
Long-term Chlorophyll 
Monitoring in the 

Great Barrier Reef Lagoon: 
Status Report 1, 19934995 ” 

A D L Steven, F Pantus, D Brooks 
Great Barrier Reef Marine Park Authority 

L Trott 
Australian Institute of Marine Science 

A REPORT TO THE GREAT BARRIER REEF MARINE PARK AUTHORITY 



0 Great Barrier Reef Marine Park Authority 1998 

ISSN 1037-1508 
ISBN 0 642 23056 0 

Published October 1998 
by the Great Barrier Reef Marine Park Authority 

The opinions expressed in this document are not necessarily those of 
the Great Barrier Reef Marine Park Authority. 

National Library of Australia Cataloguing-in-Publication data: 

Long-term chlorophyll monitoring in the Great Barrier Reef 
Lagoon : status report 1,1993-1995. 

Bibliography. 
ISBN 0 642 23056 0. 

1. Chlorophyll - Queensland - Great Barrier Reef - Analysis. 
2. Water - Sampling - Queensland - Great Barrier Reef. 3. 
Environmental monitoring - Queensland - Great Barrier Reef. 
I. Steven, A. D. L. (Andrew David Leslie), 1962- . II. 
Great Barrier Reef Marine Park Authority (Australia). 
(Series : Research publication (Great Barrier Reef Marine 
Park Authority (Australia)) ; no. 55). 

I 363.73940943 

GREATBARRIERREEF 

PO Box 1379 
Townsville Qid 4810 
Telephone (07) 4750 0700 



I I 
~ 

, I I  I  

CONTENTS ” 0 ’ 
SUMMARY . . . . . . . . . . . . . . . . . ..-............-.............................................................................................................. 1 

1. INTRODUCTION .......................................................................................................................... 3 
1.1 Program Overview ............................................................................................................. .... 

I ’ 1.2 Report Scope 
‘, 3 

........................................................................................................................... 3 

I : 

1 ‘PART ONE: DESIGN CRITERIA AND SAMPLING PROTOCOLS FOR THE 
GREAT BARRIER RE?ZF MJTRIENT STATUS MONITORING NETWORK . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 

.... 2. NETWORKDEFINITION ....................................................................................................... 7 ..... 
2.1 Rationale: Is the Great Barrier Reef at Risk?. ................................................................ .: ..... .7 

i 2.1,l Responsibilities, agreements and costs.. ...... .:.............................................................. 8 
1’ 2.1.2 Scientific uncertainty .......................................................................... . ....................... .8 

2.1.3 The known risks: Eutrophic case studies 9 . ” . ..................................................................... 
2.1.4 Historical and future changes in adjacent land use.. ................................................. .10 

3, 2.2 Environmental Context: The Great Barrier Reef Region.. .................................................. .10 
2.2.1 Spatial diversity ........................................................................................................ .lO 
2.2.2 Temporal variation.. .................................................................................................. .13 

2.3 Monitoring Nutrient Status in the Great Barrier Reef Lagoon: Conceptual Criteria...........1 3 
I, 2.3.1 Operational and statistical criteria.. ........................................................................... .13 

2.3.2 Indicator selection: chlorophyll as a nutrient status bioindicator ...................... . ....... 14 
2.3.3 Phytoplankton in ‘the Great Barrier Reef and their responses to nutrient 

availability ................................................................................................................ .14 
2.3,4 Monitoring and modelling for management ............................................................. .15 

3. NETWORK DESIGN .................................................................................................................. .17 
3.1 Objectives and Scope ........................................................................................................... 17 
3.2 Roles and Responsibilities .................................................................................................. .17 
3.3 Sampling Frequency.. ........................................................................................................ :..17 
3.4 Sampling Locations.. ........................................................................................................... .17 
3.5 Limitations, Flexibility and Review of Network ............................................................... ..2 2 
3.6 Integration with other Monitoring Studies ........................................................................... 22 

‘. 
I, 

4. SAMPLING AND DATA PROTOCOLS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23 
4.1 Sampling Strategy and Parameters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ; . . . . . . . . 23 
4.2 Data Handling and Assurance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..24 
4.3 Statistical Analysis and Reporting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25 

PART 2: CHLOROPHYLL MONITORING IN THE GREAT BARRIER REEF LAGOON: 
1993-1996 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...................... 27 

I  5. ‘LIZARD . . . . . . . . . . . . . . ..*-.......................................................................................................... : . . . . . . . . . . . . 29 
5.1 Cluster Description . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29 
5.2 Hydrographic Conditions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . :...29 

1 5.3 Chlorophyll Concentrations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ;32 

6. PORTDOUGLAS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36 
,I ’ 6.1 Cluster Description . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36 

6.2 Hydrographic Conditions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36 
6.3 Chlorophyll Concentrations 

, 
38 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

i. CAIRNS 44 ................................................................................................................................... ...... 
7.1 Cluster Description ............................................................................................................... 

t 7.2 Hydrographic Conditions 
44 .;I,, 

..................................................................................................... 44 

. . . . 
111 



7.3 Chlorophyll Concentrations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47 

8 .. TOWNSVILLE ............................................................................................................................. 51 
8.1 Cluster Description ............................................................................................................... 51 
8.2 Hydrographic Conditions ..................................................................................................... 51 
8.3 Chlorophyll Concentrations ................................................................................................. 53 

9. KEPPEL BAY AND CAPRICORN ............................................................................................ 57 
9.1 Keppel Bay ........................................................................................................................... 57 

9.1.1 Cluster description ..................................................................................................... 57 
9.1.2 Hydrographic conditions ............................................................................................ 57 
9.1.3 Chlorophyll II concentrations ..................................................................................... 59 

9.2 Capricorn .............................................................................................................................. 63 
9.2.1 Cluster description ..................................................................................................... 63 
9.2.2 Hydrographic conditions ............................................................................................ 63 
9.2.3 Chlorophyll (L concentrations.. .................................................................................. .64 

10. SUMMARY AND ASSESSMENT .............................................................................................. 68 
10.1 Spatial Patterns.. .................................................................................................................. .68 
10.2 Temporal Trends .................................................................................................................. 70 
10.3 Program Assessment ............................................................................................................ 73 

10.3.1 Network design ........................................................................................................ .73 
10.3.2 Sampling and data protocols.. .................................................................................. -75 

ACKNOWLEDGMENTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..~..................... 76 

REFERENCES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ................ 77 



SUMMARY 

In 1992 the Great Barrier Reef Marine Park Authority initiated the Great Barrier Reef Nutrient Status 
Monitoring Network (hereafter the Network). The broad objectives of the Network are to document the 
nutrient status of regional waters within the Great Barrier Reef lagoon using chlorophyll a concentration 
as a proxy nutrient bioindicator. Chlorophyll Q is used in preference to routine nutrient analysis because 
(a) chlorophyll a integrates change in nutrient availability over time; (b) samples are comparatively 
simple to collect; and (c) chlorophyll a is comparatively inexpensive to analyse. The Network was 
conceived to be ongoing, and to complement and collaborate with a number of other existing monitoring 
programs to ensure comprehensive reporting of the status of the Great Barrier Reef (GBR). 

The purpose of this status report is twofold: (1) to detail the objectives, the design and sampling 
protocols of the Network, and (2) to describe the results from the first three and one-half years of data 
collection, and identify the major spatial and temporal trends in chlorophyll a concentrations. The report 
is descriptive, but provides a basis for further analysis of the data and reconsideration of the efficacy of 
the current Network design. 

The Network initially commenced in late 1992 with five regional (quasi-latitudinal) clusters: Lizard 
Island (14‘S), Port Douglas (15’S), Cairns (16’S), Keppel Bay and Capricorn (23‘S). Monitoring of 
further clusters of stations commenced off Townsville (18”s) in 1995, and off the Whitsundays (21’S) 
and in the Far Northern Section (13”s) in 1996. These clusters are not interconnected, nor spatially 
representative; some extend from close to the coast to the shelf-break, while others are confined to either 
inshore (< 20 km from the coast) or offshore waters. The choice of clusters was primarily dictated by the. 
availability of personnel who were contracted to undertake routine, long-term sampling. 

Within each cluster, five to eight GPS fixed stations are sampled at approximately monthly intervals. 
Two water samples are collected from near-surface waters for chlorophyll a determination. Concurrent 
near-bottom samples were also collected until mid- 1994, but discontinued on the basis of initial data 
analysis and increased operating costs. At each station, temperature, salinity and Secchi depth 
measurements are made and weather conditions noted. 

The results presented in this report cover the period January 1993 to July 1996, except for the Townsville 
cluster. To identify cross-shelf patterns, stations were nominally divided into inshore and offshore 
groups. Chlorophyll a concentrations at inshore stations were -twofold higher than offshore, but also 
much more variable. Inshore, median chlorophyll a concentrations in Keppel Bay and off Townsville 
were greater than 0.5 pg L” and often exceeded 1 pg L-’ at stations within 2 km off the coast. Offshore, 
median chlorophyll a concentrations varied between 0.17 ug L“ at Cairns and 0.36 pg L-’ in the 
Capricorn cluster. 

Chlorophyll a concentrations, averaged over all stations within a cluster, were greatest in Keppel Bay 
(0.76 pg L’) and the Capricorn (0.62 pg L’) clusters. High chlorophyll a concentrations were very patchy 
even between replicate samples; they probably result from Trichodesmium aggregations which were 
present in over 30% of observations. In all other clusters, mean chlorophyll a concentrations were 
0.26-O-42 pg L-‘, and Trichodesmium was observed in less than 8% of sampling events. Why these 
blooms are more frequent in southern GBR lagoon waters is unknown. Given the paucity of 
oceanographic data in this region, this finding is significant. 

Chlorophyll a concentrations were generally greater in summer (October-April inclusive) than winter 
(May-September). Seasonal differences were discernible at offshore stations, but were obscured by high 
temporal variability inshore. Chlorophyll a concentrations in the Lizard, Port Douglas, Cairns and 
Capricorn clusters were greatest in 1993 and decreased in the following two years. In contrast, 
chlorophyll a concentrations in the Keppel Bay cluster were greatest in 1995. Preliminary trend analyses 
found no significant changes in mean chlorophyll a concentration for any cluster. Consistent with the 
observed interannual patterns described above, a negative slope estimate at offshore stations indicated a 
decline in chlorophyll a concentration from 1993 to 1995. A drought persisted through 1991-95 and 
regional run-off was considerably below the long-term average. This may have contributed to the 
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observed temporal trends. However, it must be noted that several more years of data will need to be 
collected before trends can be reliably estimated. 
Lack of reliable hydrographic instrumentation and regular calibration prevented examination of the 
relationship of these observed spatial and temporal patterns in chlorophyll a concentration with 
temperature and salinity changes. Generally, short-term phytoplankton blooms rapidly followed changes 
in salinity resulting either from rainfall or riverine discharge, or from intrusions of upwelled water 
masses. No significant relationship between chlorophyll a concentration and Secchi depth was identified 
in any cluster. 
In summary, the routine collection of chlorophyll a data over such a large and important geographic area 
is an invaluable dataset. The data collected in the first three and one-half years demonstrate persistent 
cross-shelf and regional differences in chlorophyll concentration. Seasonal and inter-annual trends are 
generally consistent between regions. The nutrient status of GBR waters cannot, however, be inferred 
from these data, as clusters are not explicitly linked to regional nutrient input data. The spatial and 
temporal patterns identified do, however, provide a basis for redesign of the Network and reallocation of 
sampling effort. This is essential if the Network is to infer long-term changes in the nutrient status of the 
GBR lagoon. Specific recommendations include: 

Clear, explicit objectives are needed before any redesign takes place. These should include both 
broad strategic objectives for the maintenance of ‘water quality’ within the GBR lagoon, as well as 
specific technical objectives for the measurement of chlorophyll and inference of nutrient status. 

Explicit links to putative nutrient sources should be made. Monitoring stations should be linked to 
other ongoing catchment and river monitoring (e.g. Queensland Department of Environment and 
Heritage, Queensland Department of Natural Resources, Australian Institute of Marine Science). 

Techniques linking chlorophyll a concentrations to nutrient status have not been defined. This has 
been a major hindrance to the interpretation of the data. Technical expertise should be sought in 
developing these relationships and models. 

Other bioindicator techniques such as primary productivity estimates should be considered as part of 
the Network. These measurements could be carried out most routinely by research station staff. 

Size fractionation of samples into picoplankton (< 2 pm) and phytoplankton (> 2 pm) would provide 
greater inference as to which species respond most readily to changes in nutrient availability. 

Remote sensing has the capacity to greatly extend the inferences made about spatial dynamics of 
regional chlorophyll a patterns. Both SEAWIFS and AIDOS will provide high-frequency coverage 
of the GBR region. The integration of this technology into the Network is recommended. 

Several specific changes to the clusters are recommended: (1) within the Lizard cluster, additional 
stations closer to the coast and to the shelf-break are needed; (2) Keppel Bay and Capricorn clusters 
should be linked with fewer stations concentrated around Keppel Bay and more between Keppel Bay 
and the Capricorn stations; and (3) initiation of a sampling cluster adjacent to the Johnstone and 
Russell-Mulgrave rivers should be considered. Intensive agriculture occurs on these catchments 
which are also the focus for a number of pilot land-use and run-off studies. 

A number of operational protocols need to be improved to ensure the integrity of the data collected and 
the continued participation of stakeholders. Specifically: 

l All clusters need to be provided with reliable equipment for the routine measurement of temperature 
and salinity. Regular recalibration is essential to ensure data integrity. 

l Samples should be transferred by collectors to AIMS for analysis more frequently. Samples should 
not be left any longer than one to two months before transfer. 

l Although publication of data and reports on the World Wide Web may be desirable, more rigorous 
quality assurance procedures need to be developed beforehand to ensure the integrity of the data; in 
particular the temperature and salinity data collected to date. 

l Future results need to be more readily available. Annual summaries of spatial and temporal patterns 
and quinnenium status reporting are recommended. 



1. INTRODUCTION 
I 

'1.1 PROGRAMOVERVIEW 

In 1992 the Great Barrier Reef Marine Park Authority (GBRMPA) initiated a water quality monitoring 
program for the Great Barrier Reef - the Great Barrier Reef Nutrient Status Monitoring Network. The 
broad objectives of the Network are to document the nutrient status of regional waters within the Great 
Barrier Reef (GBR) lagoon, and in the long-term, identify any significant trends which may result from 
adjacent land-use patterns. Chlorophyll a concentration was chosen as a proxy nutrient bioindicator 
because it integrates change in nutrient availability through time and is comparatively inexpensive and 
simple to collect. It was recognised that several years of data would need to be gathered before any long- 
term trends could be reliably distinguished. The Network was conceived to ideally expand as resources 
became available, and priority coastal areas are identified. It was to complement and collaborate with a 
number of other existing monitoring programs to ensure comprehensive status reporting of the GBR. 

The Network initially commenced with five clusters: Lizard Island (14’S), Port Douglas (15’S), Cairns 
(16‘S), Keppel Bay and Capricorn (23%). Additional clusters of stations commenced off Townsville 
(185) in 1995, and off the Whitsundays (21%) and in the Far Northern Section (13‘S) in 1996. The 
choice of stations was primarily dictated by the availability of personnel who could be contracted to 
undertake routine, long-term sampling in a reliable cost-effective manner. Within each cluster, between 
five and eight fixed sampling stations are sampled at approximately monthly intervals. Table 1.1 
summarises the overall design of the program. 

Table 1.1 Summary of the Great Barrier Reef Nutrient Status Monitoring Network objectives and framework 

Environmental context: 

Nutrient Indicator: 
Spatial scale: 

Temporal scale: 
Participants: 

Status and trend detection of changes in nutrient status of Great Barrier Reef lagoon 
waters 
To quantify regional and cross-shelf patterns of phytoplankton biomass (as chlorophyll 
a) and relate these to nutrient input and availability; and 
to examine temporal variability in phytoplankton biomass which may reflect changing 
episodic nutrient inputs to Great Barrier Reef shelf waters. 
Regionally and temporally heterogenous water mass affected by a variety of nutrient 
inputs and changing land-use patterns 
Chlorophyll u as an integrator of nutrient inputs and availability 
Regional network. Initially, five latitudinal clusters (14-23”s) with a total of 4 1 fixed 
sampling stations 
Monthly, ongoing 
Great Barrier Reef Marine Park Authority, Australian Institute, of Marine Science, 
Queensland Department of Environment and Heritage, Lizard Island and Heron ,Island 
Research Stations, Reef Biosearch Pty Ltd 

1.2 R~PORTS~~PE 

As this is the first report of the Network, its purpose is twofold: (1) to detail the existing monitoring 
program design, and (2) to summarise the results for the first three and one-half years of sampling 
(1993-1996). Accordingly, the report is presented in two parts. In Part 1, the logic and design of the 
Network are detailed. Sampling protocols, data handling and interpretation are documented. Part 2 
describes the hydrographic conditions and chlorophyll a concentrations from 1993 to 1996 in the Lizard 
Island, Port Douglas, Cairns, Townsville, Keppel Bay and Capricorn clusters. Spatial and temporal 
trends in chlorophyll a concentration are summarised. The analysis is necessarily descriptive, and does 
not attempt to infer nutrient status of the GBR. These results do, however, provide a basis for 
consideration of the efficacy of the current experimental design. 



PART 1 

DESIGN CRITERIA AND SAMPLING PROTOCOLS 

FOR THE 

GREAT BARRIER REEF NUTRIENT STATUS 

MONITORING NETWORK 

Part 1 of the report summarises the rationale, design and sampling protocols of the Network. Chapter 2 , 
(Network Definition) considers the management concerns for the potential of land-based sources to 
effect nearshore waters of the Great Barrier Reef. It describes the experimental and operational criteria 
which underpin the design of the Network. The choice of chlorophyll a as an integrative nutrient 
bioindicator and the expected responses to changing patterns of nutrient input are discussed. Chapter 3 
(Network Design) details the Network design: objectives; roles and responsibilities; sampling frequency; 
sampling locations. It discusses the limitations of the existing design and collaboration with other 
concurrent monitoring programs. Sample collection and data handling protocols are detailed in Chapter 4 
(Sampling and Data Protocols). 



2. NETWORK DEFINITION 

Maintenance of water quality is now one of the most critical goals challenging long-term management of 
the Great Barrier Reef Marine Park (GBRMP). The principal concern is the potentially negative effects 
of land-based sources of pollution on adjacent coastal mangrove, seagrass and coral reef communities. 
Increased loads of sediment and nutrient resulting from inappropriate or poorly managed land-use 
activities have the greatest potential to invoke regional degradation of these coastal ecosystems. Other 
persistent contaminants such as agricultural pesticides and herbicides, heavy metals, hydrocarbons and 
litter are of local concern. 

The increased supply to coastal waters of the essential nutrients nitrogen and phosphorus is perhaps the 
most insidious and controversial of these pollutants. There is widespread community and scientific 
concern that rapid development of the adjacent Queensland coast has substantially increased land-based 
nutrient inputs to near-shore waters. Biological demand for nitrogen and phosphorus by autotrophic 
communities is high, ensuring water column concentrations remain low (oligotrophic). Increases in 
nitrogen and phosphorus availability, either through ‘new’ inputs of nutrients or recycling, stimulate the 
primary productivity of benthic and nektonic communities. Sustained increased organic production 
resulting from enhanced nutrient supply is known as eutrophication. One of the first signs of the onset of 
eutrophication is an increase in the biomass of phytoplankton which are better able to assimilate higher 
loadings of nutrient than benthic primary producers. If increased water columu production persists it can 
compromise the functioning of underlying benthic autotrophic communities by attenuating light levels 
and favouring the dominance of filter-feeding species. 

Thus the reasons for maintaining or improving existing water quality of the Great Barrier Reef (GBR) 
water include: 

l maintaining water clarity for the functioning of phototrophic communities such as seagrasses and 
corals; 

l limiting the potential for overgrowth of corals by macroalgae and filter-feeders; 

l preventing excessive sedimentation which can smother benthic fauna incapable of removing 
unwanted particulate matter; 

l ensuring healthy functioning fisheries which can otherwise be deleteriously affected by changes in 
primary production; and 

l maintaining visual amenity, essential for the tourist industry. 

In 1992 the Great Barrier Reef Marine Park Authority (GBRMPA) initiated, with federal appropriations, 
a reef-wide ‘nutrient status’ monitoring program. Regular reporting on the nutrient status of the GBR 
was seen as an essential component in formulating environmental management strategies. As planktonic 
communities respond quickly to nutrient availability, they were considered a sentinel indicator of 
nutrient status. Such a program was consistent with recommendations by ‘The Coastal Zone Inquiry’ 
(Resource Assessment Commission 1994), and ‘The Marine Environment Conference‘ (Johnson and 
Neil 1996) which called for the establishment of a national coordinated system of monitoring programs 
for the Australian marine environment. The following three sections (2.1-2.3) examine the rationale and 
conceptual criteria for the design of such a monitoring program. 

2.1 RATIONALE: IS THE GREAT BARRIER REEF AT RISK? 

In assessing the risk of land-based sources of marine pollution to the integrity of the GBR, one must 
carefully consider the scale of the perceived problem in relation to commercial, cultural and recreational 
interests within and adjacent to the GBR. The Great Barrier Reef Marine Park Authority’s approach to 
the issue of land-based pollution is precautionary. It is based upon: (1) its national and international 
responsibilities; (2) the great uncertainty regarding the GBR’s resilience to continued anthropogenic 
inputs and demand for extractive resources; (3) this century’s unprecedented change in land use of the 
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adjacent catchment and the expected strong population growth into the new millennium; and (4) the 
known risks of eutrophication in other areas of the world. These issues are discussed below. 

2.1.1 Responsibilities, agreements and costs 

The natural beauty and rich biological diversity of the GBR is the basis for the proclamation of the 
Marine Park in 1975 and its inscription as a World Heritage Area in 1981. The Marine Park Authority is 
responsible for ensuring the GBR is afforded the best possible protection while allowing fair and 
reasonable use of this resource (Section 7 of the Great Barrier Reef Marine Park Act 1975). The 
minimisation of land-based sources of nutrients and sediments entering the Marine Park is one of three 
guiding outcomes for the Marine Park Authority’s Corporate Plan (1994a) and the 2.5year Strategic Plan 
for the Great Barrier Reef World Heritage Area (1994b). 

While the Great Barrier Reef Marine Park Act 1975 provides the GBRMP with the greatest degree of 
protection of any marine ecosystem in Australia, it cannot deal effectively with trans-boundary land- 
based pollution. Other instruments to achieving this goal include (1) collaboration with other agencies to 
manage across jurisdictional boundaries; (2) active extension and liaison with agricultural communities 
ranging from grass roots to peak bodies; and (3) endorsement of ‘best available’ technologies that lead to 
nutrient and soil loss reduction. At the same time the Authority, recognising the importance of 
understanding the processes controlling the loss, transport, fate and recycling of nutrients, has invested in 
targeted research and monitoring as a basis for improved decision making. 

Australia is a signatory of the United Nations Convention on Law of the Sea (UNCLOS) and the Global 
Program of Action for the Protection of the Marine Environment from Land-based Activities (GPOA) 
which commits members to take actions to prevent, control and reduce degradation of the marine 
environment. 

The GBR provides an estimated $1 billion in annual revenue to a diverse range of industries including 
fishing, tourism, shipping and research (Driml 1994). Any decline in the ‘health’ of the GBR could have 
serious repercussions for these industries. From overseas examples it is well known that the costs of 
remediation of marine areas can far outweigh the costs of mitigation. Plans to reduce nutrient loads from 
the top 100 ‘hot spots’ in the Baltic will cost an estimated ECU$lS billion. In Australia, an estimated 
Aus$60 million is spent annually on remediating eutrophic areas (Brodie 1996). Apart from the potential 
impact on the marine environment, sediment and nutrient loss constitutes a significant economic cost to 
the agricultural community. 

2.1.2 Scientific uncertainty 

The processes governing the GBR’s capacity to continue assimilating increased loads of terrestrially 
derived nutrient and sediment are poorly understood. Much of the evidence for eutrophication is 
speculative, and the correlation between nutrient input and the impact is not easily defensible - or 
disproved. Environmental factors operating at a variety of spatial and temporal scales, confound our 
ability to discriminate and set limits of acceptable change. Clear definitions of what constitutes a 
‘healthy’ ecosystem, and what is considered ‘good water quality’ are lacking - and perhaps unrealistic. 

In a series of publications, Bell and others (Bell 1992; Gabric and Bell 1993; Bell and Elmetri 1995) 
have advocated that the GBR is on the verge of widespread eutrophication. This conclusion is based on 
their studies at Low Isles which use the data from the 1928 British Royal Expedition (Marshall 1933) as 
a baseline. Significant increases in phytoplankton concentration, changes in phytoplankton class 
structure, and loss of hard corals on reef flats are claimed to be indicative of authropogenic 
eutrophication, the most likely cause of which is run-off from agricultural development (Bell and Elmetri 
1995). Others have taken the stand-point that there is as yet no evidence for regional eutrophication. 
Summarising a dataset of hydrographic conditions throughout the GBR spanning the last fifteen years, 
Fumas and Brodie (1996) concluded that dissolved and particulate nutrient concentrations are in general 
low and there is no evidence of regional eutrophication. Similarly, analysis of a 20-year dataset of 
chlorophyll a concentrations in the central GBR by Brodie et al. (1997) concluded there was no 
indication of any long-term increase in phytoplankton biomass. 

This divergence of opinion reflects in part the fact that comprehensive research has only been undertaken 
on the GBR in the last 20 or so years. However, even in well-studied ecosystems, scientific consensus on 
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the historical trends and causes of water quality degradation has been difficult to achieve. For ex’ample: 
Chesapeake Bay (D’Elia et al. 1992); Florida Bay (Lapointe and Clark 1992; Lapointe et al. 1994; 
Szmant and Forrester 1996); and the North Sea (Josefson 1990; Gray 1990). 

‘Equally disparate are the views taken over the role science should play in marine resource management 
and protection (Gray 1990, 1996; Gray et al. 1991; Stebbing 1992; Peter-man and M’Gonigle 1992; Buhl- 
Mortensen 1996). ,While most scientists maintain that science needs to remain objective, few would 
advocate that management should wait until further studies confirm with ‘scientific certainty’ that a 
‘problem’ exists. 

I 2.13 The knowg risks: Eutrophic case studies 

The growing number of enclosed or semi-enclosed coastal waters throughout the world that have become , 1 
‘culturally~’ eutrophic in recent decades are testimony to the risks of unmitigated terrestrial run-off (table 
2.1). They provide clear examples of the types of impacts, and the costs of remediation. Perhaps the most : 
obvious lesson learned from many of these studies is that little indication of change in nutrient status was 1 
detected before the rapid collapse of the ecosystem. 

Table 2.1 Effects of cultural eutrophication on benthic and nektonic communities in large coastal seas 

Asia 
Seto Inland Sea 

Hong Kong 

America ’ 
New York Bight 

Chesapeake Bay 

Florida Bay and 
Keys 

, T I . . . -  ~~ .  *  l c \c \c I  * vouenweiaer LYYL 

Europe 
Northern Adriatic 

Baltic 

North Sea 

Black Sea 

Area Nutrient load* 
103km2 

Putative marine impacts 
g m-’ yr-’ , 

.N P 

19.0 70.0 7.8 noxious algal blooms (Degobbis 1989); benthic anoxia 
and mortality (Justic 1987) 

373.0 4.3 0.3 increased benthic biomass (Josefson 1990); anoxia 
(Koop et al. 1990); decreased DlN:DSi (Rahm et al. 
1996) 

575.0 4.2 0.9 increase in phytoplankton biomass and composition, 
(Cadee 1986; Zevenboom et al. 1991); toxic algal 
blooms (Underdal et al. 1989) 

420.0 - - blooms of introduced phytoplankton and algae species 
anoxia; loss of fisheries (Mee 1992) 

2.3 8.2 0.8 

6.5 - - 

red tides, loss of fisheries (Goda 1992, Nakanishi et al. 
1992); 

loss of benthic fauna (Morton 1985) 

increase in phytoplankton biomass, benthic anoxia and 
fisheries collapse (Stoddard et al. 1986) 

3-5 fold increase in phytoplankton abundance over 40 
years (Harding 1994); loss of fisheries and benthic 
fauna and anoxia 

loss of coral, seagrass, mangroves and sponges, fish 
and shrimp catch (Lapointe and Clark 1992) 

The only regions comparable in size to the GBR (344 000 km*) are temperate - the North Sea (575 000 
km*) and .the adjoining Baltic (373 000 km*). Increases in phytoplankton biomass (Cadee 1986; 
Zevenboom et al. 1991), changes in class structure and blooms of noxious algae (Underdal et al. 1989) 
are some of the first documented signs of the onset of eutrophic conditions. In Chesapealce Bay, 
synthesis of a 40-year dataset of phytoplankton abundance demonstrated significant long-term increases 
. 
m surface chlorophyll a concentrations of up to 500%. Nutrient concentrations and ratios changed 
significantly from the 1960s as DIN concentrations -doubled and orthophosphate concentrations 
declined (Harding 1994). Similarly, synthesis of a range of monitoring programs off the coast of New 
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Jersey from 1948 to the present concluded that increased anthropogenic nitrogen loading had resulted in 
an increase in annual phytoplankton production of - 30% (Stoddard et al. 1986). 

Secondary effects, resulting from-increased production include increases in benthic biomass, particularly 
of large macrophytes and filter feeding organisms. Chronic eutrophication can result in benthic anoxia 
(Justic 1987; Koop et al. 1990) and fisheries collapse (Lee and Jones 1991). 

In tropical waters, small island nations with confined coastal embayments or lagoons are the most 
susceptible to increased nutrient and sediment loads. Examples include: the Caribbean (Barbados, 
Tomascik and Sander 1985; Belize, Lapointe et al. 1992; Bermuda, Lapointe and O’Connell 1989; 
Jamaica, Lapointe 1997), Florida Keys (Lapointe and Clarke 1992; Lapointe and Matzie 1996; Lapointe 
et al. 1994; 1997), Pacific Ocean (Kaneohe Bay Hawaii, Smith et al. 1981; Jakarta Bay, Tomascik et al. 
1994) and the Indian Ocean (Le Reunion, Montaggionni et al. 1994, Naim 1993; Seychelles, Littler et al. 
1991). There is some evidence that nutrients can directly impinge on coral growth (e.g. Kinsey and 
Davies 1979; Tomascik and Sander 1985, 1987a) and reproduction (e.g. Tomascik and Sander 1987b; 
Tomascik 1991; Ward and Harrison 1997), but more commonly reefs are overgrown by filamentous and 
macro-algae and filter-feeders, leading to profound changes in the community structure and functioning 
of reefs (e.g. Smith et al. 1981; Kinsey 1988). 

2.1.4 Historical and future changes in adjacent land use 
A number of studies provide evidence that present levels of nutrients and sediments entering the GBR 
lagoon are cause for concern (e.g. Gourlay and Hacker 1986; Valentine 1988; Moss et al. 1992; Neil and 
Yu 1995). The desktop study of Moss et al. (1992) estimated that in 1990, 15 million tonnes of sediment, 
77 thousand tonnes of nitrogen and 11 thousand tonnes of phosphorus were exported to coastal 
Queensland waters via river discharge. Present levels of nutrient and sediment discharge were estimated 
to be three to five times greater than prior to European settlement-the last 130 years. Much of the 
increase occurred in the last 40 years, when extensive deforestation of coastal catchments occurred and 
fertiliser use increased dramatically (figure 2.1). Fertiliser use has declined since the early 199Os, but 
significant areas of the coast are still being cleared for crops, particularly sugar cane (Pulsford 1993). 

Strong population growth and development is expected to continue along the adjacent north-east 
Queensland coast. By 2006, it is estimated Townsville, Cairns, the Whitsundays and Hervey Bay 
populations will have increased by more than 140% from 1986 census figures (Tarte et al. 1996). 

2.2 ENVIRONMENTAL CONTEXT: THE GREAT BARRIER REEF REGION 

No single location typifies the GBR as a whole. Rather, nutrient status must be assessed and monitored 
on a variety of scales. The following section overviews some of the spatial and temporal characteristics 
of the GBR. Recognition of this variability is essential, both in selecting sites for monitoring, and 
determining the frequency at which samples are collected. If not taken into account, these scaling effects 
can bias or confound the interpretation of data. 

2.2.1 Spatial diversity 
The 344 000 km* of the GBRMP extends 2000 km from Lady Elliot Island (24“3O’S) to the tip of Cape 
York Peninsula (lo”4 1’S). The Park encompasses some 2900 catalogued reefs most of which lie on the 
outer continental shelf (Hopley et al. 1989). Significant latitudinal variation in reef type and the degree 
of regional aggregation of reefs occurs. 

Between the reef matrix and the coastline lies a contiguous north-south body of open water commonly 
referred to as the GBR lagoon. The width of this open water increases from 18 km near Cape Tribulation 
(16’S) to 150 km at the entrance to Capricorn Passage (23”s). The lagoon has an estimated area of 128 
530 km*, or 36% of the Marine Park. It contains approximately 758 fringing reefs, many incipient reefs 
around high islands, and extensive seagrass beds (Poiner and Peterken 1995). Mangrove forests along the 
coast provide an important buffer to adjacent seagrass beds and coral reefs by trapping sediment, 
nutrients and other chemical contaminants. 
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