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EFFECTS OF NUTRIENTS CARRED BY MANAND RUINCFF ON REEFS
CF THE CARNS AREA: A RESEARCH PLAN AND PRELIMNARY RESULTS

Cecily Rasnussen

The -ability of corals to record temporal variations in aspects of
their environment has been well documented. For example , annual and
lunar growth bands, atmospheric 14C and oceanic temperature variations
are all recorded in the coral skeleton (Buddemeier & Kinzie, 1976;
Druffel, 1982; Schneider & Smith, 1982). Work by Isdale (1984) inferred
a strong correlation between summer monsoonal rainfall. and mainland
runoff and the intensity, timing and width of yellow-green fluorescent

bands contained within the annual growth bands of the coral skeleton.

The ability of mainland runoff to transport large quantities of terrigen-

ous_material to nearshore reefs has been adequately described. Increased

sedimentation, siltation, turbidity, salinity and temperature fluxes
in coral reefs have been linked to anthropogenic changes of the adjacent
hinterland (Maragos, 1974; Banner, 1974; Cortes & Risk, 1981). Similarly,

inputs of nutrients into the marine environment have been shown to
have a deleterious effect on marine communities (Maragos, 1974; Banner,

1974; Smith et al, 1977; Mergner, 1981).

Kinsey & Domm (1974) expressed concern that agricultural nutrients

were adversely affecting ‘coral reefs. Data from the experiments designed
to test this hypothesis were re-examined by Kinsey & Davies in 1979.
Calcification and skeletal density of the corals were shown to decrease
with the addition of agricultural fertilizers. Kinsey & Davies were
unable to differentiate between phosphatic’and nitrogenous influences,
but expressed a preference for an inverse relationship ovetween phosphate
application and rates of calcification. Evidence from laboratory
experiments (Simkiss, 1%Yod; Wilbur & Simkiss, 1968; Yamazato, 1270:
Lambert, 1974) suggests calcification in reef corals and molluscs
can be markedly suppressed by large increases in phosphate levels
in the surrounding water. Reitemeier and Buehrer (1983) studied the
development of crystal morpho logy in calcium carbonates following
the addition of various amount s of polyphosphates (one of the forms

of phosphate present in trace amounts in the marine environment) and
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concluded that distorted crystals were forned as the polyphosphate
solution increased. Numerous chemcal elenents are incorporated into
t he coral skeleton at the time of deposition. Strontium anal yses

of ' skeletal ‘aragonite depos‘ite‘d by reef corals' has beep ' conduct ed

by researchers for many and varied reasons (CQdum 1957; Lowens' t am

1963; Keith & Wber, 1965; MIliman, 1967; Schneider & Smth., 1982;

Miir, '1984). Qdum (1957) and Coreau (1961) reported the inability
of corals to discrininate between strontium and calcium during the
process of skel et ogenesis. G her studies indicate a slight preference

for strontium over calcium in the calcification process (Wber, 1973,).

Kinsman (1969) inferred from experinmental evidence that reef coral
aragonite is in equilibriumw th seawater as far as strontiumis concerned
Experinental |y precipitated aragonite indicated strontium incorporation
is tenperature dependent (Kitano et al, 1971; Houck et al, 1977).
Snith,  Buddenei er, Redalje and Houck (1979) .subsequently devised
a strontiumcalcium thernometer for use in coral skeletons. Schneider
and Smith (1982) investigated the use of the. strontium thernoneter
as a means of examning tenperature records. preserved in the density
bands of massive scleractinian corals. A variable was shown to exist

which could not be explained by tenperature variations (Schneider

& Smth, 1982). Miir (1984) also investigated the suitability of
using the strontiumcal cium thernometer for seawater tenperature inter-
pretation. Results fromthis study indicated the strontium thernoneter
| acked a predictable pattern when external i nfluences operated 'on
the reef environnent. Mir considered that factors, affecting the

uptake of strontium could be the influx of periodic water nasses from

nearshore rivers and/or' inputs of chemcal conponents into the reefal

envi r onnent from anthropogenically altered coastal environs (Mir,
1984).
Rasmussen (1986) suggest ed that  enhanced | evel s of nutrients

agricul tural fertilizers were being transported to the reefal environnent

of the northern Geat Barri'er Reef as, a conponent of nainland runoff.
This author further suggested that the increased phosphate flux contained
in this discharge hindered the ability of coral colonies to operate

at equilibrium thereby resulting in:

o | ' . ) Y ;‘67_ | ‘ - ‘ : v - k “;:, !:

from



-68-
a) a decrease in strontiumvalues precipitated into the coral skeleton
b) alterations to the crystal norphol ogy of the coral skeleton
c) a decrease in skeletal density; and
d) an increase in skeletal fragility.
Recent 'research in tenperate waters has documented the ability of

comercially viable marine products to be reliant on a bal anced interplay

between mainland runoff and the marine environment. Alterations to
the terrestrial regime are reflected in fluctuations in organisns

of the narine environment (eg Skreslet, 1986).

Two hypotheses have been proposed that suggest Acanthaster planci

out breaks are a consequence of mainland influences. The larval recruit-
ment  hypot hesi s shows t hat larvae  survivorship i nproves fol l owi ng
lowered salinity and raised tenperatures (Lucas, 1973, 1975; Pearson,
1975) . Wile this hypothesis allows for the natural periodicity of
mongoonal summer rains of the northern Geat Barrier Reef, it also

incorporates the proposition that human intervention in the catchnents
of mainland rivers significantly alters the amount and intensity of

runoff delivered to the nmarine environnent.

The second hypothesis, developed by Birkeland (1982) follows the |arvae
recrui t ment concept , but  enphasi ses that the marine environment is
altered chemcally as well as physically by the input of nutrients

transferred by terrestrial runoff into. the oceanic waters surrounding

nearshore coral reefs. Birkel and suggests larva.1l food sources such
as phytoplankton bloons are increased by the addition of nmainland

derived nutrients, thus promoting survivorship.

Both hypotheses rely on 1arval survival rates as opposed to a decrease
in predator pressure. However, while these hypotheses relate to the
direct effect of mainland influences on the O own-of-Thorns starfish,
iv s possible that indirect effects are equally inportant. All organm-

isms, including Acanthaster planci predators will be affected by changes

in the chemcal and physical conditions resulting from an influx of

terrestrial products into the marine environnent.
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Records of environnental influences contained in the coral skeleton

will allow conparisons to be nmade between known Acanthaster planci

popul ati on fluxes and environnental conditions operating 'at', the sane

t i m e

This study, therefore, suggests a number of proposals for' examning
the hypothesis that the marine environnent of the northern Geat Barrier

Reef is responding to anthropogenic interference of the nearby nainl and.

PROPOSALS

1) Variations in strontium levels,' precipitated into coral skeletons
may provide an indication of the chemcal factors and nechani sns

operating in the marine environnent at the time of coral growh.

.

2) Variations in strontium may provide an indicator of terrestrial’

alterations not previously recognized.
3) Phosphate levels in oceanic waters around coral reefs aresufficient
to affect the. precipitation of strontiuminto the coral skeleton.

This change may have a deleterious effect on the corals thenselves.

4) Gher narine organisns may also be adversely affected,. either

directly or indirectly, by anthropogenically enhanced nutrient
| evel s. Records extracted from the corals should provide the
t enpor al link between terrestrial alterations and artificially

i nduced speci es adaptations of the marine environment, eg Acant haster
pl anci i nfestations.

A programme of research was subsequently devised .to test the above
proposal s. Selection of GCairns and environs (Fig 1) as a suitable
study site was dictated by three paraneters:

1) proximty of the reef to a significantly devel oped coastal environ-

ment

2) the influence of a large drainage basin'anthropogenically altered

for agricultural purposes
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Figure 1. Barron River Catchnent. Water sanpling on a-nonthly basis
began from sites marked e in February 1986, and from site
marked o in Novenber 1986
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3) the location of Geen Island, suggested as the possible -location

of initial Acanthaster planci infestations.

PROGRAMME OF RESEARCH

The nature of the problem indicated two nmain fields of ‘research were

required. Hence, a nmarine and a terrestrial programme were instigated.

Terrestri al Envi ronnent s

If enhanced nutrient levels in the marine environnent are the result
of agricultural practices, then source and nmethod of transport need
i nvestigation. Resear ch met hodol ogy, therefore, should incorporate

a nunber of conponents:

1) Collection of water sanples on a nonthly .basis from the Barron
River and its tributaries, as well as from short flowi ng streans
of the nearby coastal hinterland (Fig '1). To deterni ne whether
variations in streamnutrient levels can be ascribed to agricultural
fertilizers, these wll be analysed for POQ, N03, NOZ’ ‘NHA and
dissolved silica.

2) Col lection of sediment samples from the water sanpling sites.
These will be analysed to *deternine the ability of particular
di ssol ved chenical species to adsorb to clay and oxy-hydroxide

particles carried as bed |oad.

3) pH readings at water sanpling sites. Accurate interpretation
of chemcal equilibria in the water colum is necessary if agricult-
urally induced nutrient levels are to be separated from bi ol ogi cal

and geological alterations.'

4) Col lection of rainfall data. These will be correlated with
stream nutrient data as a sinple nmeans of estimating met hod
nutrient' introduction to the stream channel, ie overland flow

ground water discharge; or conbinations' of both.

5) Col l ection of landuse, and land managenent information. | This
would be analysed in conjunction with other 'data to determne

spatial and tenporal' influences on stream nutrient 'levels.

of
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Int ens ive collection of water samples for a one monthly period
from two agriculturally diverse locations. These will be collected
using Garnet Automatic Water. Samplers placed at strategic locations
- one in the pastoral area of the Atherton Tablelands, and one
in  the sugar cane growing coastal hinterland. These will be
analysed in the same manner as other water samples, but specifically
to determine whether a dual input of nutrients suggested by Rasmussen
( 1 9 8Fig ;2) can be isolated and allocated to particular land
use practices. Timing of this water sampling programme will
be determined by the indications ‘from Figure 3, ie nutrients
are reaching the marine environment twice yearly, mid-year (suggested
as a response to sugar cane planting and associated fertilization)
and early summer (suggested as a response to the land management
practice of fertilizing dairy pastures in preparation for the

monsoons).

Mari ne Envi r onmrent

The concept that anchropogenically derived enhanced nutrient levels

are adversely affecting the marine environment requires the programme

of research be divided into five major sectors:

1) The attainment of corals from previous experimental areas such
as the One Tree Reef project undertaken by Kinsey and Domm in
1974.

2) The collection of corals from areas of known anthropogenically
derived elevated nutrient levels. For example, Kaneohe Bay and
the Gulf of Aquaba.

3) The introduction of elevated levels of commercial superphosphate

4]

to Acropora and Porites species of corals grown under laboratory

conditions.

To determine whether a decay or cumulative effect operaces geograph-
ically within the marine environment (effects which may be related
to distance from input, marine vegetation, eddies, or sewerage

outfall), the removal of coral <cores from Porites species of
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Corals in a grid pattern radiating out from the nouth of the
Barron R ver and extending as far north and south as financially
possible will be undertaken (Fig 3). A control sanple wll, be
renmoved from a reefal area sufficiently distant from nainland

influences to be considered uncontaminated by anthropogenic interfer-

ence (eg Mrnidon Reef).

5) Col I' ection of sanples of oceanic water wll be undertaken by
the Queensland National Parks and WIldlife Service' on a nonthly
basis from the entrance to Cairns Harbour across to the Geen
Island reef. Further sanples will be collected on an intermttent
basis from other reefs visited by Queensland National Parks and

WIldlife Service. Fortnightly water sanples wll be collected

from Low Isles by the Head Lighthouse Keeper. A further programe
of collection has recently been planned for Agincourt Reef.

All oceanic water sanples will be analysed for simlar chem cal species
as the terrestrial sanples. Correlations will subsequently be sought
with events on the nearby mainland, weather regines, tourism infl ux

and dredgi ng.

Corals obtained by the four nmethods I|isted above wll be analysed

tenporally and spatially for variations in chemstry, crystal norphol ogy,

densi ty,calcification, fragility, growth patterns and internal norphol -
ogi cal characteristics.

Results obtained from this section of the programme wll be analysed
in conjunction with the terrestrial programe. The anticipated under-

e e e

standimg  of —envitTonmentat—rTecords tocated 1Inm the corat  sketeron—will

then be available for interpretation in conjunction wth known Acanthaster

planci biology, ecology, history and geographical distribution.

RESULTS

Watar Samnles

Results presently to hand indicate a strong correlation between raised
stream nutrient levels and rainfall in associated ‘areas With a |ag
of approximately one nonth (Figs 4 & 5). A further correlation exists
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Figure 3. Proposed coral coring programme -~ northern Geat Barrier Reef
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Figure 4. Rainfall data superinposed over
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Figure 5. Malanda rainfall data superinposed over
NO2 stream concentrations in the Upper
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between land management practices and enhanced nutrient levels of
the streams. For example, in the Yungaburra, Kairi and Tinaroo areas,
irrigation began as rainfall decreased. This is reflected in the
sudden flushing of nutrients into the associated streams draining
these particular areas (Figs 6 & 7). Similarities are also suggested
between stream nutrient levels, geographical location and landuse
patterns. For instance, Davies Creek and Clohesy River (Figs 8 &

9) share similar nutrient -peaks, landuse patterns and geographical
locations. These signatures are quite distinct to the dairying area

of the Atherton Tablelands (eg Figs 6 & 7).

Experimental Coral s

Two species of corals, Acropora formosa and Porites, were selected

for experimentation. The ability to use the same Porites sample under
a variety of geomechanical and geochemical techniques has provided
researchers with an invaluable tool for wunravelling the complexities
of coral records. However , Acropora species of corals provide large

guantities. of coral shingle to the reefal environment. It is also

considered aesthetically pleasing by tourists, hence its commercial
value must not be overlooked. The rapid growth habits of Acropora

formosa determined its experimental suitability.

Acropora formosa and Porites species of corals were grown in aquaria

at the Orpheus Island Research Station. To mimic the marine environment
as near as possible, unfiltered seawater was pumped into the tanks

direct from the reef flat at a rate designed to provide an hourly

turnover of marine water. Shade cloth covered the top and sides of
the tanks to replicate oceanic conditions at a depth of approximately
two metres. Commercial superphosphate of the composition described
in Table 1 was dissolved in filtered seawater and added to the tanks
by a drip system designed to maintain concentration within individual
tanks of 2, 4 and 8 ugA/L PO0OA4. Two tanks remained free of fertilizer
as controls. Alizarin was used as a marker stain to provide a time

basis for the ~ewpcriment.
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Table 1. Superphosphate Analysis
(weight percent)

Phosphorus 'P' (water soluble) 7.0%
Phosphorus 'P' (Citrate soluble) 1.5%
Phosphorus 'P' (Citrate insoluble) 0.5%

9. 0%
Sulphur 'S' as Sulfates 10.0%
Calcium 'Ca' as Superphosphate 20.0%

Porites species proved difficult to growin experimental conditions.

Acropora formosa, previously understood to be difficult to maintain

experimentally (pers comm R Babcock; J Oliver) has proven extremely

successful.

The Acropora formosa colonies were harvested on the night of coral

spawning (9 November 1987) at Orpheus Island. Small sections were

removed- from each colony for examination of variance of spawning ability.

——— Growth-tips . from__the remainimg colondes wére wemovedn using . n_ _ d
tipped saw, and examined under the Scanning Electron -Microscope for

morphological and chemical variations. Plates 1 , 2 and 3 indicate
substantial alteration to the internal morphological structure of
the skeleton has occurred. Skeletal walls have thinned and voids

enlarged considerably with increased-addition of PO04.

At present little is known of standard levels of strontium within

Acorpora species of corals. However, although data are only preliminary,

variation exists within the three samples indicating decreased levels

of strontium following increased additions of PO4 (Table 2),

Coral Cores

Sections from two cores from Low Isles and Magnetic Island were made
available by Dr Peter 1Isdale, Australian Institute of Marine Science.
These samples were examined using x-radiography to determine annual
growth bands and selected bands analysed using Atomic Absorption Spectom-
etry, X-ray Diffraction and Scanning Electron, Probes to determine
possible spatial and temporal variations in mineralogical and chemical

precipitation into the coral cores..
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Plate 2. Qowh tip, Acropora fornosa, following the addition of 4 ugA/L
i PO4 (Magnification,x '40). NB walls beginning to: thin
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L3

Plate 3. Gowh tip, Acropora fornosa, following the addition of 8 ugA/L
PO,. (Magnification x 40) NB Considerable alteration to
skel’eton _nor phol ogy; a) -excessive thinning of internal walls; 2
and b) increase in size and nunber of voids

Table 2. Strontiumval ues, Acropora fornmosa, follow ng the addition of

controlled levels of PO

Analysis

PO4  CONCENTRATI ON
Contro
4 ugA/L
8 ugA/L

Prelimnary data

4 to experimental aquaria, Orpheus

Island:  Values—taken mid-way—across—tip—using Electron Probe

Sr VALUE
7215
6820
6835

only
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Strontium levels from both cores show a general decline over tinme,
correlating with use of phosphatic type fertilizers in nearby terrestrial
environments. O particular interest is the different signature enmanating

from each coral core, thus establishing the  individualteration

of the marine environment surrounding each coral colony rather than

an overall steady decline in strontium availability. Further, t he

different signatures apparent in each core relate to known environmental

histories of the different geographical -locations of the two coral

col oni es.

CGeogr aphi cal variation, hydr ol ogi cal regi ne and landuse practices
of the nearby terrestrial envi ronnent plays a significant role in
deternining the chenical conposition of the corals. For exanple |,

it has been argued within this paper that the increased use of superphos-
phate is primarily responsible for a decrease in the anmount of strontium
precipitated into the coral skeleton.' "Thus, when PO4 is added
the marine. environment via short runoff streanms on a small is land
drai ning pineapple farns (eg Mgnetic Island) it would be "anticipated
s'keletal precipitation would be subjected to different variables than
‘P04 entering’ the marine environnment via a major river draining a large
cat chrrent substantially altered for agricultural purposes (eg Barrom
River). This geographical and environnental variation is recorded
in coral skeletal naterial. As is evident in Fig 10 Townsville' s 1946
flood served to dilute the anmount of PO4 normally entering the narine
environment only via a very few short runoff streans or through ground-
wat er  seepage, resulting in a strontium peak during this period,.
Sewerage discharge from Ross Rver (Townsville) which replaced, fertilizer
as the main source of PO4 in the Magnetic Island region following
the decease of pineapple production, is simlarly diluted by the heavy
1974 wet season, leading to 'a further strontium peak at this tine.
In contrast, the Barron R ver catchnent responded to the 1974 heavy
wet 'by injecting large quantities of agricultural fertilizers into
the marine environnent around Low Isles. The substantial increase
in PO led to a corresponding decrease in strontium precipitated into
the coral skeleton during this period (Fig 11). It is significant
to note that superphosphate is added to pastures in the Barron R ver
catchnent around Cctober specifically in anticipation of the wet season.
That  super phosphate is reaching the rivers -following rainfall has

been denonstrated above.

to
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It would appear that strontium levels (interpreted here as the result
of anthropdgenically introduced po4 into the nmarine environnent) provide
an accurate interpretation of past environmental changes. From an
exam nation of the Low Isles cores and the known history of sugarcane
farmng in the nearby terrestrial hinterland, it is possible to correlate
the environnental history of the area with variations in the coral

cores. The linted use of phosphatic type fertilizers prior to 1939
corresponds to the anticipated levels' of strontium expected in Porites
species of corals as interpreted by Frazer Mir (1984). However,

strontiumlevels drop with the introduction of phosphatic type fertilizers.
At present it has only been possible to examine. the Low Isles core
at selected tenporal intervals. It is considered that exam nation
on an annual basis will indicate a break in the regression line shown

in Figure 11, corresponding t0 the introduction of nechanical harvesting
and the subsequent ability to substitute phosphatic-type fertilizers
with increasing anmounts of the nitrogen enhancing fertilizers, subsequently
leading to a decrease in PO4 entering the marine environment and a
relative increase of strontium precipitated into the coral skeleton.

Continued and expanding useage of phosphatic type fertilizers for

other agricultural purposes on the Atherton Tablelands wll tend to

mar this wupward trend, a point which is enphasised by the effects
of the 1974 and 1979 wet seasons on the strontiumval ues of the corals.

The drop in Strontium content in 1985 from the Magnetic Island coral
colony is presently unaccountable. However; this was the outer limt
of the sanple and it may be a peculiarity of the corals. This peculiarity
has al so been noted in the Acropora fornosa sanples grown experinentally

at Orpheus Island, but no explanation is presently possible.

fa

CONCLUSI ONS

1) From the results to hand a direct correl ation exi sts between
enhanced levels of PO in the narine environnment and strontium

concentrations precipitated into the coral skel eton.

2) Increased nutrient |evels in streans of the Barron R ver catchnent
are closely linked to precipitation, landuse and land managenent
practices.
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3) Alink, therefore, i s suggested between | and. managenent, practices,

enhanced levels. of . nutrients transported via mainland runoff

into the marine  environment, and strontium levels precipitated
1

into the coral skel et on.

4) Experi ments conducted on Acropora fornosa at O pheus |sland indicate

phosphati c type fertilizers have a deleterious effect on the
skeletal deposition of the coral colony. At high levels, calcificat-
ion is hindered, altering both the internal and external norphol ogy
of the coral structure. Thinning of the skeletal walls occurs,

theoretically leading to increased fragility of the coral col ony.

5) Data extrapolated from the coral cores suggsts the use of strontium
levels precipitated into the <corals. to (a) indicate  historical
ant hr opogeni c i nfl uences, and (b) as a nonitor of the present

health and condition of the reef for future nmanagenent planni ng.

6) The conbined results from the above studies should wultimately
provi de an accurate spatial and tenporal record of anthropogenically
altered environnents within the Geat Barrier Reef. Thi s wi ||

subsequently provide a scale against which Acanthaster planci

data may be plotted.

OTHER VARIABLES

It is possible there are other sources of nutrient enhancerment  not
being exanmined in this study, eg nutrient upwelling fromoceanic currents;
sewerage discharge into the marine environnent. Howeverit is antici-
pated that exam nation of coral cores from a variety of environnments
will elimnate many of the confounding vari abl es.

PROPOSED FUTURE  RESEARCH

1) Acropor a fornosa sanpl es removed from the experinental t anks

on O pheus Island during the period of coral spawning are presently
being examned by Dr B WIlis to assess the effects of increased

level s of PO4 on the reproductive cycle of coral colonies.
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Acropora fornosa sanples collected from various cross-shelf locat-

ions, . northern Geat Barrier Reef, have been obtained from Dr
J diver. These corals will be analysed to determne the relation-

ship between coral fragility and proximty to the mainl and.

Experi ment al corals will again be grown on O pheus Island. Rat es
of PO4 injection wll be altered to include 1.0, 0.6 and 0.4
ugA/L P04, Intermttent injection at spasnodic controlled
level5 will also be included in the experinental progr anme.

Availability of previous research on Porites species of corals

dictate the suitability of using this species of coral for experi-

ment al research. Thus, for conparative purposes, every effort
will be nmade to grow Porites species of corals under experinental
condi tions. Should this prove possible, Porites and Acropora

species wll share experinmental tanks.
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