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PREFACE 

The Great Barrier Reef is a marine ecosystem that is recognised worldwide for its unique 
biological and physical features. It is by far the largest single collection of coral reefs in 
the world and biologically supports one of the most diverse ecosystems known. 

The Great Barrier Reef Marine Park includes most of the Great Barrier Reef region and 
the Reef was added to the World Heritage List in 1981. The Great Barrier Reef Marine 
Park is a multiple-use protected area with zoning plans and permits for different activities 
being the main tools for Reef management. The Great Barrier Reef region supports direct 
economic activity estimated to be worth in excess of $1 billion annually to Australia. 
Demands are rapidly increasing for information about, and access to, the Reef and its 
resources by tourists, other recreational users, commercial fishing and mariculture 
industries. 

The large and growing economic and social values of the Great Barrier Reef demand an 
improved scientific knowledge base to allow Reef users and managers to make more 
informed decisions, so that benefits can be maximised in a sustainable manner and costs 
minimised, while preserving the Reef's unique biological and physical features. The 25 
year Strategic Plan for the Great Barrier Reef World Heritage Area, with both 5 year and 
25 year objectives, has been developed recently by a process involving all users and 
interest groups. 

Knowledge about the Great Barrier Reef from natural, social and economic research is an 
essential part of decision making for ecologically sustainable development. In the early 
1970s, research effort in the Great Barrier Reef underwent a major shift - essentially from 
earlier expedition-type enterprises to institutionally based projects and programs. The 
Great Barrier Reef Conference held in Townsville in 1983 captures a summary of this 
work and provides a valuable baseline of information. But much of the early information 
comprised small bites or building blocks of vital knowledge with little integration possible 
across scientific disciplines. Physical and natural science predominated with minor 
mention of social, economic and engineering research. 

Thirteen years later, ideas on reef management and use have changed considerably, as has 
the knowledge from research. The present Conference sought to examine two key 
questions: 

Firstly, how reef science has adapted to reflect these changes. 

Secondly, what we have learnt in recent years that will enable sustainable reef-based 
industries and economic activity, and provide an improved scientific basis for 
management and decision making of the Great Barrier Reef as a World Heritage Area. 

The Conference provides a review of major scientific findings and concepts over the last 
decade, purposely integrating information across research on key issues. The mixture of 
keynote, invited and contributed papers provides a good basis of record and discussion. 
Putting 'people' into the equation through enhanced social science research is a notable 
step forward, along with higher effort in engineering research. However, research on 
economics and indigenous use/involvement remain under represented. 



Volume 1 of the Proceedings contained keynote and invited papers. Volume 2 contains a 
selection of contributed papers, which were represented at the conference by posters 
prepared by the same authors. Abstracts are included, in a separate section, for other 
posters. A full list of posters presented at the conference, and their authors, is listed at the 
back of this volume, as is a list of delegates. 

The work of the Organising Committee (Jan Crossland, David Yellowlees, Terry Done, 
Don Alcock, Jon Brodie, Peter Valentine, Kirstin Duke, Peter McGinnity) and graduate 
students; the sponsors - and the enthusiastic response of authors - ensured that the 
Conference delivered and recorded a new information base useful to existing and future 
Reef researchers, managers and users, and conservation and other interest groups. 

Chris Crossland 
Chair, Organising Committee 
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Section 1 

Contributed Papers 



S E S S I O N  1 

Land use influence 
and nearshore processes 

and pressures 



The distribution of sediments and nutrients throughout the 
Whitsunday Islands inner shelf region, Great Barrier Reef 

Steve G B l a k e  
Environmental Geochemistry Group, Research School of Earth Sciences, Australian National Universit), 
ACT 2600 
Present address: Environmental Science Section, Environmental Resources h~ormation Network, 
Department of the Environment, Sport and Territories, Canberra ACT 2601 

A B S T R A C T  

Various physico-chemical parameters are described and quantified along a seven 
site gradient of riverine discharge in the Whitsunday Islands inner shelf region of 
the Great Barrier Reef. A gradient of decreasing suspended solids concentrations, 
turbidity, 813C values, percentage terrigenous matter, total organic matter and 
silicate away from the Proserpine and O'Connell Rivers is observed. However, 
offshore repositories of some metals (Cu, As, Zn, Cr and Mn) and TP mainly exist 
in the leeside protected embayments in the southern and central Whitsunday 
Islands region and within the protected mainland embayments. Strong macro-tidal 
currents in the Repulse Bay and southern/central Whitsunday Islands region 
maintain much of the clay-sized material in suspension in the water column, the 
suspended load being deposited only in the quiescent settings of leeside 
embayments (southern and central Whitsunday Islands regions) and also wherever 
the meso-tidal currents are strongly reduced in velocity (northern regions). 

Sediment grain size controls the distribution of metals, nutrients and organic 
matter. Nutrients (P and N) and organic matter concentrations occur in higher 
abundances in the marine environment than is found on land, indicating that this is 
their main depositional site. The long distance transportation of nutrients 
(especially P) from the catchment sources has a significant influence on the 
geochemistry of the marine sediments of the Whitsunday Islands inner shelf 
region. In contrast, metals are typically found in lower concentrations offshore, 
however discrete repositories are still seen to exist in the marine environment 
associated with depositional settings. 

Macroalgae increasingly tend to dominate the benthic community composition in 
areas characterised by high nutrients/suspended solids concentrations, often at the 
expense of both hard and soft corals. Such a phase-shift to macroalgal dominance 
has occurred at the Repulse Islands in Repulse Bay. Turbidity (light limitation) is 
preferentially selecting for certain species in these 'harsher' environments (e.g. the 
Repulse Islands). However, at the majority of sites in the Whitsunday Islands region 
not characterised by such chronic turbidity, ecological processes are likely to be 
more important in shaping the benthic community patterns than are physico- 
chemical ones. 

I N T R O D U C T I O N  

A major threat to the inner shelf regions of the Great Barrier Reef is considered to come 
from land-based sources, specifically those coastal catchments adjoining the Great Barrier 
Reef where agriculture (both grazing and cropping) is practised (Johns et ai. 1988; 
Yellowlees 1991; Moss et al. 1992). Generally, the approach taken to date has been to 
analyse water quality in the rivers and in the offshore receiving waters. This 'cause and 
effect' approach relies on both the maintenance of long-term time series of water quality 
and also the capture of discrete 'events' such as cyclonic rainfall-induced floods. 
Geochemical studies provide information on terrestrial sediment provenance and dispersal 
patterns. 

The Proserpine region, settled in 1860, has a long history of sugarcane cultivation 
commencing in the late 1870s, a cane processing mill being established there as early as 



1897 (Proserpine Historical Museum Society 1988). Fertilisers have been used extensively 
on sugarcane plantations since the mid-1940s in north Queensland and the quantities of 
fertiliser utilised have been on the increase ever since. Estimates of current usage indicate 
that approximately 13 000 tonnes of fertiliser (mostly urea and phosphatic blends) are 
added per year in the Proserpine region alone. The estimate for the Proserpine-Plane 
catchments are 21 000 tonnes of nitrogen (N) and 3000 tonnes of phosphorus (P) per year 
(Steven 1995). Sugarcane and pastoral land for cattle grazing dominate the two catchments' 
land usage, with nearly 20% (17 500 hectares) of the Proserpine catchment's total area 
under sugarcane cultivation. 

The results of coral reef mapping in the Whitsunday Islands region have previously been 
described by van Woesik (1992) and Blake (1994). In general, the fringing reefs are 
observed to become more diverse and are seen to display more luxuriant growth forms the 
further northwards and eastwards you progress away from Repulse Bay. Coral/algal 
mapping was undertaken at seven sites along a transect moving away from the river mouths 
in 1993 by van Woesik, Tomascik and Blake (paper submitted). The accompanying 
physico-chemical information collected along the seven site transect is the subject of this 
paper. The aim of the study was to test whether there exists a discernible gradient of riverine 
discharge effects throughout the Whitsunday Islands region away from the mouths of the 
two rivers (Proserpine and O'Connell) which discharge into Repulse Bay. 

M A T E R I A L S  AND M E T H O D S  

Field sampling 
The field phase of the project commenced in January 1993 in conjunction with the 
coral/algal community mapping when water samples, bottom grab samples and sediment 
cores were collected, split and sub-sampled from 7 study sites to study several water column 
parameters (detailed in table 1), the surface and down-core distribution of grain-size, metals, 
nutrients and organic carbon (including 513C isotopes). The seven study sites are (with 
increasing distance away from the river mouths): The Repulse Islands; Cow and Calf Islands; 
Pine Island; Long Island; North Molle Island; Armit Island; Double Cone Island. 

The sediments in the cores were sub-sampled at 10 cm intervals. A suite of 156 surface grab 
samples were collected in order to detect the offshore extent of river flood plumes and the 
geochemistry of the Proserpine and O'Connell River catchments. Both the sediment cores 
and the grab samples were snap frozen immediately on recovery. Water sampling was 
continued at the seven study sites at bi-monthly intervals until July 1994. Nutrient, turbidity 
and suspended solids sampling of the water column at the study sites was also undertaken in 
the region between 1988 and 1992 and is fully described in Blake (1994). Inter-Ocean $4 
current meters were located at the base of the reef slope at each of the 7 study sites for a 
period of approximately one month. The current meters were located 1 metre above the sea- 
floor mounted on current meter stands. The current meters were programmed to record 
current speed, current direction and water depth twice an hour. 

Laboratory sampling 
The following determinations were undertaken on the sub-sampled core sediments and the 
grab samples: 

(a) Total N and P, total organic matter and mud content were determined from the 
bulk samples 
(b) Trace metals (AI, Cr, Mn, Fe, Ni, Cu, Zn, As, Cd and Pb) using a two-step 
sequential analysis technique on the < 0.063 mm fraction 
(c) Grain-size and calcium carbonate content 
(d) 513C isotopes and organic carbon content 
(e) Accelerator mass spectrometry (AMS) 14C dating and conventional 14C dating of 
the down-core charcoal fragments and small and largeshells respectively 
(f) Pore water Total N and P and sediment water content, pH and Eh 

513C and organic carbon determinations were also made on representative surface sediment 
samples in the vicinity of the Proserpine and O'Connell Rivers sediment plume pathway to 
delineate terrigenous dispersal in an offshore direction (Chivas et al. 1983; Chivas 1991). 
~513C and organic carbon determinations were processed at the Stable Isotope Laboratory, 
Research School of Earth Sciences, Australian National University. Water column dissolved 
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inorganic nutrient concentrations were measured at the Australian Institute of Marine 
Science and the New South Wales Environmental Protection Authority. Suspended solids 
(SSC) and chlorophyll a determinations were made at the Australian National University 
according to the methods of Strickland and Parsons (1972). Sediment metal and nutrient 
concentrations were determined in the AWT Hydro-Sedimentology Laboratories, Sydney. 

R E S U L T S  

Sediment, nutrient, metal and current data 
The results from the study are summarised in table 1 as mean concentrations/levels. The 
numbers of samples averaged to derive the mean values in table 1 are listed where n = the 
number of samples per site. Suspended solids concentrations (SSC) are measured in mg/L (n 
= 54). Turbidity is measured in NTU (n = 54). Chlorophyll a is measured in ~g/L (n = 54). 
Dissolved inorganic nutrients are measured in mM (n = 54). Sediment metal data is based 
on the fine fraction (< 0.063 mm) only (n = 4). Sediment nutrient data are based on bulk 
samples (n = 4). All sediment metal and nutrient data are expressed in mg/Kg. All pore 
water nutrient data are measured in mg/L (n = 4). Current velocity values (both mean and 
maximum) are expressed in cm/sec (n = 1344). Sedimentation rates are in mm/yr (n = 4). 

These data indicate that the highest levels of suspended solids and turbidity are found in the 
Repulse Bay region. This finding is supported by the silicate results which indicate the most 
terrestrial input is directly into the Repulse Bay region. The organic carbon, 513C stable 
isotope, percentage terrigenous versus carbonate and the sediment metals data indicate that 
the terrigenous sediment derived from the Proserpine and O'Connell Rivers is in fact 
accumulating at a greater rate in the southern and central Whitsunday Islands regions as 
opposed to Repulse Bay. This conclusion is supported by the sediment total P and 
sedimentation rate data, the highest rates occurring in the protected leeside island 
embayments of Long Island and at North Molle Island. The macrotidal currents in Repulse 
Bay are not as conducive in allowing direct sediment deposition and uninterrupted 
accumulation as occurs in the protected mainland and island embayments to the north of 
Cape Conway. The highest current velocities (both mean and maximum values) occur at Site 
1 (Repulse Islands) and Site 5 (North Molle Island). Sites 2, 3 and 4 displayed very similar 
current velocities. Sites 6 and 7 displayed the lowest current velocities. 

Sediment TKN values vary little throughout the study region but are generally highest in 
those regions where tidal currents are weakest. Relatively enhanced concentrations of NO3 
exist in the Repulse Bay and North Molle Island regions where tidal currents are the 
strongest. The results indicate that the sediments are probably the main source of dissolved 
N species and that tidal currents are likely to be responsible for promoting this process. 
Chlorophyll a levels are seen to increase where dissolved inorganic N levels are high and 
correspond with low SSC and reduced turbidity such as occurs at Long Island and North 
Molle Island. This same trend has previously been described in the region (Blake et al. 
1994). Elevated chlorophyll a levels are not seen at the Repulse Islands, Cow and Calf 
Islands and at Pine Island probably as a result of the reduced light penetration due to 
enhanced turbidity (Walker 1981; Kirk 1983; Grobbelaar 1985). 

The Repulse Islands communities 
At the Repulse Islands a few small stunted coral colonies are growing on the shallow rocky 
slopes. There is a high macroalgal cover (65-70%) comprising large fleshy species, whilst 
the hard coral and soft coral cover account for 4% and 7% of the total space respectively. 
Visibility on SCUBA is normally between 0.1--0.3 m. Hard coral species recovered to date 
have been very small encrusting forms exhibiting stunted morphologies. Massive Porites 
spp. core samples collected display a hummocky growth form combined with a very dark 
skeleton, indicating sediment incorporation during growth. The density bands are very close 
together which suggests very slow growth at this location. Forty-one species of scleractinian 
and alcyonarian corals have been identified from the Repulse Islands. 

The number of genera recorded at the Repulse Islands was low compared with sites to the 
north but was not statistically significantly lower. Genera belonging to the Families Faviidae 
(especially), Dendrophylliidae, Siderastreidae and Poritiidae dominate the hard coral 
community composition of the Repulse Island Group. The following species are particularly 
abundant at the Repulse Islands: Montipora spp., Turbinaria frondens, Goniastrea favulus, 
Goniastrea australensis, Pocillopora damicornis. All these species are known for their 
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Table 1. Summary of water column, surficial sediment, down-core nutrient/metal and 
current velocity results from the seven study sites. All values are site means. 

SSC 
Turbidity 

Chl a 
Si(OH)4 

PO4 

NO3 
NOz 
NH4 

Mud % 
TOM % 

H20% 
pH 
Eh 

TKN 
Pore Water 

TP 
.Pre Water 

Nt ",.r ;e,(; 3 ;  

~;~,,.:IS I altl'll$~, 

Cu 
Zn 
As 

9.7 
7.3 

0.88 
5.44 

0.20 

0.21 

0.05 

0.97 

28.1 
9.5 

30.55 

8.0 
37.0 
6.83 

0.27 

:i-)s!~indslZ 
7.0 
5.2 

0.86 
5.11 

0.20 

0.19 

0.10 

1.81 

32.2 
7.8 

29.35 

7.2 
-230.0 
8.36 

0.33 

P i n e  . .  Lo.n,g ~ Nor th  .":'  Armi t  
~-i!!i~[ahd -Isi:~'tt .>! , : M o i l e - :  I s l a n d : :  
-:-/"~-':~'" .it :> .i: .:" . : ,  I M a n d .  : .... , 

6.2 4.8 3.3 
4.7 3.7 2.5 

0.83 
4.97 

0.19 

0.19 

0.07 

0.73 

23.1 
7.7 

30.70 

7.4 
95.2 
7.61 

0.30 

1.07 
4.12 

0.19 

0.18 

0.06 

0.62 

33.42 
6.6 

35.27 

7.3 
-29.5 
7.74 

0.32 

1.21 
3.05 

0.20 

0.26 

0.07 

1.22 
30.2 
6.0 

30.24 

7.9 
73.8 
5.93 

0.13 

2.3 
1.8 

0.40 
2.08 

0.19 

0.15 

0.02 

0.65 

27.9 
4.4 

27.96 

7.1 
97.4 
3.26 

0.04 

D o u b l e  
C one ,  

, , Is land 
2.1 
1.6 

0.3t 
1.93 
0.17 

0.19 

0.02 

0.62 

12.7 
2.8 

26.00 

7.4 
110.4 
2.11 

0.03 

AI 55440.27 48010.10 52058.91 49645.83 52051.85 40328.20 34351.52 
Cr 53.94 56.71 55.04 58.63 56.81 49.40 38.87 
Mn 335.98 347.88 326.94 332.20 332.84 296.68 291.54 
Fe 28005.69 25103.82 26242.50 27552.14 25765.49 19152.34 14558.31 
Ni 22.47 22.96 23.05 48.04 22.15 17.98 17.66 

20.58 18.41 40.33 45.94 37.25 21.14 18.55 
54.74 54.73 51.16 75.71 49.66 40.70 36.01 
4.54 7.52 4.97 5.79 4.27 4.94 2.57 

CA 3.10 3.76 3.48 3.20 3.38 3.36 3.45 
Pb 11.49 11.08 1t.13 17.88 11.62 9.19 10.26 

TKN 422.98 535.78 463.66 403.27 292.89 282.03 407.41 
938.22 TP 1011.57 854.09 1032.46 826.51 771.07 613.70 

813C -16.85 -19.23 -17.31 -18.09 -16.17 -16.54 -16.37 
(I M) 
%OC 1.07 0.35 0.26 0.79 0.79 0.74 1.77 
(1 M) 
~i13 C -19.21 -19.04 -18.08 -18.76 -16.32 -17.18 -16.42 

(0.5 M) 
%OC 1.64 0.44 0.30 0.91 0.90 1.39 1.99 

(0.5 M) 
% Terrig. 59.6 70.2 65.2 55.7 51.0 49.4 44.5 
% Carb. 39.0 29.8 34.8 44.3 49.0 50.6 55.5 

26.8 26.0 9.8 

48.1 

no data 

37.8 

91.2 

0.4-0.8 

61.4 

0.8-1.1 

63.7 

33.0 

81.3 

Mean 
current vel. 
Maximum 

current vel. 
Sedn. rate 0.4-0 .6  0.3-0.7 

25.0 

59.2 

0.3-0.6 

10.9 

49.7 

no data 

hardiness (via active and passive sediment rejection strategies) in muddy environments 
subjected to large tidal ranges (Veron 1986; Stafford-Smith and Ormond 1992). 

Two elevated fossil micro-atolls present at the Repulse Islands have diameters up to 1.5 m 
and have been 14C dated at 2320 + 70 BP and 2770 + 70 BP respectively (ANU Quaternary 
Dating Research Centre). The abundance of these well formed micro-atolls combined with 
their large size may be indicative of less harsh conditions within the bay approximately 
2500 BP. These dates also indicate a high sea-level stand approximately 1 m above present 
lasting until 2500 BP in agreement with the dates reported in McLean et al. (1978), Polach 


