
TABLE OF CONTENTS 

Page 
EXECUTIVE SUMMARY ......................................... i 
TABLE OF CONTENTS ......................................... iii 
LIST OF FIGURES ............................................ . V 

LIST OF TABLES .............................................. V 

LIST OF ABBREVIATIONS ...................................... Vi 

ACKNOWLEDGEMENTS ........................................ vii 

CHAPTER 1:INTRODUCI’lON 
1.1 INTRODUCTION 1 ........................................ 
1.2 BACKGROUND INFORMATION ........................... 4 
1.2.1 The study area ................................. .., ....... 4 
1.2.2 Hydrography and Hydrodynamics ............................. 4 
1.2.3 Anthropogenic Influences ................................... 6 
1.2.4 Sewage Disposal ....................................... . . 6 
1.25 Re-development ......................................... 6 
1.4 GENERAL EXPERIMENTAL DESIGN .. :. .................. .7 

,1.4.1 Rationale .............................................. 7 
1.4.2 Objectives of Pilot Study ................................... 7 
1.4.3 Overall Objectives of study .................................. 8 
1.4.4 Sources of Variation ...................................... 8 
1.4.5 Constraints ............................................. 9 
1.4.6 General Sampling Design ................................. 9 
1.5 GENERAL METHODS .................................. 10 
1.51 Variables measured ...................................... 10 
1.5.2 Sample Collection ....................................... 10 
1.5.3 Site Selection .......................................... 11 
1.5.4 Timing ............................................... 11 
1.5.5 Weather conditions ...................................... 11 
1.6 STATISTICAL ANALYSIS ................................ 12 
1.6.1 Analysis of variance ...................................... 12 
1.6.2 Power analysis .......................................... 12 
1.6.4 Multi-variate analysis ..................................... 12 

CHAPTER 2: TEMPORAL STUDY 
2.1 
2.1.1 
2.1.2 
2.1.3 

2.1.4 
2.1.5 
2.1.6 
2.1.7 
2.2 
2.2.1 

2.2.2 

2.2.4 

MATERIAL AND METHODS ............................. 13 
Objectives ............................................. 13 
Variables ............................................. 13’. .. 
Experimental Design ..................................... 14 
(i) 24 hour study ...................................... 14 
(ii) Die1 Study ........................................ 14 
Site Selection .......................................... 14 
Timing ............................................... 14 
Sampling Strategy ....................................... 16 
Analysis .............................................. 16 
RESULTS ............................................ 
24 hour study .......................................... 

:; 

(i) Components of Variation ............................. 17 
(ii) Analysis of Power ................................... 17 
(iii) Multi-variate analysis ................................. 17 
Die1 Study ............................................. 18 
(i) Components of Variation ............................. 18 
(ii) Analysis of Power ................................... 18 
Summary of Temporal Variation ............................ ,19 

. . . 
111 



CHAPTER 3: SPATIAL STUDY 
3.1 MATERIAL AND METHODS 

Page 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27 

3.1.1 Objectives . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27 
3.1.2 Variables . . . . . . . . . . . . . . . . . . . . . . . . ..# . . . . . . . . . . . . . . . . . . . 27 
3.1.3 Experimental Design . . . . . . . . . . ..*........................ 27 
3.1.4 
3.1.5 
3.1.6 
3.1.7 
3.2 
3.2.1 
3.2.2 
3.2.3 

- 
1 Site Selection - ... ....................................... 28 

Timing ............................................... 28 
Constraints ............................................ 28 
Analysis .............................................. 28 
RESULTS ............................................ 30 
Components of Variation .................................. 30 
Analysis of Power ....................................... 30 ” 
Multi-variate analysis ..................................... 31 

CHAPTER 4: DISCUSSION 
4.1 SUMMARY OF WATER QUALITY PARAMETERS ............ 38 
4.1.1 Nitrate and Nitrite ....................................... 38 
4.1.2 
4.1.3 
4.1.4 
4.1.5 
4.1.6 
4.1.7 
4.1.8 
4.1.9 
4.1.10 
4.1.11 

Ammonium ............................................ 38 
Dissolved inorganic nitrogen ................................ 39 
Orthophosphate ......................................... 39 
Total Phosphorous ....................................... 40 
Total nitrogen ......................................... 40 
Particulate nitrogen ...................................... 40 
Dissolved oxygen and temperature ........................... 41 
Suspended solids ........................................ 41 
Chlorophyll a .......................................... 41 
Biological Oxygen Demand ................................ 42 
GENERAL DISCUSSION ................................. 44 
SAMPLING AND MEASUREMENT PROBLEMS .............. 46 

APPENDICES 
1 Analytical methods ...................................... 53 
2 Analysis of Variance results ................................ 55 
3 Raw Data ........................................... ..5 8 



FIGURE 
1.1 
1.2 

2.1 
2.2 

2.3 

2.4 

3.1 
3.2 

3.3 

3.4 

LIST OF FIGURES 

Page 
Locality map of Green Island . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
Local hydrodynamic patterns around Green Island . . . . . . . . . . . . . . . . . . 5 

Map of sampling locations for the temporal study . . . . . . . . . . . . . . . . . 15 
Plot of multi-dimensional scaling results and classification 
analysis from the temporal study . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24 
Graphs of pooled mean concentration of Nitrite+Nitrate, Ammonium and 
Dissolved Inorganic nitrogen over the 24 hour sampling study . . . . . . . . . 25 
Graphs of pooled mean concentration of Phosphate, Total nitrogen 
and Total Phosphorous over the 24 hour sampling study . . . . . . . . . . . . . 26 

Map of spatial sampling locations around Green Island . . . . . . . . . . . . . 29 
Plot of multi-dimensional scaling results and classification 
analysis from the spatial study. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35 
Graphs of pooled mean concentration of Nitrite +Nitrate, Ammonium and 
Dissolved Inorganic nitrogen over the 24 hour ,sampling study . . . . . . . . . 36 
Graphs of pooled mean concentration of Phosphate, Total nitrogen 
and Total Phosphorous over the 24 hour sampling study . . . . . . . . . . . . . 37 

LIST’ OF TABLEiS 

TABLE Page 
1.1 Summary of tidal and weather conditions . . . . . . . . . . . . . . . . . . . . . . . 11 

2.1.a Summary of ANOVA results of Nutrients in the 24 hr study .......... 20 
2.1.b Summary of ANOVA results of physical and biological parameters 

in the 24 hour study ....................................... 20 
2.2.a Summary of ANOVA results .of Nutrients in the Die1 study .......... 21 
2.2.b Summary of ANOVA results of physical and biological parameters 

in the Die1 study ......................................... 21 
2.3 Summary statistics of Nutrient parameters by time period ............ 22 
2.4 Summary statistics of parameters by habitat ...................... 23 

3.1 Description of sampling locations ............................. 28 
3.2.a Summary of ANOVA results for Nutrients in the spatial study ........ 32 
3.2.b Summary of ANOVA results for physical and biological 

parameters in the spatial study ............................... 32 
3.3 Summary statistics of parameters by depth ....................... 33 
3.4 Summary statistics of water quality parameters by location ........... 34 

c 
4.1 Summary of mean values by for spatial and temporal studies ......... 43 

V 



General 
AIMS 
ANOVA 

iati 
GBR 
GBRMPA 
MDS 
NFR 
SD 
S.E. 
% 

LIST OF ABBREVIATIONS 

Australian Institute of Marine Science 
Analysis of variance 
approximately 
Flow injection analyser 
Great Barrier Reef 
Great Barrier Reef Marine Park Authority 
Multi-dimensional scaling 
Non Filtrable Residue 
standard deviation 
standard error 
percent 

Chemical Abbreviations 
BOD, Biological Oxygen Demand over $ days. 
ChlU Chorophyll a 
DIN Dissolved Inorganic Nitrogen 

is? 
AIllUlOIlillIll 

NO”, 
Nitrite 
Nitrate 

PO4 Orthophosphate 
PN Particulate Nitrogen 
TN Total Nitrogen 
TP Total Phosphorous 

Units of Measure 
“C degrees Celsius 

iit. 
centimetres 
hectares 

YS 

metres 
lites per second 

n-y/’ milligrams per litre 
m /d cubic metres per day 
p;$//l gram atom per litre 

Mitiomolar 
PPt parts per thousand 
blank no data recorded 
m Missing value 

nb. Totals may not represent the sum of individual values due to rounding. 


