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Primary producers in Moreton Bay:
Phytoplankton, benthic microalgae and
ﬁlamentous cyanobacteria

Abstract
Phytoplankton and benthic microalgae are critical to the ecosystem productivity of
Moreton Bay. The Bay is oligotrophic for most of the year, with acute nutrient pulses
delivered by high rainfall events. These nutrient pulses are important drivers of primary
production leading to phytoplankton growth and shifts in species composition.
Consistent with many coastal areas of the world, the phytoplankton community is
dominated by diatoms and a range of pico- and nanoplankton. A west to east gradient
of phytoplankton standing stocks across the Bay reﬂects the inﬂuence of river and
groundwater discharges. In the past, sewage discharge has also been a signiﬁcant
driver of phytoplankton growth in the western region of the Bay, particularly prior to
2000 when a sewage treatment plant at the mouth of the Brisbane River was upgraded
to reduce nutrient discharges. The management of sewage successfully reduced
phytoplankton standing stocks, and appears to have improved resilience to acute
rainfall events. Acute rainfall events also deliver pulses of sediments, particularly from
catchments cleared of vegetation, which aﬀects Moreton Bay light conditions in the
water column and silt content of the sediments. The species composition of benthic
microalgae (BMA) in the Bay is dominated by diatoms and is driven by the silt content
of the sediment. It is hypothesised that low light conditions limit benthic algae and
phytoplankton productivity during and following events, in the same way that light
limitation aﬀects seagrass productivity; however, research in this area is limited. The
exception to diatom dominance in the shallow sediments is in locations where the toxic
benthic cyanobacterium Lyngbya majuscula occurs. L. majuscula blooms have become
regular in occurrence, especially in the north western Bay. Anthropogenic inﬂuences
including changes in nutrient inputs likely led to these increased occurrences. Overall
the phytoplankton and BMA biomass and species composition of the Bay reﬂect a
relatively healthy system that has improved in response to management intervention.
Despite this, persistent chronic pressure from catchment-derived sediment and
nutrients has potential to erode this resilience.
Keywords: microphytobenthos, diatoms, ﬂood, cyanobacteria, productivity, sewage,
Lyngbya, nutrient limitation
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Background

Phytoplankton and benthic microalgae (BMA) are critical for the productivity, water
quality, habitat condition and biodiversity in Moreton Bay (the Bay). In the Bay it is
estimated that phytoplankton contribute 74% to Bay productivity and BMA 9% (5). In
coastal systems globally, these primary producers are under pressure from increasing
sediment and nutrient enrichment caused by human development. Nutrient enrichment
can cause persistent phytoplankton blooms and shifts in phytoplankton community
composition, which in extreme cases leads to harmful algal blooms (HABs) and hypoxic
dead zones (6–8). Such conditions in turn aﬀect light and oxygen at the benthic
interface, leading to species shifts and growth limitation of the benthic microalgae
(BMA). Changes in and loss of BMA aﬀect nutrient cycling and increases nutrient
availability for pelagic productivity, furthering degrading water quality and habitat
conditions (5, 9).
Moreton Bay is naturally oligotrophic—low nutrients, low productivity (<100 g C m-2 y-1
following the Nixon (10) classiﬁcation)—and on a global scale it is a relatively
undisturbed system (11–13). However southeast Queensland is one of the fastest
growing regions in Australia, with a current human population of 3.5 million (14) and
over the years there have been indications of anthropogenic impacts, speciﬁcally
eutrophication, in some regions of the Bay. This chapter synthesises the existing
understanding of phytoplankton and BMA communities of the Bay, and highlights
human pressures that may impact growth and species composition of these primary
producers.
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Figure 1. Mean chlorophyll a concentrations (µg L-1) at long-term
monitoring sites (Ecosystem Health Monitoring Program (EHMP))
throughout Moreton Bay based on monthly sampling for the period
2006-2016 (n = approx. 120 per site) (2).

Phytoplankton
Community characteristics
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Abundance and distribution

Moreton Bay is oligotrophic for most of the year with acute nutrient pulses delivered by
high rainfall events that stimulate productivity (15–18). These nutrient pulses are
important drivers of primary production leading to phytoplankton growth (19–21). A
west to east gradient of phytoplankton standing stocks across the Bay reﬂects the
inﬂuence of river discharges (Fig. 1). Overall the mean annual chlorophyll (Chl a)
-1
concentration in the Bay is 2.09±0.5 µg L , based on monthly samples between
2006-2016 at 67 long-term monitoring sites (2) (Table 1). In the western and southern
regions of the Bay, there is a signiﬁcant riverine inﬂuence, with mean annual Chl a
concentration of 2.20 ±0.7 and 2.36 ±0.8 µg L-1 respectively. The range of annual
maximum Chl a for these regions is 6.2-37.4 and 7.3-44 µg L-1 respectively. In the
eastern bay Chl a levels are relatively low, as this region is least inﬂuenced by river
discharges and has the strongest oceanic inﬂuence (0.87±0.28 µg L-1). Chl a
concentrations are highest during the wet summer months when rainfall and runoﬀ is
highest (approximately September-April), and lowest in the dry winter months
(approximately May to August) (12, 22, 23).
Queensland Government policy sets water quality objectives for maintaining the
environmental value of the Bay, which include objectives for Chl a concentrations. The
mean annual Chl a concentrations in the western and southern regions for the period
2006 – 2016 reached or slightly exceeded these guideline values. In contrast, the
eastern regions more frequently fall below guideline maximum values (Saeck et al. this
volume (25)) (Table 1).
Table 1. The Mean chlorophyll a concentrations (µg L-1) in Moreton Bay based on longterm monitoring sites, compared against the Queensland Government (2009) water
quality objectives for diﬀerent regions of the Bay (Ecosystem Health Monitoring
Program (EHMP)) sampled monthly for the period 2006-2016 (n = approx. 120 per site)
(2, 24).

Region

Mean
annual Chl
a (µg L-1)
(±SD)

Min (µg
Chl a L-1)

Max (µg
Chl a L-1)

Queensland Govt
water quality
objectives (2009)
(µg Chl a L-1) (21)

Moreton Bay
overall

2.09±0.5

<0.10

44.0

Western bay

2.20 ±0.7

<0.10

37.4

<2.0

Southern bay

2.36 ±0.8

<0.10

44.0

<2.0

Eastern bay

0.87±0.28

<0.10

11.1

<1.0
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Productivity rates

In 1997, O’Donohue & Dennison (26) concluded that Moreton Bay has overall low areal
phytoplankton productivity (<25 mg C m-2 h-1) due to light and nitrogen limitation during
summer and temperature limitation during winter (26, 27). Peaks in phytoplankton
productivity occur following rainfall events. The system is slightly net autotrophic, with
an estimated 3% of carbon being exported to the ocean. It is hypothesised that rapid
recycling of the nitrogen pool in the water column supports these rates of primary
productivity within the Bay (5, 28).

Figure 2. Spring/dry condition (grey bars) and summer/wet condition (black bars)
primary productivity rates (mg C m-2 h-1) measured (using 13C uptake methods) in
central (906, 921, 510) and southern (303, MF, 319) Moreton Bay (Saeck,
unpublished data). Spring samples were collected under dry conditions (November
2009) and summer samples were collected during high rainfall inﬂow conditions
(February 2010). Error bars represent standard error of three replicate samples.
Refer to Fig. 1 for map of station locations.

Few studies have measured phytoplankton productivity rates in Moreton Bay since 2000
(5, 23, 29). Saeck (unpublished data) measured productivity rates across the Bay in
2009 and 2010 using 13C uptake incubations as per Burford et al. (30). The study found
areal productivity rates signiﬁcantly higher in the delta region of southern Moreton Bay
compared with the central region (Fig. 2). Cloern (13) reviewed phytoplankton
productivity rates across natural and modiﬁed coastal systems globally and reported
that 29 mg C m-2 h-1 is the median rate, with maximum rates of 215 mg C m-2 h-1. As
such, in a global context, measured Moreton Bay rates fall below global medians,
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especially during dry conditions (noting that methods to measure productivity diﬀers
between studies and can cause signiﬁcant variation in rates) (Fig. 2) (13).

Community composition
The Moreton Bay phytoplankton community includes species most typical of the
temperate neritic assemblage, as described by Jeﬀrey & Hallegraeﬀ (31), with an
abundance of chain-forming diatoms (Fig. 3, A-D) and a low proportion of nano- and
picoplankton (1, 32, 33). The community responds to highly variable and episodic
intrusion of land-derived nutrients, following which the ever-present diatom populations
form peaks in biomass (1). However, there is spatial variation across the Bay, with
relatively more oceanic and dinoﬂagellate species in the northern regions compared
with the south (29, 32, 34).

(A) Skeletonema costatum

(B) Asterionellopsis sp
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(C) Chaetoceros sp

(D) Protoperidinium sp

(C) Thalassionema sp

Figure 3: Images of phytoplankton sampled from Moreton Bay (29): A) Skeletonema
costatum; B) Asterionellopsis sp.; C) Chaetoceros sp.; D) Protoperidinium sp., and E)
Thalassionema sp.

Nutrient status
Moreton Bay phytoplankton growth rates are typically limited by nitrogen, meaning that
when nitrogen availability increases growth is stimulated. This observation is based on:
coupled physical and biogeochemical modelling of Moreton Bay (35, 36); phytoplankton
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bioassay experiments (23, 26, 29, 37); and trend analyses of water quality monitoring
data (22). Nutrient budgets calculated for Moreton Bay have found the rivers and
catchment only contribute 1% of phytoplankton demand for dissolved inorganic
nitrogen, suggesting signiﬁcant reliance on nitrogen recycling, benthic ﬂuxes and N
ﬁxation to meet nitrogen demands (5).
The degree of nitrogen limitation varies across the Bay, reﬂecting the west to east
nutrient gradient and the inﬂuence of river discharges and groundwater input (38).
Speciﬁcally, studies have found low or no phytoplankton response (measured as
growth, carbon uptake and/or photosynthetic yield, Fv/Fm) to nitrogen in samples
collected from the nearshore areas at the mouths of Brisbane and Logan River, whereas
samples from the central to eastern Bay consistently responded to nitrogen addition
(29, 37, 39).
Furthermore, Saeck et al. (37) found that when ambient dissolved inorganic nitrogen
-1
concentrations were higher than 2 µm L , phytoplankton photo-synthetic yield (Fv/Fm) in
bioassays of Moreton Bay water samples did not respond to additions of dissolved
nitrogen (N). This suggests an ecological threshold above which Moreton Bay
phytoplankton consistently have a high potential for growth and subsequent blooms,
unless limited by other factors such as light, Phosphorus (P), silica (S), iron (Fe) or
residence times.
In terms of nutrients other than N, Glibert et al. (23), O’Donohue et al. (26) and Quigg et
al. (29) found little to no increase in growth response with P additions. Phytoplankton
may respond to P by increased P storage, rather than growth. However, the lack of an
increased response to N and P together suggests that there is no co-limitation of these
two nutrients. Glibert et al. (23) similarly found minimal response to Si, and concluded
that Si is unlikely to limit phytoplankton biomass in the Bay.

Pressures
Vulnerability to acute nutrient inputs from high inﬂow events
Increased phytoplankton abundance following high rainfall and river inﬂow events is a
pattern broadly found in coastal studies (e.g. Burford et al. (40); Valdes-Weaver et al.
(41)). Runoﬀ events deliver new dissolved inorganic nitrogen and Moreton Bay
phytoplankton respond by increasing productivity, growth rates and photosynthetic
yields (1, 23, 26). Typically, there are increased abundance of phytoplankton in the
western and southern regions of Moreton Bay following events, irrespective of season
(1, 29, 32).
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Phytoplankton community composition varies when comparing diﬀerent high inﬂow
events, with no consistent pattern of response. This is because the conditions
associated with each event are unique, as every ﬂood varies in nutrient, turbidity and
ﬂow characteristics. Previous studies of coastal systems have reported signiﬁcant
variability in species response patterns to new nutrient inputs, not only between
locations but also between events (42, 43). In Bramble Bay, Saeck (1) found diatoms
consistently dominated the initial peak — typically large chain-forming species — but
the proportion of these species varied. In the 1996 Brisbane River ﬂood event the
community was dominated by Bacillariaceae and Rhizosoleniaceae; the 2009 event was
diverse with signiﬁcant contributions from Chaetocerotaceae, Thalassiosiraceae,
Fragilariaceae and Leptocylindraceae; while the 2011 event was dominated by
Skeletonemaceae and Chaetocerotaceae (1, 44).
Phytoplankton blooms oﬀ the east coast of Australia have been described by Hallegraeﬀ
and Jeﬀrey (45) to follow a predictable succession pattern from dominance by small
chain-forming species to large centric species and eventually to large dinoﬂagellates.
Most studies of the Bay have not detected a consistent diatom to dinoﬂagellate
succession pattern following high ﬂow events (1, 44){Heil, 1998 #123;Heil, 1998
#123}, but this may be due to the limited sampling frequency following events.
In addition to nutrients, high ﬂow events introduce suspended particulates that strongly
increase light attenuation and would be expected to inﬂuence pelagic primary
productivity. Light limitation aﬀects BMA and seagrass productivity in the Bay (46–48).
As such, by extension, it is hypothesised that light limitation would act on
phytoplankton productivity following events. However, research in this area is limited.

Vulnerability to chronic sewage nutrient inputs
Studies have shown that discharged sewage loads discharged can impact the
phytoplankton community dynamics, including increasing standing stocks and
extending the duration of blooms resulting from catchment ﬂow events (9, 49, 50).
Historically (prior to 2000) Bramble Bay, in western Moreton Bay, was characterised by
elevated nitrogen concentrations (4 – 8 μmol L-1 dissolved inorganic nitrogen (DIN)) and
phytoplankton biomass (4 – 10 μg L-1 Chl a) (22). This eutrophication was found to result
from sewage related nitrogen (22, 35, 36, 51) and prompted major investments to
improve the nitrogen removal capacity of sewage-treatment plants in the region. The
reductions in chronic sewage nitrogen loads resulted in reduced mean monthly Chl a
concentrations. Following sewage reductions (post 2003) Chl a concentrations were
consistently lower at inshore sites, compared with years prior to the sewage treatment
plant upgrades (mean below 2.0 and 4.5 μgL-1 for Stations 921 and 906 respectively)
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(2, 22) Saeck et al., this volume (25).

Figure 4. Trajectory of annual mean Chl a concentration (µg L-1) at
a station inﬂuenced by the Brisbane River Plume and sewage
treatment plant outfall (Station 922, refer to Fig. 2 for map).
Redrawn from Saeck et al. (19).

Comparison of the response of phytoplankton to the high ﬂow events of 1996 (prior to
sewage N reductions) and 2011 (decade after sewage N reductions), found that the two
events were associated with a total annual nitrogen load of similar size. However, the
phytoplankton response to these events was signiﬁcantly diﬀerent (Fig. 4) (22). A single
runoﬀ event can deliver a nutrient load larger than the total annual sewage treatment
plant (STP) load. Notably, the bloom associated with the 2011 ﬂood peaked and fell
within two weeks of event, compared with the 1996 ﬂood when high phytoplankton
abundance persisted throughout the year (Fig. 4). This suggests that reduction of
chronic nutrient loads to Moreton Bay may have been successful in improving system
resilience to these large nutrient loading events.
Moreton Bay, like other sub-tropical and tropical coastal ecosystems, is particularly
vulnerable to shifts in nutrient delivery patterns (i.e. from acute events to chronic
loading) across all seasons. This is because temperature infrequently falls low enough
between seasons to limit growth (39). In comparison, in temperate estuaries, sewage
nutrients have been found to aﬀect phytoplankton Chl-a only during the warmer
summer months (50).
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Benthic microalgae (BMA)
Community characteristics
Role in sediment nutrient ﬂux to surface waters
Benthic microalgae (BMA) are found at the sediment water interface (52). Their
community composition largely mirrors that of phytoplankton with all major algal
groups represented including cyanobacteria, diatoms, dinoﬂagellates and chlorophytes
(53, 54). BMA play a key role in nutrient cycling, occupying the zone between anoxic
sediment porewaters and oxic surface waters (5, 55). Sediment porewaters in the Bay
generally have two to three orders of magnitude higher of DIN and P concentrations
compared to overlying surface waters (36). Oxygenation of sediment surface layers
through BMA photosynthesis controls the ﬂux of available N and P to the surface waters
(56, 57). However, blooms of N-ﬁxing benthic cyanobacteria can ﬁx signiﬁcant amounts
of N and increase N availability to surface waters (58, 59). The relative importance of N
ﬁxation to the overall nutrient budget is dependent upon the frequency and magnitude
of these blooms (60).

Abundance and distribution
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Figure 5. Benthic microalgae distribution (mg Chl a m-2)
across Moreton Bay based on contour interpolation of Chl a
data collected in August 1998 from a 55-site sampling grid
(redrawn from Udy (58)).

Udy et al. (3) studied the biomass and distribution of BMA at 55 sites across the Bay
and found signiﬁcant patchiness across the Bay, reporting high variability within and
between sites. The highest densities were found on the intertidal banks and at depths
shallower than 5 m (Fig. 5). Biomass, as indicated by Chl a concentration, ranged from 0
to 195 mg Chl a m-2. Seasonal patterns in Chl a appear to diﬀer between the western
and eastern Bay. Speciﬁcally, during the cool dry season BMA Chl a increases in the
western Bay and this is hypothesised to be the result of improved water quality
conditions during this period. In contrast, in the eastern Bay, where water quality is
higher year round, BMA Chl a declines during winter.
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Productivity rates

Studies show that the productivity of BMA in the Bay is strongly seasonal, with
signiﬁcant inﬂuence of temperature and light availability. Grinham et al. (47) reported
that BMA productivity across the Bay was typically higher in summer than winter.
During summer, when temperatures were highly suitable for growth, productivity was
primarily inﬂuenced by light and, consequently, by water clarity.
In shallow coastal systems, BMA can contribute up to 50% of the total primary
productivity (61), although in Moreton Bay, BMA productivity is estimated to be 9% of
total carbon inputs (5). The overall productivity of BMA across the Bay has been
estimated in several studies and these range from 50 to 350 mg C m-2 d-1 (5, 28, 36,
47). As such, BMA and phytoplankton represents the smallest biomass in the Bay
compared with seagrass and mangrove (i.e. <1% of the total carbon). However, they
contribute the highest productivity (producing 81% of total C y-1) (3, 5, 36). This
supports the theory that they have signiﬁcant inﬂuences on nutrient and sediment
processes across the Bay.

Community composition
The Moreton Bay BMA community is dominated by pennate diatoms (3, 47, 62), a
pattern typical of many other temperate and tropical coastal systems (52, 53). BMA
species typically found in the Bay include those of genera: Pleurosigma, Navicula,
Achanthes, Cocconies, Cyclotella, Paralia, Grammatophora, Amphora, and
Dimmeregramma (3, 47, 62). Like water column phytoplankton, there is spatial
variation across the Bay in terms of species composition.
Benthic diatoms, and other BMA, live on top of (epipelic) or attached to (epipsammic)
the sediment particles. Moreton Bay benthic diatom assemblages are predominantly
epipsammic, due to the presence of tidal sand banks made up of terrestrial and marine
sands (54). However, there is increasing silt content in the southern areas of the Bay,
and this shifts the diatom community structure, increasing the epipelic fraction. It also
increases the overall species diversity and favours larger species (47, 51) in these
areas. This silt eﬀect has been found in other studies (63– 65).

Pressures
Vulnerability to chronic terrestrial sediment and nutrient inputs
Catchment development in South East Queensland has elevated sediment and nutrient
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loads delivered to Moreton Bay. Consequently, in the western and southern regions of
the Bay nutrient concentrations, silt content and light attenuation are all higher (66).
This has aﬀected the productivity, and community composition of Moreton Bay BMA
communities, which negatively aﬀects benthic nutrient assimilation capacity reducing
benthic productivity more than 50% compared to pre-European settlement (67).
Elevated nutrient concentrations have the potential to increase benthic productivity
under high light conditions (47). However, nutrients also stimulate phytoplankton
biomass, which can limit benthic light availability. Grinham et al. (47) found that
productivity was not signiﬁcantly higher in western and southern Moreton Bay even
though nutrient concentrations were relatively higher (68). It was concluded this was
the result of light limitation, caused by elevated phytoplankton and suspended
sediment levels. Overall, reduced water clarity narrows the depth in which BMA grow
and reduces the productivity of those areas.

Figure 6. Relative abundance (%) of benthic (Paralia fenestrata, Cyclotella litoralis,
Grammataphora, Dimmeregramma) and planktonic (Thalassiosira, Thalassiothrix,
Chaetoceros) diatoms in a sediment core taken from central Moreton Bay representing
deposition over the period from 1959 to 2011 (72).

Experimental studies in other systems demonstrate that BMA species composition may
shift in response to nutrient enrichment (64, 69, 70). Sediment cores suggest that in
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central Moreton Bay, the diatom community as a whole (benthic and planktonic species)
has undergone signiﬁcant changes following the onset of increased nutrient and
sediment yields of the coastal rivers draining into the Bay (71). Most notably, there has
been a decrease in the abundance of typically benthic diatoms (Pleurosigma
fenestrata, Cylotella litoralis, Grammataphora, Dimmeregramma) coupled with an
increase in the occurrence of planktonic marine diatoms (Thalassiosira, Thalassiothrix)
and chain forming species (i.e. Chaetoceros, Ceratulina bicornis). This was also
apparent during the 2011 ﬂood event where planktonic diatoms were stimulated over
benthic forms (Fig. 6).
Grinham et al. (54) found increased diatom diversity associated with silt content across
Moreton Bay. Fine sediments are accumulating in the western Bay (73). However, the
impact of muddy sediments on BMA community composition has not been studied.
Coates-Marnane et al. (73) predicted that the ﬁne sediment accumulation in Moreton
Bay may be approaching a threshold beyond which sediment resuspension will
accelerate and cause chronic light limitation. Generally, in coastal systems, under
extreme light attenuation the structure of BMA communities can undergo large shifts,
with biodiversity declining until they are completely lost from the system (10). This may
have signiﬁcant implications for nutrient cycling and water quality, and on populations
that depend on BMA communities as a source of nutrition, including some benthic
invertebrates and herbivorous ﬁshes.

Vulnerability to Lyngbya majuscula blooms
Intertidal and subtidal areas of Moreton Bay are vulnerable to blooms of the
toxicﬁlamentous cyanobacterium Lyngbya majuscula. This N-ﬁxing and toxin-producing
cyanobacteria occurs naturally in the Bay, growing on sediment or attached to
macroﬂora, such as seagrass. Outbreaks of very high biomass can occur when trace
nutrients (e.g. Fe) from surface and ground water are available and light and
temperature conditions are favourable (59, 74–76). These harmful algal blooms have
been occurring in Moreton Bay since 1997, although reports suggest episodic blooms
occurred periodically prior to this date, but not at the same scale or frequency (Fig. 7)
(77). The increasing occurrences of blooms can be linked to increased nutrient loading.
However, the relationship between nutrients and blooms is highly complex and
environmental conditions, such as light, temperature, current velocities and redox state
of the sediments, must also be favourable (78).
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Figure 7. Lyngbya majuscule extent based on monitoring data (DEHP,
2003-2012). A kernel density function was applied in GIS using a 1 km
density radius to generate the extent and distribution of Lyngbya blooms
for the time period 2003-2012. This map represents the actual algal bloom
risk. An additional kernel density using a 5 km density radius was also
generated showing actual and surrounding at-risk areas. The density took
into consideration the Lyngbya intensity score (4).

The impact of Lyngbya on BMA productivity, distribution and community composition
has not been investigated. Lyngbya blooms aﬀect light, nutrient and oxygen availability
at the benthos (79), which is likely to have a signiﬁcant impact to the BMA. Studies
have found Lyngbya blooms can cause shifts in the meiofaunal species assemblages
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and their depth distribution in the sediments (79, 80). Similarly shifts in the BMA
community composition would be expected.

Conclusion
Phytoplankton and BMA are critical to the productivity of Moreton Bay and are key
indicators of water quality, habitat condition and biodiversity. The Bay remains
predominantly oligotrophic with peaks in growth and productivity stimulated by acute
nutrient pulses delivered by high rainfall events. Compared to coastal systems around
the world, the rates of productivity and abundance of these primary producers are
relatively low. This suggests that, despite pressure from human development, the Bay
remains relatively healthy and resilient to current levels of nutrient and sediment input
from activities within the catchment. Extensive monitoring and management,
speciﬁcally the investment in upgrades of sewage treatment plants in the early 2000s,
have contributed to signiﬁcant improvements and protection of this resilience.
The Bay’s phytoplankton community appears to be resilient to both long-term and
short-term changes in nutrient inputs, with no evidence of permanent state shifts to
date in response to such changes. Historical trends show that persistently elevated
phytoplankton abundance was associated with elevated N concentrations related to
sewage nutrient inputs (pre-2003). This appears to have been a temporary change in
the community rather than a permanent state shift. The trend was reversed when N in
sewage discharges was lowered. This suggests that there was resilience over the longterm to chronic nutrient loads and that management was appropriate. Similarly, on the
short-term seasonal scale, phytoplankton abundance and community composition shifts
in response to acute nutrient inputs associated with large episodic rainfall events that
are typical of sub-tropical and tropical systems. These shifts are also temporary, and
the communities return to baseline conditions within approximately two weeks of an
event.
The resilience of the Bay’s BMA community is less well understood. However, the
communities appear to be relatively healthy. Exposure to short-term spikes in sediment
loads associated with large episodic rainfall events may cause light limitation at depth
and temporarily restrict BMA gross productivity. However, this is a natural and
temporary response. More signiﬁcant is the pressure from chronic sediment loads, with
community shifts observed in places exposed to higher levels of siltation. There is a
trend of lower BMA biomass in central Moreton Bay, an area of high ‘mud content’
associated with the Brisbane River plume, and in southern Moreton Bay. Over time high
levels of siltation can result in loss of BMA from the system, a state change that would
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signiﬁcantly limit Moreton Bay’s productivity and nutrient assimilation capacity.
Research on groundwater inﬂuences to Moreton Bay indicate that it is a major
contributor to the hydrological and biogeochemical cycles, relative to riverine inputs
(38). As such, the role of groundwater in driving productivity relative to other nutrient
inputs may be signiﬁcant, however, there is a gap in research in this area. There are
also gaps in our understanding of light limitation impacts on phytoplankton and BMA
communities, despite research suggesting sediment, which impacts light conditions, is
considered a dominant pressure on Moreton Bay (81, 82).
Diﬀuse nutrient source management is a priority to protect the Bay from the current
and growing pressure of siltation and eutrophication. Grinham et al. (83) demonstrated
that nutrient concentrations and sediment discharge associated with major ﬂood events
are even higher than previously thought. As the Bay’s catchments remain degraded
nutrient loads will continue to increase, as will inﬁlling by sediment (73, 81, 82). These
factors will increasingly impact biogeochemical processes and hence primary producers
of the Bay. Catchment rehabilitation programs will have the twin beneﬁts of reducing
diﬀuse nutrient loading as well ﬁne sediment particle deposition to the Bay. The
reduction in ﬁne sediments would also improve benthic light ﬂux regime within the Bay
and allow further reductions in nutrient availability by reducing the sediment nutrient
ﬂux contribution.
Maintaining long-term water quality monitoring is also a priority for tracking and
responding to shifts in eutrophication pressure on the Bay. Over the years, monitoring
of nutrient indicators in the Bay has been instrumental in the identifying and
communicating the need for investment in nutrient management (84). However,
nutrient pools are dynamic, with regeneration and update occurring at times scales not
picked up with monthly monitoring. Nutrient concentrations and loads alone are not
useful for predicting ecosystem eﬀects (37). Monitoring programs that couple water
quality indicators with ecosystem indicators, such as phytoplankton and BMA
community composition and nutrient response, are critical for identifying pressures on
the Bay ecosystems.
The conceptual diagrams in Figures 8 and 9 synthesise the existing understanding of
phytoplankton and BMA communities of the Bay, and highlight how acute and chronic
pressures from nutrient and sediment pollution may aﬀect growth and species
composition of these primary producers. While current trends and patterns suggest
ecosystem resilience to such pressures, there is evidence that without action, ongoing
chronic pressures could threaten and tip this resilience in Moreton Bay.
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Figure 8. Conceptual diagram summarising how a) west to east gradients in nutrient and
sediment aﬀects phytoplankton species composition, and b) north to south gradients aﬀect
BMA community composition.
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Figure 9. Conceptual diagrams of Phytoplankton and BMA response under diﬀerent
management and climate scenarios 1) ambient conditions, 2) acute sediment and nutrient
inputs associated with monsoonal rain events, 3) chronic elevations in sediment loads
associated with land clearing, urban development and intensive land uses, and 4) chronic
nutrient inputs associate with sewage treatment plant discharges.
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