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EXECUTI VE =~ SUMVARY

In response to a perceived problem regarding nutrient levels at
localised sites in the Geat Barrier Reef Mrine Park, GBRWA
held a Wrkshop on Nutrients in the Geat Barrier Reef Region on
26 and 27 Novenber 1987. COver forty participants attended the
Workshop, including researchers in the disciplines of biology,
chemstry, engineering, geology and oceanography as well as State
and Conmonweal th government water quality and nmarine park
manager s.

The Nutrient Wrkshop provided a forum for examnation of roles
and responsibilities regarding water quality; an opportunity for
discussion and interchange of ideas on a technical |evel
regarding research undertaken; and guidance to the Marine Park
Authority Ln relation to managenent of enhanced nutrients in the
Marine Park.

Ni neteen papers were presented on the first day of the Wrkshop
in relation to: coastal processes, effect of nutrients on coral
reef communities, nutrient distribution and fluxes, novenent and
chem cal processes.

On the second day participants were divided into three working
groups to discuss managenent issues and the need for research and
monitoring in: the Geen Island area, the Witsunday area, and
the inshore GBR Region. These working groups were valuable in
consolidating ideas .on the need for. concern. about nutrients in
the GBR Region and for advising on the future direction that
managenent shoul d take.

ROLES AND RESPONSI BI LI TI ES

Two main organisations are concerned with water quality
managenent in the GBR Region: GBRWMPA under the Geat Barrier
Reef Marine Park Act 1975 (OmMth) and Queensland

Counci T (QwWQC) under the Queensland Cean Waters Act 1971-82.

The Geat Barrier Reef Marine Park Act provides for the
regulation or prohibition of acts (whether in the Mirine Park or
el sewhere) which may pollute water in a manner harnful to plants

-
!rﬁ}\#i

Or animalS In the Marine Park. Those wshing to discharge
househol d, commercial or industrial waste into the Marine Park
need to apply for a permt. To date, in the absence of
alternative acceptable standards, ¢BrMPA has accepted Queensland
Water Quality Council guidelines for waste discharge in relation
to point source discharges from tourist resorts. The Marine Park
Authority also recognises a need to address non-point sources of
nutrients in the future.

The Queensland Cean Waters Act seeks to protect all waters
(underground, surface, and the sea, wthin Queensland) by
centrolling dischargeo r a1 1 kinds of waste capable of causing
pol lution, “"through two separate provisions: |licensing discharges
and "duty of care" provisions. Licensing is based on effluent
standards, and provides exceptions for septic tanks serving |ess
than 100 persons, stormmater run-off wuncontami nated by donestic
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sewage, and agricultural run-off. To date, the approach taken by
QN has been a problemoriented response. As with the Mrine.
Park Authority, regulation of non-point sources has not been -
attenpted.” Nutrient renoval from waste'occurs only in  highly
populated areas of south-east Queensland., |

COASTAL PROCESSES

A nunber of participants discussed the input of nutrients:from
mai nl and' sour ces.

Rasnussen established a relationship between nutrients in the
Barron Rver discharge and the Low Isles environnent by analysing
coral  cores.

N trogen appears to be the  nutrient limting phytopl ankton

biomass in pelagic shelf waters. The total 1l-year, nonthly nean
flows from all nmajor rivers from the Barron to the Burdekin were
summed in  Mtchell's studies, estimating that "10,000 tonnes of
NO, N is released annually along this coastal area. The need to
mo%itor flood events was stressed. Since mch of the river water
is constrained wthin the near-shore region (20 kilonetres

of fshore) by long-shore currents, Mtchell estimted that the
nitrogen flux from river inputs in nearshore regions 'could

account for as, nmuch as 50 per cent of the total N significantly
affecting phytoplankton productivity in the inshore GBR

Wile dissolved nutrientsmay be dispersed further from the
shore, Johnson's work indicates that nost nutrients attached to
suspended nmaterials are deposited initially close to shore, |
within 15 Kkilometres offshore in water depths of less than 20
metres.

‘Alongi indicated that nutrient fluxes from GBR sedinents are

naturally enhanced during periods of extensive river run-off- and
storm surges(cyclones) Whi ch generate sedi nent resuspension. |t
has been ©predicted that resuspension of 1 «centinetre of BR
inshore sedinent leads to noderate increases in water colum
nutrient concentrations, particularly for nitrogen species.

Concern regarding input of nutrients from nainland agricultural
lands were confirmed by Prove's research. Soil erosion rates in
a cane growng area of ~between 50 and 500 t/ha/year using

conventi onal cultivation techniques were found. Prelim nary
results indicate that concentrations in run-off water from farm
plots range from 84 to 1000 mg/L of total inorganic nitrogen and
1.6 to 34 mgs/L of inorganic phosphorus. "Erosion can be
significantly affected by zero tillage and residue retention
practices, but there is |little evidence to suggest that nutrient
concentrations would vary Dby adoption of conservative farming
practices.

Boto suggested that the ability of a mangrove system to absorb
and ameliorate nutrient inputs wll depend on placenent, timng,
quantities, and nature of such input. There is [little evidence
to suggest any appreciable net exchange between nangroves and
surrounding coastal waters in the tidally domnated systens, and
it is suggested that direct inputs of nutrients into these
mangrove waterways could lead to rapid and substantial

eutrophication, particularly where tidal flushing muy be limited.
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A paper by cosser included in the proceedings, but not presented 4
at the Wrkshop, sumarises the inputs from two different &
sources: point sources as continuous, insignificant quantities ¢
overal |, ut high loading in limted areas; and run-off which is

epi sodic, quantitati veldy significant, but generally |ow |oading
per unit area. In order to evaluate the relative inportance of
respective sources, information as to quantities, real and
temporal |oading characteristics, sinks, and the pathways of

bi ol ogical assimlation is required for each. He stressed the
inportance of storm flow in nutrient flux and attenpted to
estimate riverine phosphorus loading to the Cairns Section of the
Geat Barrier Reef Marine Park based on export coefficients
observed in southern Queensland, yet to be verified.

NUTRI ENT ~ MOVEMENT

A major source of enhanced nutrients is thus seen to be from

mai nl and sources and processes such as cyclones in the GBR Region
whi ch cause resuspension of nutrients. Wthin the system
nutrient novenent can be predicted to some extent.

Three main types of nutrient novenent were discussed by Wl anski:
through river floods, of a baroclinic coastal boundary |ayer of
width increasing northward and breaking up in patches;
circulation around reefs of non-buoyant nutrients which may

become traé)ped in lagoons and near separation points such as v
illustrated by the CORSPEX nodel; and buoyant nutrients |[ike N
sewage where waste is concentrated along topographically-

controlled fronts. &

Furnas discussed how nutrients are dispersed by water novement
and transforned by planktonic organisns. | nputs of nitrogenous
nutrients lead to increases in ph%/t_op_l ankton and can devel op
into bloonms within 2-3 days if sufficient nutrients are

avai |l abl e. However additions of nutrients to GBR waters may not
necessanlgea be observed as an increase in dissolved nutrient

| evel s. ther, local or regional increases in phytoplankton

bi omass would be an obvious sign. Such enhanced phytopl ankton
biomass |evels would affect coral reefs either through increases
in 'surplus’ water colum phosphate concentrations, or indirectly
in community changes resulting from shading, sedinentation, and
proliferation of benthic filter feeders.

EFFECT ON OCRAL REEF COWIN TIES

A large proportion of the papers dealt with effects of nutrients
on coral reef conmmnities. |t has been established, primrily in
overseas studies, but also in research undertaken on the GBR
that corals have a low tolerance to elevated nutrients.

Kinsey’s experiments at One Tree Island illustrated that addition
of nutrients N and P on a daily basis over 8 nonths increased
primary productivity but had no visible effects on the community
structure. However, coral calcification rates had reduced by 50 -
60 per cent. Suppressed comunity calcification will result in
decreased real growh and structural nmaintenance. 1t seens that




generate, |Inpose a chroni cstress leavin

I X ‘ ‘ .

reefs may tolerate elevated nutrient levels well above the

natural range for significant periods of tine. In this situation

the nutrients, and the organic |oading (ph%t opl ankton) which they,
' [ g the reef vulnerable to

non-recovery after an acute event such as freshwater input, crown

of thorns kill and coral bleaching events. ,

Coral 'cores were analysed b?/ Rasnussen for phosphate' levels on an
historical basis. Through Ilaboratory experinments she has shown
that increased phosphate flux contained in mainland run-off _
hindered the abrlity of corals to operate at equilbrium resulting
in alteration to the crystal norphology of the coral skeleton,
decrease in skeletal density, and increase in skeletal fragility.

Morrissey described the nutrient history of the Coral Reef Tank
at the GBR Aquarium by follow ng tenporal changes in nitrate
concentrati ons. Hgh nortality rates of scleractinian corals,
especially Acropora, occured at times of elevated nitrates,
with w despread death at above 2.5 uyM (of nitrate). when corals
are at their tenperature tolerance limts, they are nore
susceptible to stress by high nutrient |evels.

Connell proposed a prelimnary set of tolerance levels of corals
to nutrients, suggesting that a:20 per cent decrease in growh
rate should be deened the threshold level for coral. Primarily
based on overseas studies, he indicated that an increase in total
Fhosphorus_ and nitrogen of 2 to 3 tinmes background |evels can
ead to increased plankton productivity, higher sedinmentation
rates, benthic algal enhancenent, and coral death.

A conservative approach to tolerance levels of corals due to the
synergistic effects of phosphorus and nitrogen were espoused by
Bel | ‘and Geenfield. Level s corresponding to a 10 per cent
increase in background p P0,and inorganic N were reconmended
performance standards. 4

Their evidence inplies that denitrification and phosphorus

renoval are necessary treatment requirenents if acceptable |evels
of waste discharge after dilution are to be achieved in the
vicinity of coral reefs. Managenent strategies are discussed,
however, significant effort is required to "gather relevant
evidence on both mcroscale and nacroscale effects of nutrients

in the Geat Barrier Reef Marine Park before major changes in
managenent are inplenented.

Richards has nonitored a reef that is being used by a tourist
operation and expressed concern that, observed increased algal
growh may have been related to enhanced nutrient |evels:

Coral and al gae are not the only reef'biota affected bY;enhanced S
nutrients. Rasnussen, for exanple, is investigating a 1link
between 'crown of thorns and enhanced nutrients.

zann’s nultidisciplinary study of the ecology, hydrography and
fisheries of.a lagoon in Tonga illustrated the catastrophic

effects of recentgeologic wuplifting, intensive fishing and,
particularly, i ncreased-nutrient discharge directly and through
‘the groundwater. resulting from urbani'sation and changes in land
use.
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Wrk by R sk |ooked at the relationship between increased coastal
roductivity at nearshore reefs, and accelerated bioerosion W
eading to weakening of the coral community. | sotopic tracer N
met hods appear to be powerful tools in the study of coral

met abol i sm

Jones' work concerned nobilisation of toxic netal ions in inshore
GBR caused by the planktonic commnity. He highlighted processes
involving Trichodesmum bloons; input of sedinment (through
erosion or dred?| ng); sewage; and netal wastes. In conparison
with discharge from tourist resorts, waste discharge into the
Marine Park from the mainland was seen as a rra%or |r_1rput, W th
particular reference to waste water discharge from Townsville and
Thur i ngowa.

McConchie explained that nutrients can be transported in the
natural environnent as ions adsorbed onto colloids and clay
m neral s. Colloids that influence the rate of increase of
adsorbed chemcals to other parts of the systems were described.

WORKING GROUP  RECOMMENDATI ONS

Each Wrking Goup was asked to work to simlar guidelines and

allow for discussion on the need for concern regarding enhanced

nutrients in the Geat Barrier Reef Marine Park, nanagenent
reconmendati ons, research and nonitoring strategy. ;

There was general concern that inshore waters of the Geat '
Barrier Reef appear to have elevated nutrient levels, and in A
localised areas may be reaching an undesirable threshold.

It was felt that main geographical areas of concern were the
inshore reefs close to mainland sources and subject to additional
stresses from tourism activities. O particular nention were
waters north of Cairns where the Reef is close to shore and there
is a northerly flow of water concentrating nutrients inshore; the
Townsville - gnetic Island area where sewage discharges
reaching the Geat Barrier Reef are likely to be significant;

and the Wiitsunday area where there are a nunber of tourist
resorts and intensive tourism activity in a small area wth a
conplex circulation pattern.

be—a—result—+—WaS—recommended—that—am ap riate monitoring
strategy be'established. Research and nonitoring prograns neéd
to address the ambient water quality of inshore waters, and
differentiate between input from the mainland (urban discharge
and agricultural run-off) and input from island resorts and other
tourist activities. Priority should be given to data collection
in areas of major geographical concern.

In terms of management, it is suggested that standards of waste
discharge to be adopted could be based on achieving not nore than
a 20 per cent decrease in coral growh or 10 per cent increase in
nutrients over anbient levels. These standards would have to be
applied with caution in different sections of the reef
recognising that natural variation will be appreciable.
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recommendations worthy of consideration are that GBRMPA
representative on the Queensland Vater Quality

and an advisory committee should be set up to advise

the' nutrient problem.. '
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