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1 SUMMARY  

 
The Darwin Harbour region includes Port Darwin and Shoal Bay and extends from 
Charles Point to Gunn Point including the estuarine areas, tributaries and catchment 
areas (DHAC 2009). Darwin Harbour has many estuarine waterways, some of which are 
adjacent to urban development. Pollution from urban areas, including wastewater 
discharges from sewage treatment plants and other licensed discharges, stormwater 
runoff, and leachate from urban land uses have the potential to affect water quality of the 
harbour. Bleesers Creek, Buffalo Creek, and Myrmidon Creek estuaries are subject to 
treated sewage wastewater discharges from local sewage wastewater treatment plants. 
It is therefore important to develop an understanding of and quantify water quality, its 
variability and related processes in these urban-affected estuaries.  
 
In this report, the water quality indicator chlorophyll a was mapped for several estuaries 
in the Darwin Harbour region during the dry season in 2009. The estuaries were 
Reichardt Creek, Sadgroves Creek, Bleesers Creek, Buffalo Creek, Myrmidon Creek and 
Elizabeth River. The study was a pilot study to evaluate chlorophyll a distribution and 
investigate the technique for future development and application to other areas.  
 
This report presents chlorophyll a data in a form that improves our understanding of the 
spatial distribution and therefore conceptual processes. Conceptual process diagrams 
are developed for Buffalo Creek, Myrmidon Creek and Elizabeth River estuaries. 
Similarly, there is a focus on presenting estuary areas that comply or do not comply with 

the Darwin Harbour chlorophyll a water quality objective (<4 µg/L) for upper estuaries. 
This technique has advantages over evaluating compliance at only a single monitoring 
point. 
 
Distribution of chlorophyll a in the Elizabeth River estuary, for example, shows low 

chlorophyll a concentrations (<4 µg/L) in the upper estuary, with values increasing to 

10-12 µg/L towards the estuary entrance. Myrmidon Creek estuary also had ‘hot spots’ of 
chlorophyll a near a sewage treatment plant wastewater discharge point.  With some 
exceptions, many areas of most estuaries had chlorophyll a concentrations that complied 
with the water quality objective.  
 
The treatment plants that discharge to Myrmidon Creek, Buffalo Creek and Bleesers 
Creek are subject to a Waste Discharge Licence. The licensed mixing zones are yet to 
be fully determined. It is possible that some of the monitoring sites in this report are 
located within the discharge mixing zone, and that the water quality objectives may not 
apply.  The Palmerston, Leanyer-Sanderson and Berrimah wastewater treatment plants 
uses a treatment system in waste stabilisation lagoons utilising a combination of sunlight, 
micro-organisms and algae to break down the raw wastewater.  
 
The spatial distribution of chlorophyll a in Buffalo Creek estuary shows very high values 

(>200 µg/L) in the upper estuary, with values <10 µg/L near a popular boat ramp. The 
chlorophyll a results indicate water quality in most parts of Buffalo Creek estuary is in 
very poor condition, most likely due to treated sewage wastewater discharges. 
 
A separate study investigated physical, nutrient and other water quality indicators in 
Myrmidon Creek estuary. This study improves our understanding of water quality and 
processes in the estuary. In general, chlorophyll a, nitrate, total nitrogen, total 
phosphorus and filterable reactive phosphorus were greatest at a sampling position near 
the outfall. With the exception of filterable reactive phosphorus, median values from the 
Myrmidon Creek estuary sampling complied with upper estuary water quality objectives.  
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Overall, the study highlights some localised areas with high chlorophyll a particularly in 
waters affected by urban areas and treated sewage treatment plant wastewater 
discharge. Recommendations for further research include mapping the spatial 
distribution of physical water quality indicators, increased transect numbers for improved 
spatial interpolation and monitoring during wet season freshwater inflows when 
chlorophyll a concentrations are likely to be greater than during the dry season.  
 
The Power and Water Corporation is currently planning and implementing a program of 
engineering works to improve the quality of the water discharged from the Leanyer-
Sanderson sewage treatment plant that discharges to Buffalo Creek. 
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2 BACKGROUND 
 

2.1 Darwin Harbour and region 

 
The Darwin Harbour and surrounding catchments are located in the wet-dry tropics of 
northern Australia. Darwin Harbour’s catchment covers an area of approximately 
3,230 km2 comprising a land area of 2,010 km2 and an estuary area of 1,220 km2 at the 
high water mark. The climate is tropical with distinct wet and dry seasons. The 
monsoonal wet brings rainfall averaging 1,700 mm per year, with the majority falling 
between December and March inclusive. Savannah woodlands and forest dominate the 
catchment, with approximately 80% of the catchment uncleared. Darwin Harbour is a 
large macro-tidal estuary that experiences tidal variations up to 8 m. The mean spring 
tidal ranges are approximately 6 m, while mean neap tidal ranges are around 3 m.  
 
Darwin city supports the largest concentration of the Northern Territory population. The 
City of Palmerston, south of Darwin, is also subject to increasing urban development. 
The population of the Darwin region is approximately 117 000 (ABS 2008), with a large 
number (>700,000/year) of overnight visitors to the region (Tourism NT 2008). By 2026, 
around 165,000 people are predicted to live in the Darwin region (ABS 2008). Continued 
growth of urban and rural activities around Darwin Harbour will place increasing pressure 
on the ecological integrity of the Harbour.  
 
Tidal creeks adjoining the main arms of Darwin Harbour are subject to increasing 
pressure from the catchment receiving diffuse and point source loads from a range of 
land-uses. Locations of some estuaries affected by development in the Darwin Harbour 
region are shown in Figure 1. A small number of tidal creeks in Darwin Harbour also 
receive point source treated wastewater discharge from sewage treatment plants 
including Myrmidon Creek, Buffalo Creek and Bleesers Creek. There are also other 
licensed and unlicensed point sources discharges into the Harbour.  
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Figure 1 Location of estuaries affected by urban development in the Darwin Harbour 
region. Sewage treatment plant (STP) outfalls are shown. 
 
 
 
 
2.2 Water quality objectives to protect water quality 

 
A Water Quality Protection Plan is being developed for Darwin Harbour for protection of 
water quality in the region. Locally-derived guidelines called water quality objectives 
(WQOs) have been established in phase one of the ongoing Water Quality Protection 
Plan.  
 
Water quality objectives have been established under a process developed by the 
National Water Quality Management Strategy. Further details are available in ANZECC 
guidelines and related publications. Further details of Darwin Harbour WQOs are 
available in Fortune (2010). WQOs for upper estuary waters of Darwin Harbour are 
summarised in Table 1.  
 
The definitions of the classification of water types including upper, mid and outer 
estuaries are presented in Fortune (2010). It is acknowledged that while the 
hydrodynamic modelling only extended to Lee Point (Fortune 2010), and therefore did 
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not include Shoal Bay, in the absence of other data, this report assumes that Buffalo 
Creek is an ‘upper estuary’ classification. Darwin Harbour WQOs have been developed 
for ‘slightly disturbed waters’ (Fortune 2010). It is likely that Buffalo Creek estuary could 
be described as a ‘highly disturbed system’. There are insufficient data to develop WQOs 
for highly disturbed systems in the region. Therefore, in the absence of local WQOs for 
highly disturbed systems and no defined mixing zone, the current WQOs for upper 
estuaries in the Darwin Harbour region are used as a guideline value for comparison in 
this report for Buffalo Creek.  
 
The Buffalo Creek monitoring sites in the estuary are influenced by the treated 
wastewater discharged from the Leanyer-Sanderson sewage treatment plant outfall.  
Similarly, the Bleesers Creek and Myrmidon Creek estuary monitoring sites may be 
influenced by treated wastewater discharges from treatment plant outfalls. The treatment 
plants are subject to Waste Discharge Licences. The licensed mixing zone for each STP 
is yet to be fully determined. It is possible that monitoring sites are located within the 
discharge mixing zone, and that the water quality objectives may not apply. A mixing 
zone is an agreed area of receiving waters where WQOs may not be met. 
 
 
 
Table 1 Water quality objectives for upper estuaries in Darwin Harbour. 
 

Indicator and units Water quality objective for upper 
estuary in Darwin Harbour 

Water quality objective for upper 
estuary in Darwin Harbour (as units 
commonly presented in this report) 

pH  6-8.5 6-8.5 

Dissolved oxygen (% sat) 80-100 80-100 

Chlorophyll a (µg/L) <4 <4 

Nitrogen oxides (NOx) <20 (µg N/L) <0.02 (mg N/L) 

Ammonia  <20 (µg N/L) <0.02 (mg N/L) 

Total nitrogen  <300 (µg N/L) <0.3 (mg N/L) 

Total phosphorus  <30 (µg P/L) <0.03 (mg P/L) 

Filterable reactive phosphorus <10 (µg P/L) <0.01 (mg P/L) 

Note: 1 mg/L contains 1000 µg/L. 

 
 
 
2.3 Stressors to water quality in the urban estuaries 

 
Growing urbanisation, industry and clearing in the catchment contribute to increasing 
diffuse and point source loads to the harbour (Skinner et al. 2008). Impacts appear to be 
confined to localised areas of the harbour and upstream areas of the estuary where tidal 
mixing is limited. Increased loads of pollutants entering waterways are of importance, 
particularly at a localised scale, where there is limited tidal flushing in the upper 
estuaries. Key stressors for estuarine water quality associated with urban and rural 
growth include habitat loss, land clearing, diffuse and point source agricultural runoff and 
leachate, diffuse and point source urban stormwater, point source industrial wastewater 
discharges and other urban land use and industrial stormwater runoff and leachate.   
Water quality drivers, stressors and responses for the upper estuaries are summarised in 
Table 2. 
 
Pressure on the upper estuary waterways will intensify with the predicted increases in 
population and development. Development around the Buffalo Creek estuary is 
increasing with the new nearby suburb of Lyons well advanced. Development of the 
suburb of Muirhead will provide over 1000 new homes. The Leanyer-Sanderson 
sewerage catchment is approaching maximum development, with about 70% of total 
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design treatment capacity reached at present, and this will be about 80% of total design 
treatment capacity following the completion of the suburbs Muirhead and Lyons (K. 
Carter pers. comm.). These increases may result in longer term increases in water 
quality stressors on the Buffalo Creek estuary, from both urban stormwater runoff and 
increased volumes of treated wastewater effluent discharge, under the current outfall 
configuration.   
 
In Palmerston four new suburbs are planned or are currently under development that will 
increase Palmerston's population by around 15,000 people (DPI 2009). Treated 
wastewater from new suburbs will be discharged to the Myrmidon Creek estuary. The 
Palmerston STP treats all sewage from the city of Palmerston, including some trade 
waste, mostly grease trap and septic tank waste from the rural and un-sewered areas 
(PWC 2006). Five ponds operating in series treat this waste before discharge to the 
Myrmidon Creek estuary.  
 
The small Berrimah STP treats sewage from the suburb of Berrimah and industrial 
wastewater from the Darwin Business Park (PWC 2006). Discharge is to Bleesers Creek 
estuary. 
 
 
Table 2 Selected water quality drivers, stressors and responses identified for the region. 
 
 
Driver Water Quality Stressor Response 
   
Treated sewage and 
point discharge 

Increased nutrient, toxicant 
and pollutant loads 

Increased algal growth, 
accumulation of pollutants in 
sediments. 

Development and 
erosion 

Increased suspended 
sediment and turbidity and 
reduced light penetration 

Reduced photosynthesis, loss of 
macro-invertebrate diversity.  

Groundwater extraction Reduced flows  Reduced algal biomass and 
flow. Loss of diversity. 

Diffuse (stormwater) 
discharge 

Increased suspended 
sediment, nutrients and 
other pollutants  

Increased algal growth. Loss of 
diversity. 

Fire in the catchment 
and riparian zones 

Reduced canopy and 
increased light penetration 

Increased growth of aquatic 
macrophytes. Changes to 
macro-invertebrate community. 

 
 
 
2.4 Estuaries in the region and water quality 

 
In general there is little information published on water quality in the upper estuaries 
surrounding the Darwin-Palmerston urban region. Water quality of some tidal creeks and 
upper estuaries can be affected by tidal movement and effects of urbanisation. Tidal 
creeks can have lower oxygen levels due to the decomposition of organic material 
present from nearby mangroves which consumes oxygen (Water Monitoring Branch 
2005).  
 
The Darwin-Palmerston estuaries water quality at monitoring sites is mostly in very good 
condition, and, with the exception of high total nitrogen, complies with water quality 
objectives (Fortune et al. 2009). However, these are median values across a number of 
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estuaries and limited monitoring sites, so further evaluation for individual creeks and 
localised areas is needed. More recently, the Darwin-Palmerston estuaries water quality 
at monitoring sites was considered to be in excellent condition and complied with water 
quality objectives (Drewry et al. 2010a). For the Myrmidon Creek monitoring site, only 
three water quality indicators complied with water quality objectives (Drewry et al. 
2010a). 
 
 

2.4.1 Myrmidon Creek estuary and water quality 

 
Several recent short-term studies have investigated some aspects of water quality in 
Myrmidon Creek estuary. The effect of treated sewage discharge in the well-flushed 
Myrmidon Creek, for example, is only temporary and localised (Smith and Haese 2009). 
Denitrification is the conversion of bioavailable inorganic nitrogen into dinitrogen gas 
(Smith and Haese 2009). Denitrification is an indicator of the efficiency of nitrogen 
removal from the system and provides a useful indicator of ecosystem health (Smith and 
Haese 2009). Dentrification rates are high in Myrmidon Creek. The low benthic flux, low 
nutrient pools and high dentrification rates suggest that the ecological health is intact 
(Smith and Haese 2009; Burford et al. 2009). 
 

The Palmerston wastewater treatment plant uses a treatment system in waste 
stabilisation lagoons utilising a combination of sunlight, micro-organisms and 
algae to break down the raw wastewater. A similar system is used in the 
Berrimah treatment plant. 

 
 

2.4.2 Buffalo Creek estuary and water quality 

 
Buffalo Creek is a small tidal creek flowing into Shoal Bay west of Darwin Harbour.  
Shoal Bay, unlike Darwin Harbour, is a shallow embayment with a number of smaller 
mangrove lined tidal creeks. The area experiences heavy recreational use and a boat 
ramp near the mouth of Buffalo Creek is a popular entry point. The upper reaches of 
Buffalo Creek receive discharge from the Leanyer-Sanderson sewage treatment plant 
which services the northern suburbs of Darwin. The creek also receives other urban land 
use stormwater runoff and leachate.  
 
Several short-term studies (e.g., Burford et al. 2009; Smith and Haese 2009) have been 
completed in Buffalo Creek. Burford et al. (2009) indicated that the wastewater outfall 
was having substantial effects on the biogeochemical processes of the creek during the 
study. Burford et al. (2009) indicated that the greatest effects were on primary 
productivity, sediment nutrient fluxes and denitrification activity. Overall, Buffalo Creek 
has very poor water quality with significant impacts on the ecosystem (Burford et al. 
2009).  
 
Many water quality indicators failed to comply with water quality objectives reported in 
the ‘Darwin Harbour Region Report Cards 2009’ (Fortune et al. 2009). Recent studies 
and monitoring indicate Buffalo Creek has very low dissolved oxygen levels, even over 
the entire length of the creek. Very high chlorophyll a levels are present in the water 
column (Fortune et al. 2009; Burford et al. 2009) and sediments (Burford et al. 2009). 
The presence of elevated concentrations of chlorophyll in Buffalo Creek estuary could be 
associated with algae present in the treated wastewater discharge, or from algal growth 
in the estuary, or a combination of both. The Leanyer-Sanderson wastewater treatment 
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plant uses a treatment system in waste stabilisation lagoons utilising a combination of 
sunlight, micro-organisms and algae to break down the raw wastewater. Further 
research is required to determine the processes such as algal decay and cycling, and 
sources of phytoplankton present in the estuary such as freshwater and estuarine 
species. 
 
The Power and Water Corporation is currently planning and implementing a program of 
engineering works to improve the quality of the water discharged from the Leanyer-
Sanderson sewage treatment plant. 
 
 
 
2.5 Chlorophyll a mapping and fluorometry 

 
Chlorophyll a is a pigment contained in phytoplankton. Chlorophyll a is one of the most 
important indicators of eutrophication in water bodies. Chlorophyll containing organisms 
are the first link in most food chains, so the evaluation of chlorophyll a concentration is 
important when monitoring the health of an estuarine or freshwater system. Nutrients 
associated with diffuse and point sources in urban and other waterways can lead to 
increased algae growth.  
 
Chlorophyll a concentrations can be determined in the laboratory either by fluorescence, 
or by light absorption, the latter of which requires greater resources (Pinto et al. 2001). 
Fluorescence is a process where some compounds absorb specific wavelengths of light 
and almost instantaneously emit longer wavelengths. Chlorophyll a naturally absorbs 
blue light and emits, or fluoresces, red light. The measurement of fluorescence of the 
water containing the natural plankton is a practical and cost-effective method when 
evaluating large areas (Pinto et al. 2001). 
 
 
2.6 Rationale and objectives 

 
Development around the upper estuaries is increasing. The study investigates 
chlorophyll a spatial distribution in a pilot study to characterise current conditions and as 
a basis for recommending further research. Physical and nutrient water quality indicators 
are also evaluated in a separate study of Myrmidon Creek estuary. 
 
The objectives of this report were to: 

• present data from recent monitoring and build knowledge of the state of aquatic 
health; 

• investigate chlorophyll a mapping in estuaries subject to current and future urban 
development; and 

• assess water quality by comparing with local water quality objectives. 
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3 METHODS 

 
This section presents methods used in this study. Chlorophyll a mapping was completed 
at all estuaries. Water quality at transect positions was only measured in Myrmidon 
Creek estuary. 
 
 
3.1 Water quality indicators 

 
Water quality indicators used in this study are shown in Table 3. 
 
 
Table 3 Water quality indicators in this study and why they are used as indicators. 
 
Indicator  What it represents  Why it is used as an indicator 

Electrical 
conductivity 

A measure of electrical 
conductivity (dissolved 
solids, usually salts).  

Inhibits plant and animal growth if too high. 
Provides an indication of freshwater or marine 
water. 

pH A measure of the acidity 
or alkalinity of a solution 

Important for many chemical and biological 
processes. 

Turbidity Cloudiness in water A measure of the light scattering as a result of 
material suspended in water.  This affects the 
amount of light available for photosynthesis. 

Dissolved oxygen A measure of the amount 
of oxygen in the water. 
Varies with physical and 
chemical conditions. 

Critical for aquatic organisms to survive. Low 
dissolved oxygen is the major cause of 
freshwater fish kills. 

Chlorophyll a The green component of 
plants used in 
photosynthesis.  

Is used as an index of the amount (biomass) of 
algae. 

NOx Nitrate + nitrite (dissolved) 
forms of nitrogen 

Nitrate stimulates plant growth. Travels with 
water in solution. 

Ammonia Total ammonia is the sum 
of un-ionised ammonia 
and the ammonium forms 
of nitrogen 

Readily used by aquatic plants. Decomposition 
and excretion product. Ammonia can be toxic to 
biota. 

Total nitrogen Nitrogen. Nitrogen is essential for living organisms. 
Includes all forms of nitrogen. 

Total phosphorus Phosphorus. Phosphorus is essential for living organisms. 
Travels with sediment in water. 

Filterable reactive 
phosphorus 

Fraction of phosphorus 
that passes through a fine 
filter.  

Stimulates aquatic plant growth. Travels with 
water in solution. 

Pheophytin A pigment produced by 
digestion or degradation 
of chlorophyll a. 

Used as an index of the amount (biomass) of 
algae. 
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3.2 Chlorophyll a mapping 

 
 

3.2.1 Estuary locations  

 
An overview of the general locations of the estuaries was shown in Figure 1. Aerial views 
of individual estuaries and surrounding land use are shown in Figure 2 to Figure 7. 
 

 
 
Figure 2 Aerial view of Myrmidon Creek estuary. The Palmerston STP is shown. 
(Source: NRETAS maps) 
 
 

 
 
Figure 3 Aerial view of Elizabeth River estuary. 
(Source: NRETAS maps) 
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Figure 4 Aerial view of Buffalo Creek estuary. The Leanyer-Sanderson STP is located at 
the south end of the estuary. The estuary entrance is north in the figure. 
(Source: NRETAS maps) 
 
 

 
 
Figure 5 Aerial view of Bleesers Creek estuary. The Berrimah STP is located north of 
the estuary. 
(Source: NRETAS maps) 
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Figure 6 Aerial view of Reichardt Creek estuary. 
(Source: NRETAS maps) 
 
 

 
 
Figure 7 Aerial view of Sadgroves Creek estuary. 
(Source: NRETAS maps) 
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3.2.2 Fluorometry 

 
A Turner 10A fluorometer was used to determine fluorescence of continuously pumped 
water, collected from about 20 cm depth, in one longitudinal transect of each estuary. 
The fluorometer logged fluorescence values every five seconds. Depending on the size 
of the estuary, 481-1668 fluorometer readings were taken (Table 5). The fluorometer 
measurements were commonly taken over a 1-2 hour period, and on an outgoing tide 
(Table 4). 
 
Discrete water quality samples were taken for laboratory determination of chlorophyll a to 
calibrate the fluorometer readings (Pinto et al. 2001; Masson and Pena 2009). Pure 
chlorophyll a from laboratory standards is not recommended to be used to calibrate in 

vivo (field) samples since it fluoresces with a different intensity to that of chlorophyll a 
inside living cells (Pinto et al. 2001). Laboratory methods are shown in Table 8. 
Chlorophyll a discrete samples were taken at 9-28 locations in each estuary (Table 5). 
GPS positions were taken at regular intervals.  
 
 
Table 4 Fluorometry sampling dates, times, and low and high tide times. 
 
Estuary Date 

sampled 
Start 
time 

Finish 
time 

Sampling 
on tide 

Tide     

          
Myrmidon Creek  9/07/2009 0913 1004 Outgoing Time 0111 0752 1339 1903 

     Height 1.29 6.77 2.5 6.09 

Buffalo Creek  30/07/2009 1212 1436 Outgoing Time 0515 1053 1824  

     Height 3.42 5.57 2.18  

Elizabeth River  25/06/2009 1019 1158 Outgoing Time 0136 0816 1401 1930 

     Height 0.41 7.5 2.18 6.65 

Sadgroves Creek  16/07/2009 1258 1338 Outgoing Time 0500 1051 1807  

     Height 3.06 5.76 2.21  

Reichardt Creek  16/07/2009 1200 1257 Outgoing Time 0500 1051 1807  

     Height 3.06 5.76 2.21  

Bleesers Creek  16/07/2009 1103 1151 Outgoing Time 0500 1051 1807  

     Height 3.06 5.76 2.21  

Tide data from BOM website. Height (m). 
http://www.bom.gov.au/oceanography/tides/MAPS/nt.shtml#form 

 
 
Table 5 Number of chlorophyll a samples for laboratory determination, and fluorometry 
readings for estuaries. 
 
Estuary Number of chlorophyll a 

samples for laboratory 
Number of 

fluorometry readings 

   
Myrmidon Creek  11 602 

Buffalo Creek  28 1668 

Elizabeth River  17 1145 

Sadgroves Creek  9 481 

Reichardt Creek  9 481 

Bleesers Creek  10 541 
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3.2.3 Spatial interpolation, data and statistical analyses  

 
A regression model was used to determine the relationship between the fluorometer 
reading and field chlorophyll a values. Field samples for chlorophyll a were collected and 
sent to the laboratory for analysis. Similarly, a regression model was also fitted to pooled 
data across all estuaries. Significance was assessed at the P<0.05 level. Regression 
models were fitted using the statistical package Statistica. Spatial data for the 
fluorometry and chlorophyll a data were obtained from a GPS. Chlorophyll a spatial 
interpolation was undertaken with ArcGIS spatial analyst by ordinary kriging methods. 
For all estuaries, except Myrmidon Creek, one longitudinal transect was completed. In 
Myrmidon Creek several transects were undertaken which improved the spatial 
resolution. Some caution should therefore be used when interpreting values in wide 
areas of some estuaries. 
 
 
3.3 Myrmidon Creek estuary water quality  

 
This section presents methods in the water quality study in Myrmidon Creek estuary. 
 
 

3.3.1 Transect and site locations 

 
Myrmidon Creek estuary had five transects sampled, and each transect had three 
sampling sites across the width of the estuary. Results are later presented from upper to 
outer estuary as positions A, B, C, D, and E. The discharge point from the STP is 
between positions A and B. 
 

E

E
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D
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0 500

 m

 
 
Figure 8 Aerial image showing Myrmidon Creek estuary, the Palmerston STP and the 
location of transects. Image source: Quickbird. 
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3.3.2 Field sampling  

 
Water quality data were collected in Myrmidon Creek estuary at the five transects during 
the dry season on 17 October 2006. The study date was chosen to coincide with neap 
(lowest high tide) conditions. Sampling commenced at low tide (10:23 hrs) and was 
completed at high tide (15:54 hrs; Table 6). 
 
Table 6 Tide height at Fort Hill, Darwin Harbour and sampling period on 17 October 
2006. 
 
 High  Low  High  Low 

Height 
(Time) 

5.38 m 
(03:13) 

3.15 m 
(10:23) 

4.96 m 
(15:54) 

2.98 m 
(21:51) 

 
 
Table 7 Sampling times for transects and tide. 
 
Transect position 
from upper estuary 

Start time 
of 
sampling 

Finish time 
of 
sampling 

Sampling on tide 

    

A 1314 1335 Incoming 

B 1034 1146 Incoming, near low tide 

C 1203 1233 Incoming 

D 1355 1419 Incoming 

E 1500 1530 Incoming, near high tide 

Tide data from BOM website http://www.bom.gov.au/oceanography/tides/MAPS/nt.shtml#form 

 
 
 

3.3.3 Physical measurements 

 
Physical measurements of dissolved oxygen, electrical conductivity and salinity were 
measured with a Hydrolab multi-parameter probe for approximately 3-4 minutes at each 
site, and the mean determined for each set of readings. Readings were taken in 
0.02-0.05 m increments to approximately 1-1.2 m depth, so average depth was about 
0.5-0.6 m.  The Hydrolab was calibrated prior to use for all samplings. Turbidity was also 
measured using the Hydrolab.  
 
 

3.3.4 Nutrient measurements and laboratory methods 

 
Nutrient samples were taken at less than 0.5 m depth. Separate sample bottles were 
collected for total and filterable nutrients. Filtering was undertaken in the field. All 
samples were analysed for total kjeldahl nitrogen (TKN), nitrite (NO2), nitrate (NO3), 
ammonia-N, total phosphorus (TP), and filterable reactive phosphorus (FRP). Nutrient 

samples for nitrite, nitrate and FRP were filtered with 0.45 µm filters in the field. The 
chemical and nutrient analyses were carried out by Northern Territory Environmental 
Laboratories (NTEL), Berrimah. NTEL is National Association of Testing Authorities 
(NATA) accredited. Ammonia is a measure of the ammonium ion NH4

+, and is measured 
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by the automated phenate method by NTEL (NTEL staff pers. comm.). All samples were 
collected, transported and stored using recommended sampling protocols, preservation 
protocols and chain of custody documentation. All nutrient samples were determined 
using APHA standard methods (Table 8). NOx and total N (TN) were calculated as 
follows: 
 
TN = TKN + nitrite + nitrate 
NOx = nitrite + nitrate 
 
 
Table 8 Laboratory methods for water quality. 
 
Measurement Method APHA (1998) number 

NO3  Automated cadmium reduction  4500-NO3 I 
NO2 Automated cadmium reduction  4500-NO3 I 
NH3 Automated phenate method 4500-NH3 G 
TKN Sulphuric acid digestion followed by the 

automated phenate method 
4500 TKN D 

Filterable reactive P Flow injection analysis for orthophosphate 4500-P F 
Total phosphorus Persulphate digestion followed by 

automated ascorbic acid method 
4500-P H 

Chlorophyll a Fluorometry (3) or spectrophotometry (H2) 10200 H (APHA 2005) 
Pheophytin Fluorometry (3) or spectrophotometry (H2) 10200 H (APHA 2005) 
   

APHA (1998) unless otherwise stated 
APHA (2005) for chlorophyll a and pheophytin; method depends on concentration. 
 
 

3.3.5 Phytoplankton  

 
Algae samples were taken for species diversity analysis at Myrmidon Creek estuary. 
Samples were concentrated and preserved in Lugol’s solution. Analysis was undertaken 
by Ecowise Environmental Pty Ltd using standard procedures including a Sedgwick-
Rafter counting chamber. All samples were collected, transported and stored using 
recommended sampling protocols, preservation protocols and chain of custody 
documentation. 
 
 

3.3.6 Chlorophyll a and pheophytin  

 
Chlorophyll a and pheophytin (Table 8) samples were also taken at each transect 
sampling site in Myrmidon Creek. Chlorophyll a was filtered by vacuum and Whatman 45 

µm filters in the laboratory upon returning form the field, and kept in dark conditions in a 
freezer prior to dispatch to the Department of Regional Development, Primary Industry, 
Fisheries and Resources laboratory, Berrimah. All samples were collected, transported 
and stored using recommended sampling protocols, preservation protocols and chain of 
custody documentation. 
 
 

3.3.7 Data and statistical analyses  

 
Where concentrations of nutrients, chlorophyll and other measurements were below limit 
of detection, half the limit of detection was used in calculations. Water quality data for the 
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Myrmidon Creek estuary were analysed by analysis of variance (ANOVA) to evaluate 
differences between transects using the statistical package Statistica. Significance was 
assessed at the P<0.05 level. Some data are presented as summary statistics. 
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4 CHLOROPHYLL A MAPPING RESULTS 

 
 
4.1 Regression models 

 
The regression model fitted to pooled data across all estuaries is shown in Figure 9. The 
pooled relationship had a good fit (r2 = 0.92, P<0.001). Data from Buffalo Creek estuary 
dominated the pooled relationship. Regression statistics and parameters for the pooled 
relationship and individual estuaries are shown in Table 9, with equation parameters 
presented in the form of equation 1. 
 
Chla=bF + c       (1) 
 

Where Chla is the concentration of chlorophyll a in the laboratory (µg L–1), F represents 
field-based fluorometer value, and b, and c are fitted parameters for slope and intercept, 
respectively. 
 
Regression models fitted for individual estuaries varied from very poor fit (e.g. 
Sadgroves, Myrmidon and Bleesers Creeks, and Elizabeth River; Table 9) to good fit 
(e.g. Buffalo Creek and Reichardt Creek; Table 9). Examples of contrasting regression 
models fitted to individual estuaries are shown in Figure 10.  
 
Standard errors of parameter estimates were large for most individual estuaries (Table 
9). The poor relationships were commonly due to the low values of the discrete samples 
determined in the laboratory being close to the detection limit (e.g. Figure 10b). 
Consequently, due to the commonly very poor fit, or non significant relationship, 
fluorometer readings for all individual estuaries were therefore calibrated using the 
pooled relationship for mapping purposes.  
 
 

 
 
Figure 9 Relationship between field-based fluorometry reading and chlorophyll a 
determined by laboratory from data pooled for all estuaries. 
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Table 9 Regression model parameters and statistics for equation 1 for pooled data and 
individual estuaries. 
 
Estuary b slope Std error 

for b slope 
c intercept Std error for 

c intercept 
r
2
 P 

       
Pooled 0.67 0.02 -0.89 0.93 0.91 P<0.001 

       

Myrmidon 0.055 0.04 0.56 0.28 0.15 NS 

Buffalo 0.65 0.04 4.2 2.6 0.92 P<0.001 

Bleesers 0.03 0.03 0.48 0.17 0.08 NS 

Elizabeth 0.002 0.005 1.66 0.006 0.16 NS 

Reichardt 0.29 0.06 -0.27 0.22 0.76 P<0.01 

Sadgroves 0.073 0.25 0.70 1.0 0.01 NS 
NS not significant 

 
 
 

 

r
2
 = 0.92, P<0.001 

(a) Buffalo Creek  
  

 

r
2
 = 0.01, P=NS 

(b) Sadgroves Creek  
  
 
Figure 10 Relationship between field-based fluorometry reading and chlorophyll a 
determined by laboratory for contrasting examples (a) Buffalo Creek estuary, and (b) 
Sadgroves Creek estuary. 
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4.2 Chlorophyll a spatial distribution 

 
This section presents results of the spatial distribution of chlorophyll a for each estuary. 
Results are also presented in relation to the Darwin Harbour water quality objective. 
 
 

4.2.1 Myrmidon Creek estuary  

 

In Myrmidon Creek estuary, ‘hot spots’ of chlorophyll a were between the STP discharge 
point and the estuary entrance, on the outgoing tide (Figure 11). Many areas of the 

upper estuary had chlorophyll a concentrations <4 µg/L. 
 

The Darwin Harbour water quality objective for chlorophyll a is <4 µg/L. Many areas of 
the upper and outer estuary had chlorophyll a concentrations that complied with the 
upper estuary water quality objective (Figure 12). Parts of the south eastern side of the 
estuary that were influenced by the STP discharge plume and tide flow at the time of 
sampling did not comply with the Darwin Harbour chlorophyll a upper estuary water 
quality objective (Figure 12).  

 

 

0 0.2
km

Mangroves

Darwin Harbour boundary

 7.1

1.4

 
 

Figure 11 Spatial distribution of chlorophyll a (µg/L) in Myrmidon Creek estuary. 
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Figure 12 Spatial distribution of chlorophyll a values above (>4 µg/L) and below the 
water quality objective in Myrmidon Creek estuary. 
 
 
 

4.2.2 Elizabeth River Creek estuary  

 
Spatial distribution of chlorophyll a in Elizabeth River estuary generally shows low 

chlorophyll a concentrations (<3 µg/L) in the upper estuary, with values increasing to 

10-12 µg/L in several ‘hot spots’ towards the estuary entrance (Figure 13).  
 
Many areas of the upper estuary had chlorophyll a concentrations that complied with the 
water quality objective (Figure 14). Many parts of the mid and lower estuary did not 
comply with the Darwin Harbour chlorophyll a upper estuary water quality objective.  
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Figure 13 Spatial distribution of chlorophyll a (µg/L) in Elizabeth River estuary. 
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Figure 14 Spatial distribution of chlorophyll a values above (>4 µg/L) and below the 
water quality objective in Elizabeth River estuary. 
 
 
 

4.2.3 Buffalo Creek estuary  

 
The spatial distribution of chlorophyll a in Buffalo Creek estuary shows very high values 

(>200 µg/L) in the upper estuary, with values <10 µg/L near the boat ramp (Figure 15). 

Chlorophyll a values were <1 µg/L as the estuary entered Shoal Bay.  
 
The spatial distribution of chlorophyll a in Buffalo Creek indicates the Darwin Harbour 

upper estuary water quality objective (<4 µg/L) would only be complied with, from a 
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seaward direction from the entrance to Shoal Bay (Figure 16). The high chlorophyll a 
results indicate water quality in most parts of Buffalo Creek estuary is in very poor 
condition.  
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Figure 15 Spatial distribution of chlorophyll a (µg/L) in Buffalo Creek estuary, with 
classification of concentrations included. 
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Figure 16 Spatial distribution of chlorophyll a values above (>4 µg/L) and below the 
water quality objective in Buffalo Creek estuary. 
 
 
 

4.2.4 Bleesers Creek estuary  

 
In Bleesers Creek estuary, an area of greater chlorophyll a was measured in the middle 
estuary area (Figure 17). The Berrimah STP discharge point to Bleesers Creek estuary 
is in this general vicinity.  
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Much of the upper and lower estuary had chlorophyll a concentrations <4 µg/L, and 
therefore complied with the upper estuary water quality objective (Figure 18). Within the 
middle part of the estuary, the areas mapped as greatest chlorophyll a concentrations 
did not comply with the Darwin Harbour water quality objective (Figure 18).  
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Figure 17 Spatial distribution of chlorophyll a (µg/L) values in Bleesers Creek estuary. 
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Figure 18 Spatial distribution of chlorophyll a values above (>4 µg/L) and below the 
water quality objective in Bleesers Creek estuary. 
 
 

4.2.5 Sadgroves Creek estuary  

 
The area of greatest chlorophyll a was in one arm of the upper Sadgroves Creek estuary 

area (Figure 19). The majority of the estuary had chlorophyll a concentrations <2.5 µg/L. 
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Most areas of the estuary had chlorophyll a concentrations that complied with the upper 
estuary water quality objective (Figure 19).  
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Figure 19 Spatial distribution of chlorophyll a (µg/L) in Sadgroves Creek estuary. 
 
 

4.2.6 Reichardt Creek estuary  

 
The area of greatest chlorophyll a was in part of the upper estuary (Figure 20). The 

majority of the estuary had chlorophyll a concentrations <2 µg/L (Figure 20). Most areas 
of the estuary had chlorophyll a concentrations that complied with the upper estuary 
water quality objective.  
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Figure 20 Spatial distribution of chlorophyll a (µg/L) in Reichardt Creek estuary. 
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5 MYRMIDON CREEK ESTUARY WATER QUALITY RESULTS 

 
This section presents results for the Myrmidon Creek study outline in section 3.3. 
 
 
5.1 Physical measurements 

 

5.1.1 Summary of all data 

 
Summary statistics for water quality indicators across all sites (section 3.3) in Myrmidon 
Creek estuary are presented in Table 10. Further details are presented in the following 
sections. Physical measurement indicators suggest that water quality is generally good, 
with adequate dissolved oxygen levels and low turbidity. 
 
 
Table 10 Summary statistics of physical measurement data in Myrmidon Creek estuary. 
 
Indicator  N Mean Median Min Max Std. 

dev. 
Std 

error 

        
Temperature (

o
C) 15 29.9 29.9 29.2 30.3 0.3 0.06 

pH 15 7.9 8.0 7.9 8.0 0.04 0.01 
Dissolved oxygen 
(mg/L) 

15 5.6 5.6 5.2 5.9 
0.21 0.05 

Dissolved oxygen (%) 15 88 88 80 92 3.4 0.87 

Conductivity (uS/cm) 15 56300 56200 56100 57100 290 74 

Salinity (ppt) 15 37.5 37.4 37.3 38.1 0.21 0.06 

Turbidity (NTU) 15 5.7 6.4 1.2 15.4 3.8 0.99 
N is number of samples 

 
 
 

5.1.2 Transect positions 

 
There was a significant difference (P<0.05) between transect positions for dissolved 
oxygen (percent saturation; Figure 21). Position B is located near the STP outfall 
(section 3.3). Dissolved oxygen (percent saturation) was lowest at position B near the 
outfall. Similarly, there was a significant difference between transect positions for pH 
(P<0.01; Figure 22) and turbidity (P<0.01). Turbidity was lower in the outer part of the 
estuary than mid estuary (Figure 23). There were no significant differences between the 
transect positions for conductivity, salinity or temperature. A summary of means and 
variability estimates are presented in the appendix. 
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Figure 21 Means and confidence intervals for dissolved oxygen (percent saturation) for 
position from upper estuary.  
 

 
 
Figure 22 Means and confidence intervals for pH for position from upper estuary.  
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Figure 23 Means and confidence intervals for turbidity for position from upper estuary.  
 
 
 
 
5.2 Nutrients and other indicators 

 

5.2.1 Summary of all data 

 
Summary statistics across all sites are presented in Table 11. Further details are 
presented in the following sections.  
 
Table 11 Summary statistics for nutrient, chlorophyll and other indicators in Myrmidon 
Creek estuary. 
 
 

Indicator N Mean Median Min Max Std. 
dev. 

Std. 
error 

        

Nitrate as N (mg/L) 15 0.01 0.005 <LOD 0.03 0.01 0.002 

Ammonia as N  (mg/L) 15 0.10 0.01 <LOD 0.48 0.16 0.04 

Total Kjeldhal N (mg/L) 15 0.50 0.27 0.08 2.17 0.64 0.17 

TN (mg/L) 15 0.51 0.27 0.08 2.22 0.65 0.17 

TP (mg/L) 15 0.08 0.02 0.01 0.41 0.12 0.03 

FRP (mg/L) 15 0.07 0.01 0.01 0.38 0.11 0.03 

Gilvin absorb 0.20 um 15 0.93 1.00 0.40 1.60 0.34 0.09 

Chlorophyll a (ug/L) 15 2.70 2.00 0.50 7.00 2.19 0.57 

Pheophytin (ug/L) 15 0.76 0.50 0.25 2.50 0.74 0.19 
N is number of samples 

 
 

5.2.2 Transect positions 

 
Chlorophyll a means and confidence intervals for transect positions are shown in Figure 
24. There were significant differences between means for chlorophyll a (P<0.05). 
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Chlorophyll a was greatest at position B, near the outfall. There were similar patterns for 
TP (P<0.01; Figure 25), TN (P<0.01; Figure 26), nitrate (P<0.001; Figure 27), FRP 
(P<0.01), and pheophytin (P<0.01). There were no significant differences between 
transect position means for ammonia. A summary of means and variability estimates are 
presented in the appendix. 
 
 

 
 
Figure 24 Means and confidence intervals for chlorophyll a for position from upper 
estuary.  
 
 

 
 
Figure 25 Means and confidence intervals for TP for position from upper estuary.  
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Figure 26 Means and confidence intervals for TN for position from upper estuary.  
 
 

 
 
Figure 27 Means and confidence intervals for nitrate for position from upper estuary.  
 
 
 
5.3 Phytoplankton  

 
Phytoplankton diversity results are shown in Figure 28. Cyanobacteria (Cyanophyceae), 
dinoflagellates (Dinophyceae), and diatoms (Bacillariophyceae) are notable in samples 
collected from sites which are most closely associated with the discharge plume from 
Palmerston STP.  Other sites are characterised by the predominance of the 
Chlorophyceae class of green algae. 
 
 
 



  

 32 

 
Position A 

 
Position B 

 
Position C 

 
Position D 

 
Position E 

Legend 
 

 

 
Figure 28 Phytoplankton diversity for Myrmidon Creek. 
 
 
 
 
5.4 Comparison to water quality objectives  

 
Median water quality values from the samplings are compared with water quality 
objectives (see section 2.2) for the upper estuaries in Darwin Harbour. The treatment 
plant is subject to a Waste Discharge Licence. The licensed mixing zone is yet to be fully 
determined. It is possible that the Buffalo Creek monitoring sites are located within the 
discharge mixing zone, and that the water quality objectives may not apply.  
 
Median values for most water quality indicators from the October 2006 sampling 
complied with WQOs, and are summarised in Table 12. For pH and dissolved oxygen, 
the 20th and 80th percentiles were used. The dissolved oxygen (% sat) WQO for Darwin 
Harbour region is under revision (Drewry et al. 2010a). FRP did not comply with WQOs. 
These values for current condition are only for one sampling period in the dry season, so 
should be used with some caution. It is preferable to use values collected over a longer 
period. 
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Table 12 Comparison of Myrmidon Creek surface water quality indicators sampled in 
October 2006 and water quality objectives. ‘x’ indicates the WQO was not complied with. 
 

Indicator and units Water quality 
objective for 

upper estuary 

Myrmidon Creek  
estuary median in this 
report (October 2006) 

Sample 
number  

Compliance 

pH  6-8.5 7.9-8.0 15 Tick 

Dissolved oxygen (%) 80-100 87-90 15 Tick 

Chlorophyll a (µg/L) <4 2.0 15 Tick 

NOx-N (µg N/L) <20 5.5 15 Tick 

Ammonia-N (µg N/L) <20 10 15 Tick 

Total nitrogen (µg N/L) <300 270 15 Tick 

Total phosphorus (µg P/L) <30 15 15 Tick 

Filterable reactive P (µg P/L) <10 14 15 X 
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6 DISCUSSION 

 
 
6.1 Chlorophyll a spatial distribution 

 
Many parts of the estuaries complied with chlorophyll a upper estuary water quality 
objectives. However, several parts of Elizabeth River estuary had chlorophyll a levels 
greater than water quality objectives. Further investigation is recommended near urban 
influenced areas and particularly in the wet season when nutrient influx is much greater 

than in the dry season. Chlorophyll a concentrations of up to 70 µg/L associated with 
freshwater inflow during the early 2007 wet season in tributaries of the Elizabeth River 
estuary have been recorded (Drewry et al. 2010b). Seasonal variations in chlorophyll a 
concentrations may occur depending on increases in solar radiation, freshwater inflows 
and depth of euphotic zone (Masson and Pena 2009). Studies have shown that 
chlorophyll a concentrations can be greater under near surface stratification conditions 
due to freshwater inflows (e.g. Masson and Pena 2009). Further research is required to 
evaluate chlorophyll a levels in the wet season and in the wider harbour area. 
 
Parts of Myrmidon Creek, Bleesers Creek and Buffalo Creek estuaries had some areas 
with chlorophyll a levels greater than upper estuary water quality objectives. The 
presence of elevated concentrations of chlorophyll in these estuaries could be 
associated with algae present in the treated wastewater discharge, or from algal growth 
in the estuary, or a combination. Further research is required to determine the processes 
such as algal decay and cycling, and sources of phytoplankton present in the estuary 
such as freshwater and estuarine species. Burford et al. (2009) reported that chlorophyll 
a levels in Myrmidon Creek estuary are rapidly diminished with distance from the STP 
discharge site. However, the current spatial distribution study shows that chlorophyll a 
concentrations can still be much greater within the estuary, than outside the estuary 
entrance. 
 
Greater spatial coverage would improve information quality for further analysis of spatial 
statistics such as derived from semivariograms (e.g. Wang and Liu 2005). Multiple 
transects of fluorometer-based data would be useful to provide improved spatial 
interpolation. Multiple transects are recommended in estuaries with wide segments, and 
around ‘hot-spots’. In the Myrmidon Creek estuary, several lengthwise transects were 
completed in the lower and middle estuary which greatly improved resolution of spatial 
data across the estuary. Some caution should therefore be used when interpreting 
values in wide areas of some estuaries.  
 
 
 
6.2 Myrmidon Creek estuary water quality 

 
The study shows that many nutrient mean concentrations (TP, FRP, TN and nitrate) 
were greater near the discharge site than in the upper or outer estuary. Several recent 
studies show the effects of treated sewage discharge in Myrmidon Creek is only 
temporary and localised (Smith and Haese 2009). Low benthic flux, low nutrient pools 
and high dentrification rates suggest that the ecological health is intact (Smith and Haese 
2009; Burford et al. 2009). Smith and Haese (2009) report a distinct green plume 
entering Myrmidon Creek estuary at the discharge site, which while low in dissolved 



  

 35 

oxygen and rich in nutrients, disperses with the tide to become undetectable in several 
hours, suggesting that parts of the estuary are well flushed.  
 
 

 
 
Figure 29 Photo of mangrove area in the Myrmidon Creek estuary on 28 August 2007, 
showing high chlorophyll a levels near the Palmerston sewage treatment plant discharge 
point.  
 
 
 
6.3 Recommendations for further research 

 
The use of ‘hydrolab’ multi-parameter water quality equipment is recommended to 
improve spatial distribution knowledge of physical water quality indicators. Further field 
evaluation is required. At least several longitudinal transects are recommended when 
using the fluorometer, especially in estuaries with wide segments. With a greater number 
of transects in future, we recommend further evaluation of the data for spatial coverage 
statistics including semivariograms. 
 
Some caution with laboratory chlorophyll a analyses close to the limit of detection is 
required. A range of laboratory-based values is required for improved regression models 
in future, as a low range is likely to be a limitation of the overall technique in some 
estuaries. 
 
Fluorometry can also be used to detect human faecal contamination indirectly by 
detecting optical whiteners (added to laundry detergents) in association with samples for 
bacteria numbers (Hartel et al. 2007). Further evaluation of such indirect techniques is 
suggested. Given the proposed development within some estuary catchments (e.g. 
Elizabeth River estuary) further investment and monitoring to help understand the natural 
processes and variability within the harbour estuaries are recommended.   
 
We recommend fluorometer-based monitoring during wet season inflows when inflow of 
nutrients and chlorophyll a concentrations are likely to be much greater than measured in 
the current study during the dry season.  
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7 CONCEPTUAL UNDERSTANDING OF ESTUARY PROCESSES 

 
 
7.1 Introduction 

 
Scientifically-based conceptual diagrams are used to identify and depict major 
processes, threats or impacts in catchments and associated waterways.  They provide 
an effective way of communicating conceptual understanding and often complex 
scientific findings and their implications. The diagrams are a valuable tool for scientists to 
discuss and agree on the key messages to be communicated to the wider community. 
 
This section presents conceptual diagrams for Myrmidon Creek, and Elizabeth River 
estuaries, but further work is required for ongoing development of process understanding 
of these and other estuaries.  
  
 
7.2 Buffalo Creek estuary processes 

 
Conceptual diagrams have been developed for Buffalo Creek estuary (Smith and Haese 
2009). A new diagram is presented in this section for spatial distribution of chlorophyll a. 
Buffalo Creek has very high chlorophyll a concentrations particularly in the upper 
navigable reaches of the estuary where it is poorly flushed and close to the STP outfall 
site. Chlorophyll a concentrations were much lower at the estuary’s entrance to Shoal 
Bay. The estuary has high nutrient pools and low dentrification efficiency indicating that 
the ecological health is poor (Smith and Haese 2009). Denitrification is a process that 
converts inorganic nitrogen to nitrogen gas, and is an indicator of efficiency of nitrogen 
removal from the system. Concentrations of nutrients and chlorophyll a may depend on 
tidal inflow or outflow so research is required to further quantify this extent. The presence 
of elevated concentrations of chlorophyll in the estuary could be associated with algae 
present in the treated wastewater discharge, or from algal growth in the estuary, or a 
combination. 
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Figure 30 Conceptual diagram of Buffalo Creek estuary chlorophyll a spatial distribution 
and processes during the dry season. 
 
 
 
7.3 Myrmidon Creek estuary processes 

 
A conceptual diagram of Myrmidon Creek estuary chlorophyll a distribution is shown in 
Figure 31. The diagram shows the extent of chlorophyll a distribution is often limited to 
the area of the estuary adjacent to the STP outfall. Distribution however depends on tide 
conditions. Recent research indicates that chlorophyll a concentrations in the Myrmidon 
Creek estuary near the STP discharge point were greatest, with concentrations falling in 
areas about halfway to the Myrmidon Creek estuary entrance (Drewry et al. 2010c). 
Similarly, Drewry et al. (2010c) showed the plume can be limited to approximately half 
the estuary width and bounded by the southern bank, depending on tide conditions. This 
is taken into account in the conceptual diagram. The estuary has low nutrient pools and 
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high dentrification rates indicating that the ecological health is intact (Smith and Haese 
2009; Burford et al. 2009). Further research and mapping is continuing.  
 

 
 
Figure 31 Conceptual diagram of Myrmidon Creek estuary chlorophyll a distribution and 
processes. 
 
 
 
7.4 Elizabeth River estuary processes 

 
A conceptual diagram of Elizabeth River estuary processes is presented in Figure 32. 
Sediment and nutrient sources to waterways (shown by arrows) include natural 
bushland, agriculture, and urban areas. The upper parts of the harbour estuary have 
deposition and resuspension of sediment, and can be poorly flushed by tidal flow. The 
wet and dry seasonal changes and tidal flow affect water quality, salinity gradients, light, 
nutrient inflows and ecological processes. Runoff in the wet season entering the estuary 
from the urban and rural area increases available nutrients such as nitrate which can 
result in increased algal growth and therefore greater chlorophyll a than measured in the 
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current dry season study. Further interpretive information is available in Fortune et al. 
(2009) and Drewry et al. (2010b). 
 
It is likely that chlorophyll a distribution and magnitude will change as development 
surrounding the catchment continues. It is also likely that chlorophyll a distribution and 
magnitude will be greater in the wet season compared with the dry season, due to 
nutrient inflows and the size of the catchment.  Previous research in this region indicates 
much greater levels of chlorophyll a after wet season rainfall events (Drewry et al. 
2010b). Further chlorophyll a mapping and water quality data collection are required in 
the wet season to quantify seasonal variation and extent of flood plumes. Further 
research and monitoring will help improve conceptualisation of wet and dry season 
processes in this estuary. 
 

 
 
Figure 32 Conceptual diagram of Elizabeth River estuary processes in the wet and dry 
seasons – cross section view (adapted from Fortune et al. 2009). 
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8 CONCLUSIONS 

 
The pilot study was valuable to assess the spatial distribution of chlorophyll a across a 
number of estuaries in the region. Chlorophyll a concentrations were generally 
acceptable in many areas and met upper estuary water quality objectives set for the 
region. However, some estuaries without STP influence had some areas observed that 
did not comply with water quality objectives.  
 
Parts of several estuaries associated with STP discharges did not comply with water 
quality objectives for chlorophyll a. Elevated concentrations of chlorophyll in the 
estuaries subject to treated wastewater discharges could be associated with algae 
present in the treated wastewater discharge (used as part of the treatment process), or 
from algal growth in the estuary, or a combination. Buffalo Creek estuary did not comply 
with water quality objectives for chlorophyll a. Buffalo Creek estuary had mostly very high 
chlorophyll a concentrations indicating very high algal biomass. It is likely that many 
estuaries could have much greater chlorophyll a concentrations during the wet season 
freshwater inflow than was measured in this study. Wet season freshwater inflow is likely 
to carry nutrients from the catchment, and therefore algal growth is expected to increase. 
Further research is required to quantify these processes. 
 
Water quality indicators in Myrmidon Creek estuary show that generally chlorophyll a, 
nutrients, and several other indicators were greatest at the sampling position near the 
STP outfall. With the exception of FRP, median values for most water quality indicators 
from the Myrmidon Creek estuary October 2006 sampling complied with upper estuary 
water quality objectives. 
 
Several recommendations made will improve data and information quality for future 
studies in the region.
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10 FURTHER READING 

 
For further reading, reports on water quality, biological health and indicators in the 
Darwin Harbour region from the Aquatic Heath Unit can be found at:  
http://www.nt.gov.au/nreta/water/aquatic/index.html 
http://www.nt.gov.au/nreta/water/reportcards/interpretation.html 
http://www.nt.gov.au/nreta/water/aquatic/publications/index.html 
http://www.nt.gov.au/nreta/water/aquatic/ausrivas/index.html 
 
 
 
 

11 ACRONYMS AND ABBREVIATIONS 

 

 

Acronym or 
abbreviation 

Definition 

  
AHU Aquatic Health Unit 
DO Dissolved oxygen 
FRP Filterable reactive phosphorus 
NTG Northern Territory Government 
NRETAS Department of Natural Resources, Environment, The Arts and Sport  
STP Sewage treatment plant 
TN Total nitrogen 
TP Total phosphorus 
WQO Water quality objective 
WQPP Water Quality Protection Plan 
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12 GLOSSARY 

 
Key water quality indicators were described in an earlier section. 

 

Terms Definition 
  
Ambient water 
quality 

Background water quality levels in waterways. In freshwater 
streams this commonly refers to low flow (non event) conditions. 

Diffuse source Refers to transport (such as run-off) from non-point sources such 
as urban paved or non-paved areas, hillslopes, agricultural land 
and forest. 

Euphotic depth Euphotic depth is a measure of how deep light penetrates through 
the water. Euphotic depth extends from the atmosphere-water 
interface downwards at a depth where light intensity falls to 1% of 
that measured at the surface. 

Flushing The capacity of tidal movement to dilute a body of water. In the 
Darwin Harbour region, upper estuaries and tidal creeks are 
generally poorly flushed. 

Pheophytin A pigment produced by digestion or degradation of chlorophyll a. 
The ratio of pheophytin to chlorophyll a can provide an indication of 
the decline or growth in microphytobenthos populations. 

Phytoplankton Microscopic aquatic plants. 
Point source  Discharge from a single point, such as an outlet pipe. Can refer to 

runoff or wastewater discharges. 
Sewage 
treatment plant 

A facility that processes wastewater and partially removes 
materials that damage water quality.  

Water quality 
objective  

Water quality objectives act as local waterbody guideline levels 
and/or reference levels to help guide planning and water 
management. Water quality objectives describe the water quality 
needed to protect Beneficial Uses identified by the community. 
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13 APPENDIX 

 
 
Means, standard errors and confidence intervals of selected water quality indicators for 
the Myrmidon Creek estuary study are summarised in this appendix. 
 
Table 13 Means, standard errors and confidence intervals of selected physical indicators 
for the Myrmidon Creek estuary. 
 
Indicator Position from 

upper estuary 
Mean -95% CI +95% CI N 

      

Dissolved oxygen (%) A upper 92 88.9 94.5 3 

 B 83 80.4 86.0 3 

 C 88 85.5 91.1 3 

 D 88 85.5 91.1 3 

 E outer 88 84.9 90.6 3 

 Std.Err. 1.26    

 P P<0.05    

      

Dissolved oxygen (mg/L) A upper 5.83 5.66 6.01 3 

 B 5.32 5.14 5.49 3 

 C 5.63 5.46 5.81 3 

 D 5.65 5.47 5.82 3 

 E outer 5.59 5.42 5.77 3 

 Std.Err. 0.078    

 P P<0.05    

      

pH A upper 7.94 7.91 7.97 3 

 B 7.87 7.84 7.90 3 

 C 7.93 7.90 7.96 3 

 D 7.97 7.94 8.00 3 

 E outer 7.97 7.94 8.00 3 

 Std.Err. 0.013    

 P P<0.01    

      

Turbidity (NTU) A upper 6.5 3.5 9.5 3 

 B 8.4 5.4 11.4 3 

 C 9.6 6.6 12.6 3 

 D 2.3 -0.7 5.2 3 

 E outer 1.7 -1.3 4.7 3 

 Std.Err. 1.3    

 P P<0.01    
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Table 14 Means, standard errors and confidence intervals of selected nutrients and 
other indicators for the Myrmidon Creek estuary. 
 
Indicator Position from 

upper estuary 
Mean -95% CI +95% CI N 

      
Chlorophyll a (ug/L) A upper 2.0 0.14 3.86 3 

 B 5.7 3.80 7.53 3 

 C 3.7 1.80 5.53 3 

 D 1.2 -0.70 3.03 3 

 E outer 1.0 -0.86 2.86 3 

 Std.Err. 0.84    

 P P<0.05    

      
Nitrate as N (mg/L) A upper 0.01 -0.001 0.01 3 

 B 0.03 0.021 0.03 3 

 C 0.01 0.006 0.02 3 

 D 0.001 -0.006 0.01 3 

 E outer 0.001 -0.005 0.01 3 

 Std.Err. 0.003    

 P P<0.001    

      
Total nitrogen (mg/L) A upper 0.18 -0.27 0.62 3 

 B 1.63 1.19 2.07 3 

 C 0.37 -0.07 0.81 3 

 D 0.14 -0.30 0.58 3 

 E outer 0.23 -0.21 0.67 3 

 Std.Err. 0.20    

 P P<0.01    

      
Total phosphorus (mg/L) A upper 0.02 -0.08 0.11 3 

 B 0.28 0.19 0.37 3 

 C 0.08 -0.01 0.17 3 

 D 0.01 -0.08 0.10 3 

 E outer 0.01 -0.08 0.10 3 

 Std.Err. 0.04    

 P P<0.01    

      
FRP as P (mg/L) A upper 0.02 -0.06 0.09 3 

 B 0.25 0.17 0.32 3 

 C 0.06 -0.02 0.14 3 

 D 0.01 -0.07 0.09 3 

 E outer 0.01 -0.07 0.09 3 

 Std.Err. 0.035    

 P P<0.01    

 
 
 
 
 


