Introduction 

Mangroves are the trees and shrubs that grow in the intertidal zones along sheltered coastal shores, islands and estuaries. It is estimated that 40% of the total area of mangroves in Australia occurs in Queensland. The Cairns area contains about 25 square kilometers of mangroves. The mangrove ecosystem is important as a nursery for marine life, especially fish. Mangroves also protect coastal land against storm surges, reducing flooding and erosion. 

Coastal developments such as industrial and residential subdivisions, tourist facilities and marinas pose a potential threat to mangroves and water quality of the surrounding waterways. The lower reaches of Moore’s Gully Creek at Trinity Park, Cairns, were dredged deeper and wider in the early 1980’s for a canal development that never progressed further. However a new residential, marina and resort development is planned for the flat land near Earl Hill just upstream of this area. Construction work started on this development in mid 1997, but was halted temporarily due to the wet season, concerns about acid soils and the economic downturn. Large scale developments such as the Earl Hill project have the potential to cause pollution in downstream waterways. This can adversely affect aquatic fauna as well as the flora and fauna of the adjacent mangroves.

Aims

The aim of this study was to assess the level of pollution in a small mangrove waterway, namely Moores Gully Creek. This particular mangrove area within Trinity Park has been recently threatened by developments, so the study also aimed to gather baseline data and gain a better understanding of the mangrove ecology through detailed transects, observations and creating a simple food web.

 Methods

Study Area

Situated in the tidal zones of Moores Gully Creek, the study site was a small area of diverse mangroves in the suburb of Trinity Park, Cairns (Figure 1). Upstream from its entrance into Half Moon Creek, water samples were taken from a meander of Moores Gully Creek just downstream of a canal, which had been dredged and widened over 15 years ago.

Preserved Specimens

Specimens of several different mangrove plants were collected from the study area; including leaves, stems, flowers and fruits where present. A simple dichotomous key was used to identify the genera, and all specimens were identified to species level using mangrove identification books, Lear & Turner (1977) and Wightman (1989).

Specimens were pressed between several sheets of newspaper in a plant press, with at least one leaf or leaflet turned over. The paper was changed daily for a week and then every second day for another two weeks. This prevented fungal spores germinating and consuming the specimen. Due to the nature of mangroves and their salty secretions, most leaves fell off the specimens during the drying process. The dried specimens were glued onto A4 paper and a label affixed in the bottom right-hand corner of the page. The label included collector’s name, location and identification (family, genus and species). 

Water Quality

Water samples were tested for dissolved oxygen content, temperature, acidity (pH), density and salinity. Air temperature, tidal conditions and cloud cover were also noted. Results were taken by each of the four groups and afterwards a class average calculated and used for final analysis.

Temperature: Readings were taken using a digital thermometer.

Dissolved Oxygen: To determine the levels of dissolved oxygen, a scientific kit was utilised. The general procedure involved adding chemicals to the water samples in the form of tablets. Once the powder was dissolved, a specific quantity of solution was taken and then an indicator was added with an eye-dropper. The exact number of drops taken to clear the discoloured water solution was noted, and afterwards a graph was used to find the dissolved oxygen content of the original water sample.

Acidity: Although the original intention was to measure pH with a small digital mechanism, we were forced to use pH indicator paper as the machine failed to work. Ascertaining the approximate level of acidity was simply a matter of dipping the indicator paper into the water samples and matching the colour on a pH colour chart.

Density: A hydrometer was used to ascertain density measurements. For accurate readings, the beer hydrometer was placed carefully into the center of the large cylindrical measuring flask, which was filled with the water sample.

Salinity: Once the density was established, the measurement was converted into salinity percentage with the aid of a basic line graph (see Figure 1).

Transect

The transect (A to A’) chosen for a detailed study ran 50m north from the waters edge into an area of mangrove forest (Figure 6). At each 10 metre interval along the transect, the following parameters were noted: light penetration, substrate, abundance of species, maximum height as well as other relevant observations. The data recorded were represented pictorially as a transect profile of species showing density and height, with light penetration and substrate firmness depicted as associated line graphs.

Light penetration: Light penetration was estimated from the amount of light reaching the substrate. The measurement was a digit between 1 and 5 (see Figure 6).

Substrate: Similarly, the firmness of the substrate was judged by how far individuals sank into the mud (see Figure 6).

Abundance of species: The dominant mangrove species were identified and the percent of the population they accounted for was estimated. Likewise, the percent of other species present were recorded. 

Maximum height: The height and genus of the tallest tree was important to estimate as it assisted with the transect diagram. 

Other: Note was also made of the types of roots and pneumatophores, areas of regrowth, density of vegetation and any animal species present. 

Food Web

A simple food web was drawn from observations and assumptions made within the mangroves at the study area. 

Results

Water Quality

The following averages were derived from the results.

· Air Temperature: 19.2 oC

· Water Temperature: 29.35 oC

· Dissolved Oxygen: 4.575 g/L

· Acidity: 6.42 pH

· Density: 1.010

· Salinity: 1.3 %
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Transect

Perhaps the most remarkable feature of mangrove vegetation is the often-unmistakable zonation. Mangrove zones are basically areas of different species composition, which are usually named after the dominant species and occur in bands along the tidal zones. Within the study site, the transect profile demonstrated a typical example of Queensland mangroves. Within the 50 meters, three basic zones were recognised in the following order from the bank: Rhizophora, Ceriops and Bruguiera. According to a photograph dated 1985, some of the mangroves in the study area, and possibly within the transect profile, were once cleared. Perhaps the area of dead Rhizophora situated along the shoreline were actually logged rather than killed by natural causes, and the low and open patches of mangrove were regrowth.

Other interesting features of the transect were light penetration and substrate firmness. The firmness of the mud showed a consistently gradual trend from A to A’. Surprisingly though, the mud actually became sloppier as the transect ran away from the creek bank. This is probably because the creek banks were higher than the substrate inland. On the hand however, the trend of light was very variable and unpredictable, ranging from dappled patches of light to open areas, throughout the transect. These results reflect the fairly exposed patches of mudflats between 20 and 40m along the transect.

Preserved Specimens

A detailed description, including drawings of the various parts of the plant to further enable field identification, is provided for three chosen species (Acrostichum speciosum, Ceriops tagal var. australis and Rhizophora stylosa). A more comprehensive collection including 8 additional species collected from the study area is also presented. Photographs of the three chosen species and other photos of mangroves showing their habits are included (Plates in Appendix C). 

Overall the various genera of mangroves are readily identifiable, especially when using habit, root and trunk structure, leaf shape and fruit or hypocotyl. Identifying the species within some of the genera was more difficult, especially as some depended on the flowers. Twelve species of mangroves were observed to be present in the study area (Appendix A). There are possibly more species present at the study area as about 27 species have been recorded in the Cairns region (Appendix A).

Food Web

Several species of animal, including crustaceans, molluscs, insects, spiders, fish and birds, were observed in the study area (Appendix A).  The mangrove and estuarine ecosystems are rich in fauna and many more animals are likely to occur in the study area. Although this page was not necessary for the assignment, observing, researching and depicting the food web was an interesting exercise. Despite their appearance, mangroves are indeed a rich and diverse ecosystem.

Discussion
Water Quality

Essentially, the results collected were analysed mainly through use of graphs and tables (See Figures 1 to 5 and Table 1). Using these figures it was made possible to compare the relationships between different parameters. More importantly however, the level of pollution was accessed based on results and observations.

Temperature: Temperature readings were relatively unimportant, however it was interesting to witness that water temperature was generally higher than air temperature. This outcome is rarely the case in fresh water, but typical of exposed estuaries in the tropics.

Dissolved Oxygen: Unfortunately the testing and recording of dissolved oxygen was cancelled after week 4 due to inconsistency between group results – dissolved oxygen is notoriously difficult to calculate. However, an average (4.475 g/L) was calculated and a graph clearly confirmed that dissolved oxygen content falls with an increase in water temperature (See Figure 5).

Acidity: Over the duration of the study period, the water samples had a pH ranging from 6.2 to 6.6 (See Table 1).  This relatively acidic water is quite characteristic of mangrove waterways as the mangrove mud which dissolves in the estuaries is comprised of acid sulphates.  However, the trend of results over the testing period led towards further interpretation. Evidently, the decrease in pH or rise in acidity, occurred shortly after the sharp increase in rainfall during week three (See Figure 4). This suggests the rainfall washed the acid sulphates from exposed mudflats into the creek where the sediments dissolved in the water.

Density: As proved by a science practical early this year, density has a direct relationship with salinity (See Figure 1). Although this is quite obvious, it was necessary to include a linear graph for reference purposes.

Salinity: The results for Salinity were arguably a little inaccurate as recordings ranged from 0.5% to 1.8% (See Table 1). Nevertheless, results were analysed using graphs and a logical relationship with rainfall was established (See Figure 2). Known as an inverse relationship, the level of salinity clearly decreased after the rainfall rose sharply. Seemingly, the great increase in fresh water entering the creek had a large influence on the level of salt content. Another influence on salinity is tidal run; however, according to the findings this had little affect on the density of the water. Perhaps some of the salt entering the tidal creek was dissolved in the freshwater upstream from land run-off, rather than from the sea.

Conclusion

Fundamentally, the reason for the study was to assess the level of pollution in the study area. After finishing the study however, there was a certain realisation that very few of the results were of any relevance to pollution. In fact, the majority of results were of little value, other than the discussions of trends over the study period. Fortunately though, the level of acidity served as an indicator as did on-site observations.

As evidence insinuated, Moores Gully Creek has been relatively unaffected by recent developments… on the surface at least. The study site appeared reasonably unpolluted other than the occasional plastic bag or aluminium can, which were probably left behind by careless visitors. Although the creek is subject to run-off from residential areas, especially along the canal (See Appendix B), little rubbish and no liquids such as oil were seen floating in the water. Also reassuring was the observation of abundant fish life in the creek and it remains a popular fishing site for locals. 

More controversial however was the level of dissolved oxygen and pH in the water samples. According to a handout, anywhere between 1 to 5 ppm of oxygen will accommodate a few animals including shrimp, but not enough to sustain fish life. Disturbing as it may seem, the average dissolved oxygen content came to 4.58 ppm. This outcome is likely to be inaccurate because of apparatus, but perhaps there is some truth to this indication. On the other hand, acidity results were likely to be far more accurate than oxygen content and averaged pH 6.42. Although this result is within acceptable levels, too much acidity can be catastrophic to aquatic life. It is believed that the leaching of acids from the mangrove mud may possibly have come from the exposed mudflats cleared for development (See Appendix B).

As far as the future is concerned, Moores Gully Creek will probably continue to be subject to further development. There has been little discrepancy over the extent to which the creek has been jeopardised, and it will be imperative  for future classes to monitor the area through similar means. As far as most are concerned, the situation will only get worse as time progresses.
Bibliography

Beach Protection Authority, (1984) Mulgrave Shire Northern Beaches. Beach Protection Authority, Qld.

Breeden, S., (1973) A Natural History of Australia: Tropical Queensland, Collins, Australia.

Burchill Bate Parker & Partners, (1991) Rainbow Harbour Impact Assessment Study. BBP&P Pty Ltd, Queensland.
Cairns City Council, (undated) The Jack Barnes Bicentennial Mangrove Boardwalk, Pamphlet, Bolton Inprint, Cairns.

Lear, R., and Turner, T., (1977) Mangroves of Australia. Uni of Qld Press, Brisbane.

Slater, P., Slater, P. and Slater, R., (1986) A Field Guide to Australian Birds. Rigby Publishers, N.S.W.

Wilson, B. R. and Gillett, K. (1979) A Field Guide to Australian Shells. Reed Pty Ltd, Australia.

Wightman, G., (1989) Mangroves of the Northern Territory. NT Botanical Bulletin No.7, CCNT Australia.
� EMBED Excel.Sheet.8  ���





� EMBED Excel.Sheet.8  ���





� EMBED Excel.Sheet.8  ���





� EMBED Excel.Sheet.8  ���








� EMBED Excel.Sheet.8  ���








[image: image6.wmf]Rainfall vs. Salinity

0

50

100

150

200

250

300

350

400

1

2

3

4

5

6

Week

Rainfall

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

Salinity

Rainfall (mm)

Salinity (%)

[image: image7.wmf]Dissolved Oxygen vs. Temperature

0

1

2

3

4

5

6

1

2

3

4

Week

Dissolved Oxygen

0

5

10

15

20

25

30

35

40

Temperature

Dissolved Oxygen

(mg/L)

Temperature (Degrees

C)

[image: image8.wmf]Rainfall vs. Water Temperature 

0

50

100

150

200

250

300

350

400

1

2

3

4

5

6

Week

Rainfall

0

5

10

15

20

25

30

35

40

Water Temperature

Rainfall (mm)

Water Temperature

(Degrees C)

[image: image9.wmf]Density vs. Salinity

0

1

2

3

4

5

6

0.99

1

1.01

1.02

1.03

1.04

Density (g/mL)

Salinity (%)

[image: image10.wmf]Acidity vs. Salinity

5.9

6

6.1

6.2

6.3

6.4

6.5

6.6

6.7

1

2

3

4

5

6

Week

Acidity

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

Salinity

Acidity (pH)

Salinity (%)

_952449939.xls
Chart8

		11		34

		43		33.1

		345		23.4

		85		26

		10		31

		7		30



Rainfall (mm)

Water Temperature (Degrees C)

Week

Rainfall

Water Temperature

Rainfall vs. Water Temperature



Sheet1

		





Sheet1

		11		34

		43		33.1

		345		23.4

		85		26

		10		31

		7		30



Rainfall (mm)

Water Temperature (Degrees C)

Week

Rainfall

Water Temperature

Rainfall vs. Water Temperature



Sheet2

		11		1.8

		43		1.5

		345		1.2

		85		0.5

		10		1.5

		7		1.5



&A

Page &P

Rainfall (mm)

Salinity (%)

Week

Rainfall

Salinity

Rainfall vs. Salinity



Water Graph

		Week		Rainfall (mm)		Water Temperature (Degrees C)		Salinity (%)

		1		11		34		1.8

		2		43		33.1		1.5
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				Andrew Noske

				Water Data Sheet - TAS

				Date		Result Type		Dissolved Oxygen (mg/L)		pH		Temperature				Density		Salinity (%)		Tidal Run		Cloud Cover

												Water		Air

		1		2/12/98		Our Group		4.5		6.5		34		33		1.013		1.8		Out		Medium

						Class Average		4.5		6.5		34		33		1.013		1.8		Out		Medium

		2		2/19/98		Our Group		5		6.7		33.6		33		1.01		1.35		Out		Medium

						Class Average		4.8		6.6		33		33		1.01		1.5		Out		Medium

		3		2/26/98		Our Group		5		6.4		23.4		23.1		1.008		1		In		Heavy

						Class Average		5		6.5		23.4		23.1		1.008		1.2		In		Total

		4		3/5/98		Our Group		4.5		6.1		26		25		1.004		0.5		Out		Heavy

						Class Average		4		6.2		26		26		1.004		0.5		Out		Heavy

		5		3/12/98		Our Group				6.3		31						1.5

						Class Average				6.3

		6		3/19/98		Our Group				6.5		30		31		1.01		1.2		Out		Heavy

						Class Average				6.4		30		31		1.01		1.5		Out		Heavy
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Density Graph

		Week		Rainfall (mm)		Water Temperature (Degrees C)		Salinity (%)								Dissolved Oxygen (mg/L)		Temperature (Degrees C)

		1		11		34		1.8								4.5		34

		2		43		33.1		1.5								4.8		33

		3		345		23.4		1.2								5		23.4

		4		85		26		0.5								4		26

		5		10		31		1.5

		6		7		30		1.5

				Rainfall (mm)		Salinity (%)

				11		1.8

				43		1.5						DENSITY		SALINITY
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				Table 1

				Water Quality Data

				Date		Result Type		Dissolved Oxygen (mg/L)		pH		Temperature				Density		Salinity (%)		Tidal Run		Cloud Cover

												Water		Air

		1		2/12/98		Our Group		4.5		6.5		34		33		1.013		1.8		Out		Medium

						Class Average		4.5		6.5		34		33		1.013		1.8		Out		Medium

		2		2/19/98		Our Group		5		6.7		33.6		33		1.01		1.35		Out		Medium

						Class Average		4.8		6.6		33		33		1.011		1.5		Out		Medium

		3		2/26/98		Our Group		5		6.4		23.4		23.1		1.007		1		In		Heavy

						Class Average		5		6.5		23.4		23.1		1.009		1.2		In		Heavy

		4		3/5/98		Our Group		4.5		6.1		26		25		1.004		0.5		Out		Heavy

						Class Average		4		6.2		26		26		1.004		0.5		Out		Heavy

		5		3/12/98		Our Group		N/A		6.3		31				1.011		1.5				Medium

						Class Average		N/A		6.3		31				1.011		1.5				Medium

		6		3/19/98		Our Group		N/A		6.5		30		31		1.009		1.2		Out		Heavy

						Class Average		N/A		6.4		30		31		1.011		1.5		Out		Heavy

				Overall Averages				4.58		6.42		29.57		29.22		1.010		1.33		N/A		N/A
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		Week		Rainfall (mm)		Water Temperature (Degrees C)		Salinity (%)								Dissolved Oxygen (mg/L)		Temperature (Degrees C)

		1		11		34		1.8								4.5		34

		2		43		33.1		1.5								4.8		33
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				Table 1

				Water Quality Data

				Date		Result Type		Dissolved Oxygen (mg/L)		pH		Temperature				Density		Salinity (%)		Tidal Run		Cloud Cover

												Water		Air

		1		2/12/98		Our Group		4.5		6.5		34		33		1.013		1.8		Out		Medium

						Class Average		4.5		6.5		34		33		1.013		1.8		Out		Medium

		2		2/19/98		Our Group		5		6.7		33.6		33		1.01		1.35		Out		Medium

						Class Average		4.8		6.6		33		33		1.011		1.5		Out		Medium

		3		2/26/98		Our Group		5		6.4		23.4		23.1		1.007		1		In		Heavy

						Class Average		5		6.5		23.4		23.1		1.009		1.2		In		Heavy

		4		3/5/98		Our Group		4.5		6.1		26		25		1.004		0.5		Out		Heavy

						Class Average		4		6.2		26		26		1.004		0.5		Out		Heavy

		5		3/12/98		Our Group		N/A		6.3		31				1.011		1.5				Medium

						Class Average		N/A		6.3		31				1.011		1.5				Medium

		6		3/19/98		Our Group		N/A		6.5		30		31		1.009		1.2		Out		Heavy

						Class Average		N/A		6.4		30		31		1.011		1.5		Out		Heavy

				Overall Averages				4.58		6.42		29.57		29.22		1.010		1.33		N/A		N/A
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Water Graph

		Week		Rainfall (mm)		Water Temperature (Degrees C)		Salinity (%)

		1		11		34		1.8

		2		43		33.1		1.5

		3		345		23.4		1.2

		4		85		26		0.5

		5		10		31		1.5

		6		7		30		1.5

				Rainfall (mm)		Salinity (%)

				11		1.8

				43		1.5						DENSITY		SALINITY

				345		1.2						1		0

				85		0.5						1.007		1

				10		1.5						1.015		2

				7		1.5						1.022		3

												1.03		4

												1.037		5





Sheet3

		

				Andrew Noske

				Water Data Sheet - TAS

				Date		Result Type		Dissolved Oxygen (mg/L)		pH		Temperature				Density		Salinity (%)		Tidal Run		Cloud Cover

												Water		Air

		1		2/12/98		Our Group		4.5		6.5		34		33		1.013		1.8		Out		Medium

						Class Average		4.5		6.5		34		33		1.013		1.8		Out		Medium

		2		2/19/98		Our Group		5		6.7		33.6		33		1.01		1.35		Out		Medium

						Class Average		4.8		6.6		33		33		1.01		1.5		Out		Medium

		3		2/26/98		Our Group		5		6.4		23.4		23.1		1.008		1		In		Heavy

						Class Average		5		6.5		23.4		23.1		1.008		1.2		In		Total

		4		3/5/98		Our Group		4.5		6.1		26		25		1.004		0.5		Out		Heavy

						Class Average		4		6.2		26		26		1.004		0.5		Out		Heavy

		5		3/12/98		Our Group				6.3		31						1.5

						Class Average				6.3

		6		3/19/98		Our Group				6.5		30		31		1.01		1.2		Out		Heavy

						Class Average				6.4		30		31		1.01		1.5		Out		Heavy
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Water Graph

		Week		Rainfall (mm)		Water Temperature (Degrees C)		Salinity (%)

		1		11		34		1.8

		2		43		33.1		1.5

		3		345		23.4		1.2

		4		85		26		0.5

		5		10		31		1.5

		6		7		30		1.5
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				Andrew Noske

				Water Data Sheet - TAS

				Date		Result Type		Dissolved Oxygen (mg/L)		pH		Temperature				Density		Salinity (%)		Tidal Run		Cloud Cover

												Water		Air

		1		2/12/98		Our Group		4.5		6.5		34		33		1.013		1.8		Out		Medium

						Class Average		4.5		6.5		34		33		1.013		1.8		Out		Medium

		2		2/19/98		Our Group		5		6.7		33.6		33		1.01		1.35		Out		Medium

						Class Average		4.8		6.6		33		33		1.01		1.5		Out		Medium

		3		2/26/98		Our Group		5		6.4		23.4		23.1		1.008		1		In		Heavy

						Class Average		5		6.5		23.4		23.1		1.008		1.2		In		Total

		4		3/5/98		Our Group		4.5		6.1		26		25		1.004		0.5		Out		Heavy

						Class Average		4		6.2		26		26		1.004		0.5		Out		Heavy

		5		3/12/98		Our Group				6.3		31						1.5

						Class Average				6.3

		6		3/19/98		Our Group				6.5		30		31		1.01		1.2		Out		Heavy

						Class Average				6.4		30		31		1.01		1.5		Out		Heavy





		






