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EXECUTIVE SUMMARY

A pilot study was undertaken at Green Island in June 1989 to assess the spatial and
temporal variation of a range of water quality parameters. It was a precursor to the
implementation of a proposed baseline study of water quality around Green Island to

ensure the optimum allocation of sampling in a cost effective manner.

Water quality parameters were measured over a range of nested spatial and temporal
scales within the framework of three separate studies. Spatial variability was assessed
with respect to depth and habitat (reef flat and slope) and over a range of nested
horizontal scales; Locations (ca. 500 m); Sites, nested within locations (ca. 50 m), and
replicates nested within all of the above factors (ca. 1-5Sm). Significant differences in
concentration between locations (i.e. > 500 m) around Green Island were found for
most inorganic nutrients (NO2 + NOs3, NHg4, DIN, PO4). Diffc;rcnces between habitats .
(reef flat and slope) were important for DIN and for POs. Depth and site were not
important sources of variation for any of the parameters examined.

Higher values of DIN were recorded at locations (D & F) on the windward side of

Green Island, whilst the mean DIN concentration at location E on the north-eastern side

of the reef was significantly lower than other locations. Differences due to habitat were

considered potentially significant. It was considered that the potential for nutrients to
be modified as the water mass is advected across the reef should be addressed in the

| design of the baseline study.

Short term temporal variation was assessed over a 24 hour period sampling every 3
hours at two location on the reef flat and slope. Diel comparisons were made at the
same time over 3 days at the same locations. The temporal study demonstrated that
apart from DIN, time of day was not an important source of variation for most
parameters of water quality. Multivariate analysis suggested there were changes in
dissolved nutrient change consistent with tidal and diurnal cycles. Time periods
sampled around low tides had higher concentrations of DIN than those around high
tides. Sampling on different days was a significant source of variability for nitrogen
species.

Differences in nutrient flux between days and over larger time frames (i.e. seasons)
should be accounted for in the proposed sampling programme. Although diurnal

variation is not a potential source of variability, sampling should be conducted at a




similar time on every sampling occasion. Sampling is preferable around the high tide
for logistical reasons (i.e. boat handling). ' '

Cost benefit analysis indicated that the most efficient allocation of sampling was to
dispense with sampling sites or depth and to concentrate on replicates well dispersed
within locations thus effectively integrating spatial variation at scales of 5-10 m and 50-
70 meters.

It is proposed that the baseline water programme should sample surface waters at a
number of sites (defined by habitat type) along transacts running across the reef from
offshore. To account for temporal variability sampling would be carried out on two
field trips during the Winter and Summer with sampling on two alternate days on each
field trip. Sampling would be conducted around the diurnal high tide of every occasion.

No significant change in ambient water quality could be attributed to sewage discharge,
although phosphate levels were higher in the vicinity. Explicit studies are needed to
address this problem.

Values of the parameters measured were in the range of values reported from other
studies on the GBR.

The results of the pilot study cannot be interpolated to studies on high island fringing
reefs. For instance, factors such as bottom sediment type, resuspension, sediment
nutrient pool are likely to be different for a turbid fringing reef.

It was considered analytical problems and prohibitive costs made particulate nitrogen
and BODs unsuitable parameters to measure in the baseline study.

Standardisation of sampling methods between workers is recommended if results are to
be usefully compared. For example the use of filtration and filter type can have a
substantial effect on nutrient concentrations.

Techniques of multivariate analysis provide a useful way for examining patterns which
may not be apparent using univariate techniques.
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- CHAPTER 1: GENERAL INTRODUCTION

1.1 INTRODUCTION

Concern has been expressed that anthropogenic influences ranging from riverine input
carrying enhanced nutrient and sediment loads and agricultural fertilisers, to the more
localised activities of tourist facilities (sewage discharge, dredging) has resulted in the
degradation of inshore reefs in the Great Barrier Reef Marine Park (GBRMP).
However, there is a lack of background information on the quantitative effect of waste
water on Australian coral reef ecosystems. Case studies at Kaneohe Bay, Hawaii (Smith
et al., 1981) and ‘Barbados (Tomascik and Sander, 1985) have demonstrated the
deleterious effects of pollution and emphasized the importance of early detection and
management to preserve the coral reefs. The most effective means of achieving some

form of water quality control is through the setting of ambient water standards. If :

. anthropogenic influences on ambient water quality are to be detected, accurate baseline

levels of water quality parameters need to be determined. However, nutrients and a -

‘variety of related processes on reefs vary much more than is widely appreciated (Smith
“and Jokiel, 1975; Kinsey and Davies, 1979; Smith et al, 1981; D’Elia, 1989) over a
range of spatial and temporal scales. Recognising the complexity of coral reef systems,
" consideration of a range of large and local scale phenomena are required to adequately
determine changes in water quaﬁty which are due to natural processeses and those that
are anthopogenically induced. At a regional scale an understanding of the history-of the
water mass before it impinges upon the reef is necessary (river discharges, planktonic
blooms and oceanic upwellings). At a reefal scale, a detailed understanding of the
hydrological characteristics of the particular reef as well as the water residency and
velocity is necessary. Other factors requiring consideration include nutrient flux between
the benthos, sediments and sea water; nutrient input due to groundwater (Marsh, 1977)
or terrestrial runoff; and water circulation patterns due to embayments. With regard to
the input of anthropogenic material into receiving waters, or the effects of a
development, it is difficult to generalise and predict the effects that changes in waste
loadings may have on specific areas, or the cumulative effect over time.
Consequently, comprehensive, site specific baseline studies which determine the range
of natural changes which occur over space and time are needed if realistic accceptable

limits of change to the environment are to be defined.



o

The Great Barrier Reef Marine Park Authority (GBRMPA) recognises the need for an
integrated research and monitoring programme on the effects of nutrients and siltation
on the Great Barrier Reef (GBR). Such a programme has been discussed but its
implementation is dependent on funding approval. A soundly based pilot study which
facilitates the projection of optimal sampling designs is a necesssary pre-cursor to the
implementation of such a large, costly, baseline or monitoring programme. A pilot study
ensures the most powerful and cost effective design of a monitoring programme and
minimises within sensible logistical constraints, the chances of making erroneous
decisions about the presence or absence of environmental impacts (Mapstone et al.,
1989).

This pilot study was undertaken to examine the spatial and temporal variation in
ambient levels of a range of water quality parameters around Green Island and to
assess which ones best meet the requirements for assessing a change in the environment
in a logistical and cost effective manner. The longer term objectives of studying Green
Island was to collect baseline nutrient data so that comparisons can be made with the
regional geographic studies and with data collected during re-development activities.
Iinplicit is consideration of the consequences of changes in water quality on the
patterns and processes on the surrounding coral reef.




Figure 1.1. Locality map of Green Island.
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1.2 BACKGROUND INFORMATION

1.2.1 Study Area o _ N ; .

Green Island (16°59’S 145°59°E) lies ca. 27 kilometres north east of Cairns (Figure 1.1).
It is a vegetated sand cay surrounded by a lagoonal platform reef (Baxter, 1987). The
cay lies towards the the north-west corner of the extensive reef flat and is composed
mostly of sand and coralline rubble. It occupies an area of ca. 12 ha., the eastern 60 %
of which is National Park. Six private leases are held on the western side of the cay.
The largest of these is the site of the Coral Cay Hotel owned and operated by Great
Adventures Pty. Previously it had been owned by Hayles Pty. '

The reef itself occupies an area of 1200 ha. A shallow indistinct lagoon extends to the

north of the cay (Green Island Management Committee,1980). The reef flat is generally

at or near tidal datum, except to the north-west where there is a downslope dip. The

windward flat is clearly divisible into coral and sand zones, with the latter more
extensive on the leeward flat (Figure 1.1). Sea grass beds occur on the inshore flat to
the north and north west of the cay. They are also widespread over the the reef flat to
the east of the cay. |

Green Island is zoned Marine National Park B within the Cairns Section of the Great
Barrier Reef Marine Park. It has a Marine National Park Buffer Zone extending 500
metres out from the reef edge.

122 Hydrography and Hydrodynamics

The maximum tidal rangé is 3.1 metres with a spring tidal range of 1.7 metres. The
lowest tides occur during the daylight in winter and at night during summer (Green
Island Management Committee, 1980). Wolanski and Pickard (1985) and Black and
Gay (1988) demonstrated seasonal and interannual fluctuations in currents were due
to a local onshelf balance between winds and current in conjunction with fluctuations
in Coral Sea circulation (Baxter, 1987).

On a local scale, van Woesik (1989) using Eulerian and Langrangian dye tracer studies,
around the lee of the reef found that during north-east winds and a flooding tide the

predominant residual current flow was spiralling around the island in an anticlockwise

direction (Figure 1.2.c). During south-east winds and ebbing tide, currents flow towards

the north-west, with a retention area in the lee of the reef (Figure 1.2.b.). A similar

north-west flow occurs on the flooding tide with double spiralled eddies evident in the

lee of the cay (Figure 1.2.a).




‘Flgure 1.2. Local hydrodynamic patterns around Green lIsland
over different weather and tide conditions
(from van Woeslk, 1989).
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\ Flgvure 1.2.b. South-east winds
(4 w/s), Ebbing tide.

Figure 1.2.c. North-east winds
(2.5 ml/s).




1.2.3 Anthropogenic Influences

Green Island has had a long history of human occupation and has clearly been
subjected to mcreasmg dlsturbance from human activity. Tourism has been heavy and
has increased 5 fold since 1956 to ca. 150,000 visitors in 1978 (Baxter, 1987). In
addition the reef has been subject to two major outbreaks of the crown of thorns
starfish, Acanthaster planci in the last 25 years (1962-67, 1979-81). A combination of
these events has modified the reefal environment, resulting in a greatly reduced hard
coral cover. However, recovery in the form of diverse assemblages of Acropora spp.
coral colonies has been observed along the south-west and north-east slopes (van
Woesik and Fisk, pers. obs., September 1989). The lee of the Island supports a high
biomass of seagrass, whose presence has been attributed to anthropogenic factors
(Kuchler 1978, van Woesik 1989).

1.24 | Sewage Disposal ‘

The Coral Cay Hotel and the public toilets are connected to a sewerage system (Green
Island Management Report, 1986). Effluent is discharged from a detention tank
through an outfall pipe made of perspex, located at the low water spring mark on the
reef edge to the south west of the cay (Figure 2.1). Times of discharge are irregular as
the system operates on a floating point discharge. The sewage is untreated apart from
chlorination, with an average retention time of 2 hours (van Woesik, 1989) and an
estimated mean discharge rate of 100 m*/day (Bell, 1987). Water inlet and outlet pipes
for the Marineland Melanesia aquarium system lie on the reef flat to the north of the
cay (Fig. 1.1).

1.2.5 Re-development

With the recent change of ownership of the resort and the underwater observatory, a
$25 million re-development has been proposed. This includes the upgrade of all facilties
within the current lease boundaries, re-development of the cay beach and re-dredging
of the harbour. To comply with GBRMPA requirements chahges in the treatment of

waste water are proposed with provision for the implementation of a secondary
treatment plant.




1.3 GENERAL EXPERIMENTAL DESIGN

1.3.1 Rationale
Few water quality studies have been undertaken around Green Island, although at
present a study of water quality on a transect from the Barron River mouth out to
Green Island is in progress (Brady,' pers. comm.). Water samples have been collected
~ around Green Island as part of an ongoing projéct examining the effects of stress on
corals (Rasmussen, pers. comm.). The preliminary results of the water movement studies
undertaken as part of a multi-disciplinary study funded by GBRMPA suggested there is
the potential for sewage effluent to be retained by eddies, which are in proximity to the
areas of enhanced seagrass growth (van Woesik, 1989). In view of these results, the
commonly held belief that sewage discharge has contributed to reef degradation, and
~ the impending re-development of the resdrt, it was suggested that a detailed baseline
study of the levels of nutrients around Green Island be undertaken. A necessary pre-
cursor to such a study was a pilot study to determine the optimum allocation of
sampling in a cost effective manner. The proposed baseline study is detailed in
Appendix 1. As a number of other large water quality programmes are currently being
proposed, such a pilot study is especially timely. The objectives for both the pilot and
baseline studies are outlined below.

1.3.2 Objectives of Pilot Study

g) To assess the variability of a range of water quality parameters at local
spatial and small temporal scales around Green Island.

(2) - To evaluate which parameters are of most use in assessing water quality.

A3) To design a sampling programme for the proposed baseline study, based on
the results of this pilot study. |











































































































































































