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Abstract This work supports previous studies in the Great

Barrier Reef lagoon that show the new nitrogen (N) load

introduced by Trichodesmium is similar to or greater than

that from riverine discharges. However, the current

management programs aimed at improving the chronic

eutrophic state of the GBR ignore the N load from

Trichodesmium. These programs also ignore the evidence

that Trichodesmium blooms could promote the

bioavailability of heavy metals and be a source of toxins

in the ciguatera food chain. Further work is urgently

required to better quantify the potential impacts of

Trichodesmium and develop management plans to reduce

those impacts. A simple algorithm that uses MODIS

imagery is developed for not only monitoring the spatial

extent of Trichodesmium blooms but also for quantifying

the concentration of those blooms. The algorithm is based

on the readily available MODIS L2 data. A management

plan that includes the harvesting of Trichodesmium is

outlined.

Keywords Ciguatera � Eutrophication � MODIS satellite �
New nitrogen load � Trichodesmium

INTRODUCTION

Past farming practices in Queensland have led to serious

degradation of the coastal catchments over the past cen-

tury; more than 80% of the coastal catchments have been

developed for agriculture and this development has led to

increased loads of sediment and nutrients in the run-off

entering the Great Barrier Reef (GBR) lagoon (Bell and

Elmetri 1995; Kroon et al. 2012; RWQPP 2014; Reside

et al. 2017). The increased nutrient and sediment loads in

the run-off have led to serious degradation of water quality

over the entire GBR lagoon, even in the remote Cape York

Region (Bell 1992; Bell and Elmetri 1995). The principal

water quality problem impacting the GBR coral reefs is

related to the increased production of algae (i.e. eutrophi-

cation) that has resulted from the increased loads of

nutrients/fertilizers washed into the system following high

rainfall events. The degraded water quality has led to

serious changes to the ecology of the GBR lagoon. There is

evidence that the addition of nutrients to the GBR region

has not only stimulated the growth of algae and hetero-

trophs (e.g. including crown of thorns (COTS) larvae,

Drupella spp. larvae and protozoa such as ciliates) but has

also lead to the proliferation of coral skeletal diseases and

jellyfish (Bell et al. 2007, 2012; Bell et al. 2014a b).

Overall it is estimated that the reduced water quality has

directly and indirectly led to a 70–80% loss of hard coral

within the GBR lagoon over the past century. With respect

to the proliferation of COTS, there is evidence that the

nutrient enrichment leads to increases in the biomass of

larger size classes of phytoplankton (i.e. nano-micro-phy-

toplankton[2 lm) that provide the principal food source

of the COTS larvae (Brodie et al. 2005). Significant

increases in such phytoplankton populations have been

recorded in the GBR lagoon near to Low Isles since the

1928–1929 GBR Expedition (Bell and Elmetri 1995; Bell

et al. 2014a).

Although a considerable amount of scientific evidence

was available that showed that the chronic eutrophic state

of GBR waters had promoted outbreaks of COTS and the

massive reduction in hard coral cover, a large portion of

Australian marine science community and government

agencies were for many years in a state of denial of the

existence of the water quality problem (Bell and Gabric

1991; Bell 1992; Bell and Elmetri 1995; Risk 1999). The

denial of the existence of the problem was supported by
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conclusions of the multimillion dollar ENCORE study

conducted in the One Tree Island Lagoon (Larkum and

Steven 1994; Koop et al. 2001). A principal conclusion of

ENCORE was that the addition of nutrients did not pro-

mote the growth of attached algae and hence would not

promote the conversion from coral dominated communities

to algal dominated communities. However, this conclusion

is not supported by the fact that attached algal growth was

prolific on the walls and crests of the tested micro-atolls by

the end of ENCORE (Bell et al. 2007). This incorrect

conclusion not only lead to a lack of action to control the

nutrient loads from diffuse and point source discharges to

the GBR but it also supported the proliferation of bad

science and management practices overseas (Hughes et al.

1999; Szmant 2002). However it is now generally accepted

by the marine science community and various government

agencies that the ecology of the GBR region is suffering

from the chronic effects of eutrophication brought about by

the discharge of nutrients from the developed catchments

(Brodie and Waterhouse 2012; Waterhouse et al. 2017). In

particular it is now generally accepted that excessive algal

growth hinders the recovery of corals following damage

(e.g. due to storms and bleaching events) and promotes the

proliferation of COTS. This recognition led to the Aus-

tralian Government Reef Rescue Initiative (RRI) in 2008

(Brodie and Waterhouse 2012) which has led to the Reef

Water Quality Protection Plan (RWQPP) (RWQPP 2014).

The RRI led to the provision of multi-million dollar

packages for various reef restoration programs; as part of

these programs significant action on the management of

nutrient loads in the riverine discharges has been initiated

and a large number of associated research programs are

being supported. The current water quality improvement

programs are based on the assumption that phytoplankton

growth and in particular the growth of the nano-micro-

phytoplankton that promote the growth of COTS, is

nitrogen (N) limited and hence a principal aim of the

program is to reduce the riverine-loads of N and particu-

larly the loads of dissolved inorganic nitrogen (DIN =

NH4
??NO3

-?NO2
-). However there is no program to

investigate the N loads introduced by Trichodesmium spp.

and other N-fixing organisms even though early work

showed such inputs could be significant (Bell and Elmetri

1995; Bell et al. 1999). Available evidence suggests that

the magnitude of the Trichodesmium blooms has increased

significantly since the 1928–1929 GBR Expedition (Bell

and Elmetri 1995; Bell et al. 1999) and a recent study by

Blondeau-Patissier et al. (2018) suggests that the growth of

Trichodesmium in the Southern GBR has increased sig-

nificantly since 2002. It is well known that large surface

accumulations of Trichodesmium occur regularly during

calmer/low wind periods (Revelante and Gilmartin 1982;

Jones 1992; Blondeau-Patissier et al. 2018). Such large

surface accumulations can extend for 100s to 1000s of

kilometres.

IMPORTANCE OF N-LOADS

FROM TRICHODESMIUM

Calculations based on the distribution and the measured

N-fixation rates of Trichodesmium spp. in the GBR lagoon

showed that the N load introduced by Trichodesmium is

probably similar to or even greater than that entering via

riverine discharges (Bell and Elmetri 1995; Bell et al.

1999) and hence could be a major source of DIN. Also the

annual water quality/ecological (phytoplankton?zoo-

plankton) study conducted by Revelante and Gilmartin

(1982) shows that increases in DIN concentrations and

blooms of other phytoplankton taxa occur following Tri-

chodesmium blooms. The importance of these early find-

ings has not generally been recognised within the Scientific

Consensus (Bartley et al. 2017; Waterhouse et al. 2017)

that is driving the current water quality improvement pro-

grams. However, some recent studies do support these

early findings. For example the study by McKinna (2010)

based on remotely sensed satellite data and observations of

surface accumulations of Trichodesmium using a ship

mounted spectrophotometer concludes the N input from

Trichodesmium is similar to or even greater than that

introduced by the rivers. Also Furnas et al. (2011) have

estimated that the average pelagic cross-shelf N load from

Trichodesmium to the Wet Tropical region is of the same

order as that introduced by the rivers. However Furnas

et al. (2011) did not consider the N load introduced by

blooms of Trichodesmium. They used a relatively low

average concentration of Trichodesmium in their estima-

tions (* 1000 trichomes L-1) which corresponds to mea-

sured values in the less impacted region off Low Isles (Bell

and Elmetri 1995). The monitoring work carried out in

waters off Townsville (Revelante and Gilmartin 1982; Bell

et al. 1999) suggest a much higher value should be used in

the Wet Tropical region and hence the N load from the

N-fixation by Trichodesmium would be far greater than that

given by Furnas et al. (2011). A recent study by Messer

et al. (2017) suggests that there is a need to include bio-

logical N-fixation as a significant source of N within GBR

waters and Erler et al. (2020) argue that 15N/14N isotopic

analyses in coral cores suggest that the N-load introduced

by N-fixation has increased significantly over the past

century or so. Also Blondeau-Patissier et al. (2018) note

that their results derived from satellite imagery suggest that

new N introduced to the GBR by Trichodesmium could be

of the same order as that entering via catchment runoff.
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SATELLITE REMOTE SENSING

OF TRICHODESMIUM

It has been known for some time that surface accumula-

tions of Trichodesmium that occur during calmer/low wind

periods exhibit a high reflectance signature over the visible

and near-infrared (NIR) wavelengths (e.g. see Borstad et al.

1992) which is clearly visible from space. Kuchler and

Jupp (1988) demonstrated the potential use of this high

reflectance phenomenon with a space shuttle photograph

that captured a massive bloom in the GBR lagoon. This

high reflectance phenomenon has been used by several

workers to develop satellite remote-sensing algorithms to

monitor Trichodesmium on a large scale. For example,

Dupouy et al. (1988) presented a Nimbus-7 Coastal Zone

Color Scanner (CZCS) image of a 90 000 km2 Tri-

chodesmium bloom in the southwest Pacific Ocean near

New Caledonia; they estimated that this single bloom could

fix 3600 tonnes N in 10 days. Borstad et al. (1992) and

Dupouy (1992) developed reflectance-based models

applicable to surface accumulations of Trichodesmium

recorded by the CZCS images. Also Subramaniam et al.

(1999) used the high reflectance feature of Trichodesmium

in conjunction with sea truth data and data from the

advanced very high resolution radiometer (AVHRR) to

map a 300 000 km2 Trichodesmium bloom off the Somali

Coast in May 1995. They estimated that the N fixed by this

bloom was 940 tonnes day-1.

A number of studies utilizing this high reflectance

phenomenon have been carried out in the GBR region.

McKinna et al. (2011) report results from a classification

algorithm that uses high resolution data from the Moderate

Resolution Imaging Spectroradiometer (MODIS). The

classification algorithm was tested on a subset of MODIS

images with corresponding sea-truth data. The algorithm

was found to be robust in the presence of highly reflective,

potential confounding effects such as shallow bathymetry

and high suspended sediments. Tran (2015) used the

McKinna algorithm to map the existence of dense Tri-

chodesmium blooms following dust storm events using

MODIS-derived images. His results imply that the dust

storm events induce blooms of Trichodesmium over large

regions of the southern GBR lagoon suggesting that the

dust deposition could be a source of necessary trace ele-

ments. However the application of McKinna’s algorithm

requires a significant amount of manipulation of the

MODIS L0 data and the method ignores the use of negative

remote sensing reflectance (Rrs) readings, which as dis-

cussed below, can be a good indicator of pixels with a high

reflectance.

The first systematic analysis of spatial and temporal

occurrences of Trichodesmium in the GBR was carried out

by Blondeau-Patissier et al. (2018) using satellite data from

the decade-long (now non-operational) MERIS ocean col-

our mission. Surface accumulations of Trichodesmium

were detected using the Maximum Chlorophyll Index

(MCI) which is based on reflectance of NIR wavelengths.

The method was tested on a set of images coincident with

available field data; the field data were only qualitative in

nature i.e. observations of the absence or presence of Tri-

chodesmium. The results of Blondeau-Patissier et al. (2018)

show that large surface accumulations[10 000 km2 occur

in the GBR lagoon and that larger accumulations and more

frequent accumulations occur in the more eutrophic Central

and Southern GBR. The results from their time series

analysis show there has been an increase in bloom fre-

quency of Trichodesmium over the 10-year period

(2002–2012), suggesting that the N load resulting from the

blooms has also increased over the same period.

The high reflectance signature over the Red-Edge and

NIR wavelengths can interfere with satellite remote sens-

ing algorithms because the usual methods for estimating

the atmospheric correction factor assume that the water

leaving radiance is zero at these longer wavelengths; this

assumption can lead to erroneous and even negative values

of Rrs in the visible range (Hu et al. 2010; Rousset et al.

2018). McKinna (2010) ignored negative Rrs values in

development of the Trichodesmium-detection algorithm

whereas Rousset et al. (2018) used the existence of nega-

tive values of Rrs (678), as determined by SeaDAS pro-

cessing of the MODIS L2 data (https://seadas.gsfc.nasa.

gov/downloads), as a principal feature for detecting surface

accumulations of Trichodesmium. They also suggest that

the absolute value of Rrs (678) could be used to determine

the relative concentration of Trichodesmium .

In the present study the presence of surface accumula-

tions of Trichodesmium is assumed, as was done by

Rousset et al. (2018), in regions where the SeaDAS anal-

ysis of MODIS L2 data shows Rrs(678)\0. In addition the

developed algorithm evaluates the use of negative values of

Rrs(645), Rrs(555) and Rrs(547) as a measure of the con-

centration of Trichodesmium in the surface accumulations.

The method uses the standard SeaDAS analysis of the

MODIS L2 data and hence can be used by workers not

familiar with detailed analysis of remote sensing data.

MODEL DEVELOPMENT

Results from experimental and modelling studies (Borstad

et al. 1992) suggest algorithms based on reflectance phe-

nomena should be able to detect Trichodesmium filament

concentrations[100 000 filaments L-1 with correspond-

ing chlorophyll a (Chl a) concentrations * 10 mg m-3

(Borstad 1978). Borstad et al. (1992) showed that the

magnitude of the reflection signal in the Red-Edge-NIR
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region increased with the concentration of Trichodesmium

filaments and hence one would expect that the error

introduced by the normal atmospheric correction methods

would also increase with the concentration of Tri-

chodesmium filaments and hence these higher concentra-

tions could lead to negative Rrs values at shorter

wavelengths. In the present study the presence of Tri-

chodesmium is assumed to occur, as was done by Rousset

et al. (2018), in regions where Rrs(678)\0. In addition an

algorithm that includes negative values of Rrs(645),

Rrs(555) and Rrs(547) is evaluated to test the possibility of

measuring increased levels of reflectance and hence

increased concentrations of Trichodesmium. Four levels of

concentration are included in this classification algorithm

with the Level 1 classification corresponding to the lowest

concentration of Trichodesmium within the surface accu-

mulation and Level 4 classification corresponding to the

highest concentration in the surface accumulation. Appli-

cation of this algorithm is achieved by simply adding the

following Masking Criteria in the standard SeaDAS anal-

ysis of the MODIS-Aqua images: Level 1: Rrs(678)\0 and

Rrs(645)[ 0 and Rrs(555)[ 0 and Rrs(547)[ 0; Level 2:

Rrs(678) \ 0 and Rrs(645) \ 0 and Rrs(555) [ 0 and

Rrs(547)[ 0; Level 3: Rrs(678)\ 0 and Rrs(645)\ 0 and

Rrs(555)\ 0 and Rrs(547)[ 0; Level 4: Rrs(678)\ 0 and

Rrs(645)\ 0 and Rrs(555)\ 0 and Rrs(547)\ 0.

A number of MODIS-Aqua images that have been

previously identified by other workers as blooms of Tri-

chodesmium were chosen to evaluate the above algorithm.

Use of this approach is not specific for identifying blooms

of Trichodesmium; its use is restricted to estimating the

extent/concentration of field verified Trichodesmium

blooms.

APPLICATION OF MODEL

Figure 1 shows the application of Level 1 and Level 2

classifications of the MODIS-Aqua Chl a image examined

by Rousset et al. (2018) in the Noumea region which they

concluded was a bloom of Trichodesmium. The image

shows a close resemblance to that presented by Rousset

Fig. 1 Application of Level 1 and Level 2 Classifications of MODIS-Aqua (Chl a) image (5 March 2015) in the South Pacific Noumea region
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et al. (2018) but in addition the results suggest there are

regions of higher (Level 2) and lower (Level 1) surface

concentrations of Trichodesmium.

Figure 2 shows the application of Level 1 to Level 4

classifications of a SeaDAS RGB MODIS-Aqua Image

(using default RGB-NASA MODIS L2 wavebands

667–531–443 nm with Turbidity Mask activated) of the

Capricorn Channel region of the GBR that was examined

for the large scale distribution of Trichodesmium by

McKinna et al. (2011) and Rousset et al. (2018). The

results are in general agreement with those of McKinna

et al. (2011) and Rousset et al. (2018) but in addition the

results suggest quite a distinctive variation from low to

high concentrations from the outer to inner regions of the

bloom formation. A number of black pixels in the inner

region were denoted as indeterminate values by SeaDAS. It

is suggested that, assuming these pixels are not associated

with cloud cover, these indeterminate values are most

probably due to very high reflectance values promoted by

surface mats of Trichodesmium.

Figure 3 shows the application of Level 1 and Level 2

classifications of a SeaDAS RGB MODIS-Aqua image of

the West Coast of Florida region that was identified by Hu

et al. (2010) as probably being a Trichodesmium bloom. A

number of black pixels in the inner region of this image

were denoted as indeterminate values by SeaDAS. Again it

is suggested that these indeterminate values are most

probably due to very high reflectance values promoted by

surface mats of Trichodesmium.

Figure 4 shows the application of Level 1 to Level 4

classifications of the RGB MODIS-Aqua Image (with

Turbidity Mask activated) of the Central GBR region that

was identified (Riebeek 2011) as probably being a signif-

icant Trichodesmium bloom. The results suggest quite a

distinctive variation from low to high concentrations from

the outer to inner regions of the bloom formation. The

black pixels in the inner region of this very clear image

probably represent surface mats of Trichodesmium.

Figure 5 shows the application of Level 1 and Level 2

classifications of the RGB MODIS-Aqua image (with

Turbidity Mask activated) in the Whitsunday/Mackay GBR

region which was identified by McKinna et al. (2011) as a

Trichodesmium bloom that followed a river flood plume

event. This analysis shows a distribution pattern of Tri-

chodesmium similar to that derived by McKinna et al.

(2011) but in addition suggests that higher concentrations

Fig. 2 Application of Level 1 to Level 4 Classifications of a RGB MODIS-Aqua image (17 Oct 2007) of the Capricorn Channel region of the

GBR
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occur towards the inner bloom regions. McKinna (2010)

notes that dense surface aggregations of Trichodesmium

were reported during sampling of the flood plume on the

previous day; a surface sample was analysed and yielded a

Chl a concentration of * 2300 mg m-3. The results in

Fig. 5 show that high suspended sediment, coloured dis-

solved and detrital matter associated with the flood plume

are not misclassified as Trichodesmium by the present

model.

Figure 6 shows the application of Level 1 to Level 4

classifications of a RGBMODIS-Aqua image (with Turbidity

Mask activated) in the Central GBR region. This image shows

that the bloom is quite extensive and again, that the nearshore

waters which are generally characterised by high suspended

sediment and coloured dissolved and detrital matter are not

misclassified as Trichodesmium. McKinna (2010) identified

extensive surface accumulations of Trichodesmium in the

Southern region of this image. The area covered by this bloom

is estimated to be * 10 000 km2.

ESTIMATED N-LOADS FROM TRICHODESMIUM

The above images show that the significant reflectance

signal recorded by the satellite data is useful in estimating
Fig. 3 Application of Level 1 and Level 2 Classifications of RGB

MODIS-Aqua Image (22 May 2004) off the West Coast of Florida

Fig. 4 Application of Level 1 to Level 4 Classifications of RGB MODIS-Aqua Image (9 August 2011) in the Townsville to Mackay GBR region
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the aerial extent of the surface accumulations of the Tri-

chodesmium and possibly a range of concentrations within

those accumulations. However the surface accumulations

can be notoriously patchy at all scales; very high concen-

trations at the surface and probably not very deep. In order

to estimate the probable impact of such accumulations on

water quality we require an estimate of the N content of the

Trichodesmium, the proportion of that N content that is

fixed by the Trichodesmium, some measurement of average

volumetric concentration of the Trichodesmium and the

depth variation of that concentration. The volumetric

concentration is usually determined by microscopic counts

(e.g., filaments/trichomes per litre and average cells per

filament/trichome) and/or by associated Chl a measure-

ments. Few such data are available for the GBR, far more

data are available for other regions around the world. For

example Devassy et al. (1978) measured bloom Chl

a concentrations * 500 mg m-3 in the top 5 cm of the

water column and Karl et al. (1992) measured an average

Chl a concentration * 1100 mg m-3 in surface accumu-

lations. McKinna (2010) notes that the Trichodesmium

accumulations in the GBR were generally concentrated in a

layer 1–2 m deep and that the measured Chl

a concentrations in two grab samples were 57 and 315

mg m-3. McKinna (2010) reports that a grab sample of the

surface accumulation depicted in Fig. 5 had a Chl a con-

centration of * 2300 mg m-3. If this were concentrated in

the top 5 cm layer, as found by Devassy et al. (1978), it

would equate to a value * 115 mg Chl a m-3 over a 1 m

mixed layer. The results in the above images show that

there can be quite a range in reflectance and hence in the

Trichodesmium biomass concentration in the surface

accumulations. The results from the experimental reflec-

tance studies and modelling studies of Borstad et al. (1992)

show that Trichodesmium concentrations greater than

100 000–200 000 filaments L-1 (which based on mea-

surements of Borstad (1978) corresponds to * 10–20 mg

Chl a m-3) should produce a significant reflectance. These

results suggest that the Level 1 classification in the above

images could represent Chl a concentrations of the order of

* 10–20 mg m-3 but this would need to be verified by

field data collected during Trichodesmium bloom events.

For modelling purposes McKinna (2010) assumed the

Trichodesmium was concentrated in the top 2 m layer and

that the concentration was characterised by a Chl a value of

100 mg m-3. In the present work a more conservative

Fig. 5 Application of Level 1 and Level 2 Classifications of RGB MODIS-Aqua image (28 January 2005) in the Whitsunday/Mackay GBR

region
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approach is taken in order to estimate the N load associated

with the recorded surface accumulations, namely a 1 m

mixed layer with an average Chl a concentration of 20 mg

m-3 is assumed to occur over the Level 1 to Level 4

regions in Fig. 6. In addition we assume a N:Chl a (w/w)

ratio of 71:1 (Mague et al. 1977) and that the N content of

the Trichodesmium has been supplied predominately by

N-fixation. Using this approach we estimate that the N

content and hence the new-N load introduced by the bloom

in Fig. 6 is * 14 000 tonnes which is far greater than the

estimated annual DIN load from riverine discharges

entering the Central GBR lagoon (* 4200 tonnes, Kroon

et al. 2012). This new-N load is of the same order as the

estimated N-fixation load based on 15N/14N analysis of

coral cores (Erler et al. 2020) and the available data on the

N-fixation rates and distribution of Trichodesmium in the

GBR lagoon (Bell et al. 1999; McKinna 2010). The actual

annual N load could be much higher than this estimated

value because much of the N fixed by Trichodesmium is

released as DIN to the water column during the exponential

growth phase and during the more senescent surface

accumulation phase (Mulholland and Bernhardt 2005).

Also more than one bloom of Trichodesmium can occur

annually (Revelante and Gilmartin 1982). It is essential

that a more accurate estimate of the N load be determined;

this will require the conducting of various field studies

prior to and during bloom events.

IMPORTANCE OF PHOSPHORUS AND TRACE

ELEMENTS

Various studies have shown that the N-fixation rates and

growth rates of Trichodesmium and other diazotrophs

common to the GBR would be increased by relatively

small increases in the background concentrations of reac-

tive inorganic phosphorus (P-PO4), dissolved organic

phosphorus (DOP) and trace elements such as iron (Fe)

(Bell et al. 2005; Mulholland and Bernhardt 2005; Fu et al.

2005). The phosphorus and trace elements can be supplied

by various sources including riverine discharges, waste-

water discharges and dust deposition (Shaw et al. 2008;

Tran 2015). Also on decay, the DOP utilized by Tri-

chodesmium could be released as biologically available

phosphorus (BAP) which could promote the growth of

other phytoplankton which cannot use the available

Fig. 6 Application of Level 1 to Level 4 Classifications of RGB MODIS-Aqua image (31 July 2008) in the Central GBR region
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background DOP. Studies are required to evaluate if DOP

in the GBR waters supports the growth of Trichodesmium

and if the BAP released by Trichodesmium promotes the

growth of other phytoplankton.

DISCUSSION

The simple satellite algorithm developed in the present

work should be useful for not only monitoring the spatial

extent of Trichodesmium blooms but also for quantifying

the concentration of those blooms provided enough coin-

cident field data is obtained to help ‘calibrate’ the satellite

imagery. The current research and monitoring plans need to

be updated to more accurately assess the potential impacts

of Trichodesmium and management plans need to be

developed to reduce those impacts.

Shortcomings of Current Research and Monitoring

Programs

The evidence that Trichodesmium blooms are probably

providing a significant source of bioavailable nutrients to

the GBR lagoon has been ignored by the current Scientific

Consensus in establishing the RWQPP. Also the impor-

tance of loads of phosphorus and trace components that

would promote the growth of Trichodesmium has not been

recognised. Current management programs also ignore the

evidence that Trichodesmium blooms could promote the

bioavailability of heavy metals (Jones 1992) and could be a

potential source of toxins in the ciguatera food chain

(Kerbrat et al. 2010) and hence could be having a signifi-

cant negative impact on the fisheries industry. A number of

critical questions regarding the impacts of water quality on

GBR ecosystems are posed in the RWQPP but no inte-

grated water quality/ecological (phytoplankton ? zoo-

plankton) monitoring program is proposed for answering

these questions. Such a program similar to that undertaken

by Revelante and Gilmartin (1982) and Ikeda et al. (1980)

would be useful for answering many of the posed ques-

tions. For example as shown by other workers (Revelante

and Gilmartin 1982; Bell 1992; Jones 1992; Bell et al.

1999; Bell et al. 2014a and b) data from such an integrated

water quality/ecological monitoring program would pro-

vide valuable information on:

• the relative importance of various sources of nutrients

e.g. riverine discharges, wind-resuspension of sedi-

ments, dust storms, upwellings and growth of

Trichodesmium;

• the links between the growth of Trichodesmium and the

production of bioavailable toxins;

• the identification of probable links between eutrophi-

cation and the proliferation of corallivores (e.g. COTS

and Drupella spp.), jelly-fish, coral skeletal diseases

and coral bleaching.

Proposed Action Plan

I recommend that an integrated water quality/ecological

monitoring program be established at three cross-shelf

locations (e.g. Northern Transect off Port Douglas; Central

Transect off Townsville; Southern Transect off Gladstone).

In addition:

• Satellite imagery should be used to provide information

on the frequency and spatial extent of the Tri-

chodesmium blooms and various insitu monitoring

methods should be employed to help quantify the loads

of nutrients and toxins associated with such blooms.

• The sources of the principal nutrient/trace components

that promote the growth of Trichodesmium need to be

identified and management programs should be imple-

mented to reduce the loads of such components.

• The potential benefits of harvesting Trichodesmium

from the concentrated surface accumulations, as has

been proposed for cyanobacterial blooms in the Baltic

Sea (Gröndahl 2009), should be investigated. The

harvested algae could have a significant monetary value

(e.g. as a source of bio-fertilizers, biofuels and/or fine-

chemicals) that could more than offset the cost of

harvesting. This proposed ‘‘Cleaning the Fishpond’’

program has the potential to have immediate positive

effects on the environment by providing a significant

reduction in both the nutrient loads and the resultant

promotion of algal blooms. Also, if it is demonstrated

that Trichodesmium blooms are promoting the bioavail-

ability of heavy metals and/or toxins in the ciguatera

food chain, then harvesting of the Trichodesmium

would provide valuable assistance to the fisheries

industry.
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