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6. INDICATOR THEME 1-6 PROTOCOLS AND PROTOCOL ON
AGGREGATION AND INTEGRATION OF INDICES

The indices are all calculated to generate values between 1 and 0. The scores are allocated into bands,
which are described and summarized in Table 1. The bands follow a colouring scheme, which is also
displayed in Table 1.

6.1 Catchment disturbance

6.1.1 Datarequirements

To calculate the Catchment Disturbance Index CDI, a spatial map of the wetlands of interest and their
catchments needs to be available. This is at present a major restriction to calculate catchment
disturbance anywhere in the Northern Territory, although the other data are available. Summary of data
layers required:

- Wetland boundary layer
- Wetland catchment layer
- Land use (eg. LUMP) layer

- Vegetation clearing layer.

6.1.2 Land use sub score

Land use information in the catchment is calculated using the intersect function in GIS software after
categorising the land uses according to Table 3.

The land use indicator LU is calculated using the equation:

LU =1 — (fraction category 1 land use * category 1 weight) + (fraction category 2 land use * category 2
weight) + ... + (fraction category 6 land use * category 6 weight).

With LU = Land use and the weights for each category being taken also from Table 3.

6.1.3 Land use change sub score using vegetation clearing

Vegetation clearing in the catchment is calculated using the intersect function in GIS software. The land
cover change score is then calculated according to this equation:

Land cover change measure LCC = 1 - (Area cleared*weight / Catchment area)

using the value of 0.68 for the weight.

6.1.4 Infrastructure sub score using the road network

The road area in the catchment was calculated using the category 5.7.2 ‘Roads’ of the Land use data and
intersecting with the catchment layer in GIS software.

The infrastructure indicator I is calculated using the following equation:
I =1 — (Fraction of catchment covered by roads * weight for roads)

The weight of 0.7 is to be used.
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6.1.5 Integration of sub scores to Catchment Disturbance Index CDI
For integration the sub scores are added and 2 is subtracted according to this equation:
CDI=1+LC+LU-2

CDI = Catchment Disturbance Index, I = Infrastructure sub score, LC = Land Cover Change sub score,
LU = Land Use sub score.

A negative score value is set to 0.
6.2 Physical form and processes

6.2.1 Datarequirements

For the calculation of the Physical Disturbance Index PDI the following data layers are required:
- Wetland boundary layer
- Land use (eg. LUMP) layer.

6.2.2 Proximity sub score

The distance to the nearest wetland is calculated in GIS software and then scored according to Table 8.
The ‘proximity to adjacent ecosystems’ is calculated using the perimeter of the wetland boundary and
calculating how much of it is adjacent to natural ecosystems using land use categories 1, 6.3 (River),
6.5.0. and 6.5.1 (Marsh/wetland conservation). The percentage of perimeter neighbouring natural
ecosystems is scored according to Table 8.

The proximity sub score is obtained by adding the ‘distance to nearest wetland’ score to the ‘proximity
to adjacent natural ecosystems’ score.

6.2.3 Road sub score

The road area within the wetland complex boundary is calculated by using the category 5.7.2 ‘Roads’ of
the Land Use data set and intersecting in GIS software. The percentage of the area of the wetland
covered by roads is converted to the road sub score using Table 9.

6.2.4 Area sub score

The area of the wetland, calculated in GIS software, is converted into a score using Table 10.

6.2.5 Integration of the sub scores to Physical Disturbance Index PDI

The proximity, road and area sub scores are added and divided by 20.

6.3 Hydrological Disturbance Index HDI

6.3.1 Water Extraction Indicator to be used for Hydrological Disturbance Index
HDI

6.3.1.1 Data requirements
The following data are required to calculate the Water Extraction Indicator:

- Percentage of water extraction in relation to amount of water present at the time. This
information should be obtained from the water extraction licensing institution.
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6.3.1.2 Calculation of Hydrological Disturbance Index using Water Extraction Indicator
The percentage of water extraction per amount of water available is calculated as the median of the data
over a year.

The Hydrological Disturbance Index is calculated as Water Extraction Indicator WEI:
WEI =1 — (% water extraction / 20).

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

6.4 Fringing Zone Index FZI

Due to discussions on the fringing zone definition, two areas were used as a basis for this index in the
main part of the report (see section 5.6). In this protocol section, only the fringing zone according to the
national definition is covered, called FZ100 in section 5.6.

6.4.1 Datarequirements

For the calculation of the Fringing Zone Index FZI using GIS software the following data layers are
required:

- Wetland boundary layer

- Wetland catchment layer

- Data layer to determine remnant native vegetation, e.g. NVIS
Or:

- Land clearing data layer.

6.4.2 Calculation of the Fringing Zone Index FZI

A 100 m buffer zone is created outside the wetland boundary. This buffer zone might need to be clipped
to remain inside the respective wetland catchment. This clipped 100 m buffer is called the fringing zone.

The Fringing Zone Index FZI can be calculated using remnant vegetation or land clearing data. Both
ways to obtain the index are valid and only one of them needs to be calculated.

6.4.2.1 Remnant vegetation in Fringing Zone
The percentage area of remnant vegetation in the fringing zone is calculated using the intersect function
in GIS software. The percentage value divided by 100 provides the Fringing Zone Index FZI score.

6.4.2.2 Land clearing in Fringing Zone

The percentage area of land clearing in the fringing zone is calculated using the intersect function in
GIS software. The percentage value is subtracted from 100 and this figure divided by 100 to obtain the
Fringing Zone Index FZI score.
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6.5 Water Quality Index WQI

6.5.1 Datarequirements

The Water quality Index WQI is based on the field measurement of water quality parameters. In its
current state, it is therefore only applicable to wetlands when holding water, such as the lagoons in the
Darwin region. For ephemeral wetlands, the water quality measurements for the WQI have to be taken
when the wetland is well filled, data collected during the one or two months prior to drying up are not to
be used to calculate the WQI. The best period for field measurements in the Top End is the late wet to
early dry season. For permanent wetlands in the Top End field measurements can be taken throughout
the year.

Water quality parameters used for the WQI:
- pH
- Electrical Conductivity (uS/cm)
- Turbidity (NTU)
- Total Phosphorus TP (mg/L)
- Chlorophyll a (png/L)
- Total Nitrogen TN (mg/L)

The reduction of the number of water quality parameters to three or four instead of the listed six is
possible as long as turbidity and total nitrogen are part of them. The recommended reduced suite of
water quality parameters needs a larger data base for finalisation.

The data used for this indicator trial project by Schult & Welch (2006) revealed considerable variability
of water quality data and respective scores over the nine months sampling period. It is therefore optimal
to have field data from at least three visits in order to obtain a reasonable reliable data set to calculate
the WQI.

6.5.2 Calculation of the Water quality Index WQI

For each of the six water quality parameters the median of the data collected per wetland is calculated
and allocated a score according to Table 18. The Water Quality Index WQI is obtained by multiplying
the scores for each of the (currently) six parameters.

6.6 Biota Index

6.6.1 Fish taxa number indicator

6.6.1.1 Data requirements

Fish survey data have to be available for each lagoon the indicator is being calculated for. The
experience form the wet season electro-fishing survey has revealed that data need to be collected at least
on two days, preferably using two different collection methods, one of which is recommended to be
electro-fishing if the indicator is calculated based on wet season surveys.

Field trials need to establish, whether the sampling has to be carried out at a specific time of the year, ie.
the dry season, and also whether a single sampling is enough to recover a suitable number of fish.

The fish survey data have to produce as fish taxon list, which is then used to calculate the indicator.

Due to a lack of data, it is open whether there has to be several reference conditions for different types
of lagoons or there can be one reference condition for the lagoons in the trial area.

It is considered not meaningful to establish an indicator on a taxa number lower than 10.
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6.6.1.2 Fish indicator score

To this end the Fish Indicator score was only calculated for one lagoon in the trial area, namely
Girraween Lagoon, as this was the only lagoon with suitable baseline data to establish a reference
condition. For Girraween Lagoon the Fish Indicator score is obtained using Table 24 in this report.

For other lagoons the Fish Indicator score will be obtained in a similar way as for Girraween Lagoon, as
soon as there is enough data to establish a reference condition.

6.6.2 Macrophytes taxa number indicator

The macrophyte taxa number indicator has not been developed due to a lack of data to trial it.

6.6.3 Integration of fish indicator and macrophyte indicator to Biota Index

Integration of fish and macrophyte indicator is expected to be a simple unweighted average of both
scores.

6.7 Aggregation of indices for individual lagoons to indices for the
wetlands in the study area

6.7.1 Catchment Disturbance Index CDI aggregation

The aggregation of the Catchment Disturbance Indices of individual lagoon catchments is calculated on
an area weighted average based on the catchment area (Norris et al. 2007b). The area of all lagoon
catchments is added up and set to 100%. The percentage of each individual lagoon catchment area is
multiplied with the individual CDI score. This value is 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.

6.7.2 Physical Disturbance Index PDI aggregation

Aggregation of the Physical Disturbance Indices of individual lagoon complexes is calculated on an
area weighted average based on the wetland complex area (Norris et al. 2007b). The area of all lagoon
complexes is added up and set to 100%. The percentage of each individual lagoon complex area is
multiplied with the individual PDI score. This value is 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.

6.7.3 Hydrological Disturbance Index HDI aggregation

Aggregation of the Hydrological Disturbance Indices of individual lagoon complexes is calculated on an
area weighted average based on the wetland complex area (Norris et al. 2007b). The area of all lagoon
complexes is added up and set to 100%. The percentage of each individual lagoon complex area is
multiplied with the individual HDI score. This value is 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.

6.7.4 Fringing Zone Index FZI aggregation

Aggregation of the Fringing Zone Indices of individual lagoon complexes is calculated on an area
weighted average based on the wetland complex area (Norris et al. 2007b). The area of all lagoon
complexes is added up and set to 100%. The percentage of each individual lagoon complex area is
multiplied with the individual FZI score. This value is calculated for each lagoon complex, summed and
divided by 100 for range standardisation to a value between 1 and 0.
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6.7.5 Water Quality Index WQI aggregation

Aggregation of the Water Quality Indices of individual lagoons is calculated on an area weighted
average based on the lagoon water body area (Norris et al. 2007b). The area of all lagoon water bodies
is added up and set to 100%. The percentage of each individual lagoon water body area is multiplied
with the individual WQI score. This value is calculated for each lagoon water body, summed and
divided by 100 to bring the score back from a percentage value to a value between 1 and 0.

6.7.6 Biota Index Bl aggregation

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 (Norris et al. 2007b). The area of all lagoon
water bodies is added up and set to 100%. The percentage of each individual lagoon water body area is
multiplied with the individual BI score. This value is calculated for each lagoon water body, summed
and divided by 100 to bring the score back from a percentage value to a value between 1 and 0.

6.8 Calculation of Wetland Condition Index

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:

WCI = 1 - V(1-CDI)> + (1-PDI)’ + (1-HDI)’ + (1-FZI)’ + (I-WQI\’ + (I-BI)> / \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.

This method is also used to calculate the spatially aggregated WCI for the study area by using the
spatially aggregated index values for all of the 6 indices if available.

A Wetland Condition Index can be calculated using a minimum of 3 indices from 3 themes.

77



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

/. REFERENCES

ACLUMP (2006): Guidelines for land use mapping in Australia: principles, procedures and definitions.
A technical handbook supporting the Australian Collaborative Land Use Mapping Programme,
Edition 3. Printed by the Bureau Rural Sciences, Canberra, 83p.

ANZECC & ARMCANZ (2000): Australian and New Zealand guidelines for fresh and marine water
quality. National Water Quality Management Strategy Paper No 4, Australian and New Zealand
Environment and Conservation Council & Agriculture and Resource Management Council of
Australia and New Zealand, Canberra. October 2000.

Bishop KA, Allen SA, Pollard DA, Cook MG (2001): Ecological studies on the freshwater fishes of the
Alligator Rivers Region, Northern Territory: Autecology. Supervising Scientist Report 145,
Supervising Scientist, Darwin, 582p, ISBN 0 642 24348 4.

Bishop KA, Allen SA, Pollard DA, Cook MG (1990): Ecological studies on the freshwater fishes of the
Alligator Rivers Region, Northern Territory. Volume II Synecology. Research Report 4 (ii),
Supervising Scientist for the Alligator Rivers Region AGPS, Canberra; 155p. ISBN 0 644 12769 4.

Clayton, PD, Fielder, DP, Howell, S and Hill, CJ (2006). Aquatic Biodiversity Assessment and
Mapping Method (AquaBAMM): a conservation values assessment tool for wetlands with trial
application in the Burnett River catchment. Published by the Environmental Protection Agency,
Brisbane.

Conrick D, Edgar B, Innes A (2007): Development of National Indicators for Wetland Ecosystem
Extent, Distribution and Condition. Final Report. Matter For Target. Inland Aquatic Ecosystem
Integrity — Wetlands, 125p.

Cowie I (2003): Freshwater aquatic plants of Darwin Harbour catchments. In: ‘Proceedings: Darwin
Harbour Region: Current knowledge and future needs.” Ed: Working Group for the Darwin Harbour
Advisory Committee; p160-177, Department of Planning, Infrastructure & Environment, Darwin.

Cowie ID, Short PS & Osterkamp Madsen M (2000): Floodplain Flora. A flora of the coastal
floodplains of the Northern Territory, Australia, Parks & Wildlife Commission of the Northern
Territory, Canberra, 382p.

Davis J, Horwitz P, Norris R, Chessman B, McGuire M, and Sommer B (2006): Are River Bioassessment
Methods using Macroinvertebrates Applicable to Wetlands? Hydrobiologia 572(1): 115-128.

Department of Natural Resources, Environment & the Arts (2005): Draft Parks and Conservation
Masterplan, 195p. http://www.nt.gov.au/nreta/parks/masterplan/publications/index.html

Dostine P (2003): The fauna of freshwaters on the Darwin Harbour catchment. In: ‘Proceedings: Darwin
Harbour Region: Current knowledge and future needs.” Ed: Working Group for the Darwin Harbour
Advisory Committee; p178-185, Department of Planning, Infrastructure & Environment, Darwin.

Duguid A, Barnetson J, Clifford B, Pavey C, Albrecht D, Risler J, McNellie M (2005): Wetlands in the
arid Northern Territory. A report to the Australian Government Department of Environment and
Heritage on the inventory and significance of wetlands in the arid NT. Northern Territory
Department of Natural Resources, Environment & the Arts, Alice Springs, 359p.

Environment Australia (2001): Directory of Important Wetlands, Third Edition, Environment Australia,
Canberra, 157p.

http://www.environment.gov.au/water/publications/environmental/wetlands/directory.html

Finlayson CM (1999): Wetland classification and inventory in northern Australia, p63-80. In: Finlayson
CM & Spiers AG (Eds) (1999): A compendium of information for managing and monitoring
wetlands in tropical Australia. Supervising Scientist Report 148, Supervising Scientist, Canberra,
336p.

78



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

Finlayson CM, Bellio MG, Lowrie JB (2005): A conceptual basis for the wise use of wetlands in
northern Australia — linking information needs, integrated analyses, drivers of change and human
well-being. Marine & Freshwater Research 56, 269-277.

Finlayson CM & Davidson NC (2001): Wetland inventory, assessment & monitoring: Practical
techniques and identification of major issues. Introduction and review of past recommendations; p1-
10. In: Finlayson CM, Davidson NC & Stevenson NJ (Eds) 2001: Wetland inventory, assessment
and monitoring: Practical techniques and identification of major issues. Proceedings of Workshop 4,
2" International Conference on Wetlands and Development, Dakar, Senegal, 8-14 November 1998.
Supervising Scientist Report 161, Supervising Scientist, Darwin, 136p.

Finlayson CM & Spiers AG (Eds) (1999): A compendium of information for managing and monitoring
wetlands in tropical Australia. Supervising Scientist Report 148, Supervising Scientist, Canberra,
336p.

Freeman J (draft): A GIS based risk assessment of Darwin Harbour Region Lagoons. Technical Report
for the Darwin Harbour Advisory Committee, Draft only.

Girraween Landcare Group (2007): Girraween Lagoon: Values, condition, threats and strategies for its
sustainable use. 15p.

Golus C, Burns C, Westlake, M & Gosling A (2007). Wetland Assessment Technique. Version 3.4.
WetlandCare Australia. Ballina, Australia.

Haig T & Townsend S (2003): An understanding of the groundwater and surface water hydrology of the
Darwin Harbour Plan of Management area. In: Proceedings: Darwin Harbour Region: Current
knowledge and future needs. Ed: Working Group for the Darwin Harbour Advisory Committee,
p122-149. Department of Infrastructure, Planning & Environment, Darwin.

Kennard M, Pusey B, Perna C, Burrows D, Douglas M (2007): Fish Sampling Protocol Manual — North
Australian Fish Fauna Project NAFF. Draft 3, May 2007; 19p.

Larson HK & Martin KC (1989): Freshwater fishes of the Northern Territory. Northern Territory
Museum of Arts and Sciences Handbook Series No 1, Darwin, 102p; ISBN 0 7245 2513 0.

Lloyd D (1999): Seasonal Changes in two tropical Freshwater Lagoons of Northern Australia. Report
No 99/6, Department of Infrastructure, Planning & Environment, Palmerston 73p.

Lowry J & Finlayson CM (2004): A review of spatial datasets for wetland inventory in northern
Australia. Supervising Scientist Report 178, Supervising Scientist, Darwin NT, 18p.

Norris RH, Dyer F, Hairsine P, Kennard M, Linke S, Merrin L, Read A, Robinson W, Ryan C,
Wilkinson S, Williams D (2007a): Assessment of River and Wetland Health: Potential Comparative
Indices. Australian Water Resources 2005 — A baseline assessment of water resources for the
National Water Initiative, Level 2 Assessment, River and Wetland Health Theme, published by the
National ~ Water ~ Commission  Canberra, 135p.  ISBN: 13: 978-1-921107-43-6.
http://www.water.gov.au/publications/index.aspx?Menu=Levell 9

Norris RH, Dyer F, Hairsine P, Kennard M, Linke S, Merrin L, Read A, Robinson W, Ryan C,
Wilkinson S, Williams D (2007b): Assessment of River and Wetland Health: A Framework for
Comparative Assessment of the Ecological Condition of Australian Rivers and Wetlands. Australian
Water Resources 2005 — A baseline assessment of water resources for the National Water Initiative,
Level 2 Assessment, River and Wetland Health Theme, published by the National Water
Commission Canberra, 36p. ISBN: 13: 978-1-921107-40-5.
http://www.water.gov.au/publications/index.aspx?Menu=Levell 9

Norris RH, Dyer F, Hairsine P, Kennard M, Linke S, Merrin L, Read A, Robinson W, Ryan C,
Wilkinson S, Williams D (2007c): Assessment of River and Wetland Health: An Australian
Snapshot. Australian Water Resources 2005 — A baseline assessment of water resources for the
National Water Initiative, Level 2 Assessment, River and Wetland Health Theme, published by the

79



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

National ~ Water =~ Commission  Canberra,  59p.  ISBN: 13: 978-1-921107-42-9.
http://www.water.gov.au/publications/index.aspx?Menu=Levell 9

Pidgeon R (2003): A review of options for monitoring freshwater fish biodiversity in the Darwin
Harbour catchment. Report for the Water Monitoring Branch, DIPE, Palmerston, 25p.

Schult J (2004): An Inventory of the Freshwater Lagoons in the Darwin Region. Report No 36/2004D,
Water Monitoring Branch, Department of Infrastructure, Planning & Environment, Palmerston, 13p
+ Appendix. http://www.nt.gov.au/nreta/water/aquatic/publications/2005.html

Schult J & Welch M (2006): The water quality of fifteen lagoons in the Darwin Region. Report No
13/2006D, Aquatic Health Unit, Department of Natural Resources, Environment & the Arts, 29p +
Appendix. http://www.nt.gov.au/nreta/publications/aquatic/2006.html

Staben G & Forsyth D (2002): Girraween Lagoon. Resource Assessment, Management Issues and
Development Possibilities. 85p.

80



