     1 A     1.00 Aa 

All   0.60 B 0.65 B 1 A 0.68 B 0.84 A     0.71 B 

Natural    0.68 B 0.70 B 1 A 0.76 B 0.84 A     0.76 B 

Man-made and mixed   0.32 D 0.60 B 1 A 0.60 B         0.56 C 
*: n = natural, ma = man-made, mi = mixed  
a: integration to Wetland Condition Index is recommended on a minimum of three Indices. For Leaning Tree and Woodfords 
Lagoons data were available for 2 indices only, therefore the WCI score is not actually valid, colour coding is not applied. 

The Wetland Condition Index was calculated based on the index scores of the six themes, for as many 
index scores available, but a minimum of 3 per lagoon (Norris et al. 2007b). For the majority of lagoons 
data was available from 4 themes, another large group did have data from 3 themes. When water quality 
data was available, 5 index values were available to calculate the WCI and for only one lagoon in the 
study area, Girraween, data from all 6 themes could be used for the WCI calculation.  

The distribution of the WCI scores as the respective bands is summarised in Figure 12. When 
considering all lagoon complexes, the scores were quite well distributed between the bands A to D with 
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a little less than a quarter of lagoon complexes being classed as largely unmodified A or moderately 
modified C and a little more than a quarter placed into the categories slightly modified B and 
substantially modified D. None of the Darwin lagoons was classed as severely modified E. 
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Figure 12: Overview of Wetland Condition Index bands of individual lagoons in the study area 

Natural lagoon complexes were overall of a far better condition than the man-made and mixed ones. 
More than a third of natural lagoon complexes were classed as largely unmodified, with decreasing 
numbers for the decreasing conditions. A quarter of natural lagoon complexes were categorised as 
slightly modified, approximately a fifth classed as moderately modified and the remainder as 
substantially modified (Figure 12). 

Only two man-made and mixed lagoon complexes were classed as largely unmodified, nearly a third as 
slightly modified and about a quarter as moderately modified. The largest part of man-made and mixed 
lagoons complexes was categorised as substantially modified. 

Three of the lagoon complexes, namely Fischer Lagoon, Limul Limul 3, 4, 5 lagoon complex and Lyons 
Lagoon, achieved the unmodified score in all of the four indices that data was available for, and these 
were also the only lagoon complexes that had a similar band placing for all of the indices (Table 36). 
The highest WCI score was 0.90, obtained by those three natural complexes of Fischer Lagoon, Limul 
Limul 3, 4, 5 lagoon complex and Lyons Lagoon. The lowest WCI score of 0.21 was obtained by the 
man-made lagoon ‘5073-231’, which is the golf course lake on the RAAF Base – airport ground. It 
appears positive that none of the lagoons scored in the severely modified category. 

5.10.3 Discussion of individual indices 
The Hydrological Disturbance Index HDI produced consistently high scores on all lagoons, which can 
be seen as a reflection of the situation that water resources in the study area are not over allocated yet 
and less stretched than in most other parts of the country. The Darwin rural lagoons have generally not 
been hydrologically modified by construction, obstruction of flow, change of seasonality of flooding, 
etc, and therefore the outcome of the HDI is felt to present the current situation. 

The Hydrological Disturbance Index calculated on water extraction is assessed as meaningful with the 
limitation that only licensed water extraction data is being used.  

The Physical Disturbance Index PDI produced very few unmodified scores, which is assessed to not be 
reasonable for the number of natural lagoons that scored in the A band in the overall WCI score, ie. the 
Fischer Lagoons, Koolpinyah, Kurrabam and Limul Limul Lagoons. However, this is mainly due to the 
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influence of the area sub score and it is felt that this needs modification, but requires a broader data 
basis than available to be able to be adapted to provide a long-lasting scoring system (see also sections 
5.4.2.3 and 5.4.2.4). It would be easy to change the scoring system to produce higher PDI scores, but 
this appears a too subjective way of adapting the score. The PDI score is assessed as producing too low 
scores overall. 

The Catchment Disturbance Index CDI and the Fringing Zone Index FZI both produced scores in the 
full range from 1 to 0. The CDI was applied according to Norris et al. (2007a), using a system that has 
been developed, trialed, and proven. It appears therefore reasonable to assume that this index should 
simply produce meaningful results. It appeared, however, that some of the lagoons such as McMinns 
with a catchment characterised by rural living obtained a low score similar to lagoons with an urbanised 
catchment. This should be modified through allocating some of the LUMP categories on a finer scale 
with a modified weighting than in these trials (see section 5.3.2.4). The calculation of the CDI 
subindices and their combination into the Catchment Disturbance Index would remain the same. 

The Fringing Zone Index was developed in this project and from the four versions trialed the remnant 
vegetation in the fringing zone 100 was selected as the most suitable one. Although the calculation of 
the FZI is very simple it appears to contain the information that should be known about the Fringing 
Zone: the amount of native vegetation is recognised to have an influence on the condition of the 
wetland. A complete fringe of native vegetation is the optimal situation and therefore defined as 
reference status, whereas removal of parts or all of the native vegetation fringe impacts negatively on 
the health of the wetland. Although there are many lagoons scoring the worst condition in the FZI, this 
is assessed as reflecting the current situation. 

The indicators calculated for catchment disturbance and fringing zone condition are assessed as 
meaningful and suitable and could be used without modification. Land use and vegetation or clearing 
data are likely to be readily available for all of the Northern Territory. However, as the wetland mapping 
-including mapping of catchments- is not available for the remainder of the NT, the indices can not 
simply be calculated for any other areas until wetland and catchment mapping has progressed. 

The Water Quality Index was calculated for a small number of natural wetlands only. One disadvantage 
of this index is that there is currently not enough data for any modeling approach, so that the index can 
only be calculated based on field data collections. As discussed, it is hoped that the index can be 
simplified to need fewer resources. The results obtained are meaningful and assessed as representing the 
current situation.  

Further Water Quality data are currently being collected in connection with the field work on 
macrophytes. Although the amount of data will only be for another year on six lagoons in the study 
area, they will provide more data to calculate and possibly refine the WQI. 

The Biota Index does not attract much room for discussion due to lack of data. It would be anticipated 
that the Darwin lagoons represent a reasonable degree of diversity as they are quite unique. They are 
under threat from invasive weeds and have been invaded by the cane toad in the past three years. Feral 
pigs and other feral animals are known to have sometimes large negative impact. However, many of the 
lagoons are expected to score well in the biota theme. The overall range of scores might not include the 
severely modified category, but probably all of the others. However, it is expected that the biota scores 
might be as positive as the scores obtained in the WQI. The data being collected at present will place 
some information into these speculations. 

The Biota Index requires more work, but it mainly needs more data to actually trial and apply suggested 
indices. The data on macrophyte currently being collected for the period of a year will provide much 
needed baseline information to develop a macrophyte indicator, and possibly also an exotic plant taxa or 
weed indicator.  

The initial data collection on fish proved that field work always has some surprises to offer. It is planned 
to repeat the electro-fishing surveys in the dry season and to use all data collected to further establish 
baseline data and work towards the definition of reference condition/s. It is, however, possible that fish 
taxa numbers per lagoon are too low to establish a Fish Taxa Indicator (see section 5.8.1.1.1). 
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The use of macro-invertebrates in an AUSRIVAS / AUSWAMP style predictive modeling system is 
known to serve as excellent, reliable and robust biota indicator. However, to establish this system for 
wetlands even only on the study area of the Darwin region lagoons is currently out of sight due to the 
unavailability of resources for such a project. 

5.10.4 Assessment of integrated Wetland Condition Index 
The WCI as presented in Table 36 above has been calculated for each wetland on the amount of index 
data available, ie. mainly 4 or 3. It appears not very objective to simply calculate the WCI, just because 
data for three indices are available, as the outcome of the WCI strongly depends on which index values 
are available. For example, if the HDI, knowing to produce high scores, is available, the WCI score will 
without doubt be higher than if the HDI would not be part of the WCI score. It has been discussed 
before that the aggregation of only three index values to the overall score, here the WCI, is not ideal, but 
it had been concluded to be better than not having any data at all (Norris et al. 2007b). It might have to 
be accepted that even on the regional scale such as the Darwin rural area, the WCI score for individual 
wetlands is dependent on which indices can be used to form the WCI, if no complete data set is 
available for the 6 indices – which for the NT is highly unlikely in the foreseeable future when 
considering the field data collection dependent indices WQI and BI. 

This might get back to a discussion about the weighting of the indices. In this project trialed and proven 
methods of integration and aggregation recommended by Norris et al. (2007b) using the standardised 
Euclidean Distance were applied. It appears that the methodology of integration and aggregation is 
robust, but the data availability places limitations on the level of the WCI score, which makes it a less 
reliable index than wished for. 

It needs to also be emphasized that biota information is generally looked at as providing not only a 
snapshot of wetland health, but due to the length of many organisms’ life spans, provides an integrated 
view of the condition of the wetland on the sampling date but also over a time prior to sampling. The 
current lack of biota information on the Darwin rural lagoons is stating the obvious: it is time and 
resource consuming to collect biota information even in this area of the NT where so much else is well 
known. Although the biota information is considered very viable for wetland health assessment, it is 
hard to imagine how to gain enough data for future wetland condition monitoring elsewhere in the NT.  

5.11 WCI Overall condition aggregated to represent all lagoons in 
the study area  
The Wetland Condition Index of individual lagoons as presented in Table 36 was aggregated spatially to 
provide a condition value for all of the lagoons in the study area. The aggregation was based on the 
aggregated index values as shown in the lower part of Table 36 for the CDI, PDI, HDI, and FZI for all 
wetlands and additionally the aggregated WQI for the natural wetlands. The aggregation to the overall 
WCI for the study area was carried out using the standardised Euclidean Distance method as outlined in 
section 5.10.1. This follows again the methodology by Norris et al. (2007b). 

The overall condition of all lagoon complexes in the study area scored 0.71, which is classed as slightly 
modified (Table 36, bottom). The overall condition of all natural lagoon complexes scored a little higher 
with 0.76, which is also in the slightly modified category. The overall condition of man-made and 
mixed lagoon complexes scored considerably lower with 0.56, which places them into the moderately 
modified band C. 

These overall WCI scores are assessed as reflecting the current situation. The natural Darwin rural 
lagoons are quite pristine, but they are also impacted by urban and rural living associated with native 
vegetation removal, some industry and other infrastructure, impact of invasive and feral species. Those 
impacts are, however, relatively small when compared to what could be possible, eg. the draining of a 
wetland, the construction of any type of infrastructure in a wetland, as seen in many areas with higher 
population density within and outside Australia. The assessment as ‘slightly modified’ is therefore 
considered meaningful.  
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The man-made lagoons are impacted more strongly, as they are created as part of human activity, in a 
cleared area, with an impacted fringing zone and a modified catchment. It is therefore to be expected 
that these would score lower than the group of natural lagoon complexes. 

The results of these indicator trials do not automatically mean that these indices will be used unchanged 
in future lagoon or general wetland condition monitoring in the Northern Territory. Methods are likely 
to be modified as more data become available as well as when applied in areas other than the trial 
region. Some indicators might be replaced by others within the ‘theme’ as other data become available 
or affordable.  

When looking at the bigger scale of comparing wetland scores across the country, it appears that a large 
amount of work still lies ahead. A validation as well as sensitivity analysis of the indicator system are 
required to enable comparison of scores between regions, and finally jurisdictions. As is well known, 
the Northern Territory has very limited resources to develop indicator systems and is therefore often 
taking advantage of studies carried out in other jurisdictions. However, even when methods do not need 
to be developed, data are often scarce and limited to project study areas – such as in the study presented 
here – or data are available for a limited time period, excluding modeling approaches to overcome some 
data shortage. 

5.12 Conclusions 
1. The Indicator System presented produces meaningful results to assess the condition of Darwin 

rural lagoons. 

2. The system is applicable to natural and man-made wetland systems. 

3. Several indices require modification based on a larger amount of data. 

4. Especially the Physical Disturbance Index as trialed in this project needs modification on the 
basis of a larger amount of data available, particularly with respect to the area sub-score. 
However, the PDI could also be calculated using a different indicator, if or when data become 
available. 

5. It is anticipated that in other areas of the NT the trialed system would work, but might need 
modification. 

6. Validation of indices remains to be done. 

7. Sensitivity analysis remains to be done. 


