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This brochure describes the nutrient dynamics and growth of blue-green algae in
intensive aquaculture ponds, and their impact on water quality and aquaculture
production. It also describes how a novel natural product “Phoslock®™ successfully
removes PO, (an essential nutrient of blue-green algae) from aquaculture ponds and
controls their growth by sustained limitation.
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Phoslock® - the best environmentally friendly solution for controlling blue-
green algae and improving water quality in the aquaculture ponds

General features of blue-green algae

Bluegreen algae, scientifically known as Cyanobacteria, are microscopic
single-celled organisms that grow naturally in fresh and salt waters. They are
not algae (eukaryotes), but are a type of bacteria (prokaryotes), possessing
the ability to synthesize chlorophyll a. Therefore, they act like plants by using
sunlight to manufacture carbohydrates from carbon dioxide and water, a
process known as photosynthesis. Blue-green algae have vesicles or gas
pockets inside vacuoles within their cells that they inflate with gas, thus able to
regulate their buoyancy in response to environmental conditions. This is
advantageous over other algae as they have the ability to sink and rise at their
will and move to where nutrient and light levels are at their highest.

Nutrient requirements of phytoplankton and N:P ratio

In addition to light and carbon, growth of phytoplankton (all photosynthetic
aguatic microorganisms including algae and blue-green algae) consumes



‘nutrients’. Every replication of an algal cell roughly demands the uptake and
assimilation of a quota of inorganic nutrients similar to that in the mother cell.
In addition to carbon, the living protoplast comprises 19 other elements. The
elements/nutrients most often implicated in the constraint of algal growth are:
nitrogen, phosphorus, iron, and one or two of other trace elements, together
with silicon - the well known constraint on diatom skeletal growth.

Since the early twentieth century (1934) it has been recognized (primarily
through the late Harvard University scientist Alfred Redfield’s work on
Nitrogen:Phosphorus ratios) that the elemental composition of phytoplankton
was similar to that of the ocean: 16N:1P. Scientists have accepted this as a
constant called the Redfield ratio. However, the canonical Redfield N:P ratio
of 16 for phytoplankton is not a universal optimal value but instead represents
an average for a diverse phytoplankton assemblage growing under a variety
of different conditions and employing a range of growth strategies. The N:P
ratio is not fixed in the environment and this is mainly due to the inflow of
nutrients from anthropogenic sources such as fertilizers and runoff containing
nutrient rich waste (e.g. effluent).

Different cellular components of phytoplankton cells have their own unique
stoichiometric properties. Most notably, resource (light or nutrients) acquisition
machinery, such as proteins and chlorophyll, is high in nitrogen but low in
phosphorus, whereas growth machinery, such as ribosomal RNA, is high in
both nitrogen and phosphorus. Because these components make up a large
proportion of cellular material, changes in their relative proportions have a
marked effect on bulk cellular C:N:P stoichiometry.

During exponential growth, bloom-forming phytoplankton optimally increase
their allocation of nutrients toward production of growth machinery, reducing
their N:P ratio to ~8, far below the Redfield value of 16 (Figure 1). However,
when nutrients are scarce, slow-growing phytoplankton that can synthesize
additional nutrients acquisition machinery are favoured. This allocation of
nutrients results in optimal N:P ratios ranging from 36 — 45 (Figure 1).



The 'survivalist’
Has a high M:P ratio (>30)
Can sustain growth when reseuroes are low
Cantains copicus resource-acquisition machinery

The ‘bloomer’
Hag a low MNP ratio (<10)
Adapted for exponential growth =xi
Contains a high proportion of growth machinery

The 'generalist’ G E
Has a N:P ratic near the Redfield ratio

Balances growth and acquisiion machinery ———s——
Do rrany species with these attributes exisf?

Does the Redfield ratie moztly reflect a balance

between survivalists and bloomersin a popuation?

Growth machinery Resou rce-acquisition machinery

E! Ribosomal RMA has a low M.P ratio 8 Enzymes have a high NP ratio
g Pigment /proteine have a high M:P ratio

Figure 1: Three different phytoplankton growth strategies and their resulting cellular
N:P ratios (Arrigo 2005).

The optimal N:P ratio will vary from 8.2 to 45.0, depending on the ecological
conditions. The differences in N:P ratios between phyla and super families are
also significantly different.

Nutrient dynamics in aquaculture ponds

In intensive aquaculture ponds, natural carrying capacities are greatly
exceeded, and heavily laden artificial ecology is established among the
various organisms and the environment they live. Due to the high densities of
fish or prawn stock for profitable commercial aquaculture, ponds receive large
nutrient inputs from uneaten fish feeds, fish excretion, and sediment
mineralization/resuspension. Nutrient budget in aquaculture ponds revealed
that fish could only assimilate 20 — 27% nitrogen and 8 — 24% phosphorus of
the total inputs. It was reported that fish feed accounted for 90 — 98% nitrogen
and 97 — 98% phosphorus of the total inputs in aquaculture ponds. The major
nutrients sank into the sediment, which accounted for 54 — 77% nitrogen and
72 — 89% phosphorus of the total inputs.



Growth and proliferation of blue-green algae in
agquaculture ponds

A large portion of nutrients from fish feed is chemically or biologically
transformed and then released into the water and taken up by the algae
(including blue-green algae), resulting in the excessive production of algae.
Because of “static” pond systems and high amounts of nutrients added daily,
algal blooms are encouraged to grow and proliferate. Blue-green algae are
advantageous over other algae because of their ability to control buoyancy to
access areas of increased nutrients and light. Therefore, their growth rate is
much higher than other non-harmful algae in aquaculture ponds. Although
phytoplankton/algae are important to the aquatic food chains because they
are primary producers, blue-green algae are generally not eaten by other
aquatic organisms, because they produce secondary metabolites (e.g. toxins).
Therefore, blue-green algae are not an important part of the aquatic food
chain and food web. Uneaten excessive blue-green algae can produce
blooms in aquaculture ponds (Figure 2).
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Figure 2. Food chain and food web in aquatic ecosystems. A food chain is the flow of
energy from one organism to the next and a food web extends the food chain
concept from a simple linear pathway to a complex network of interactions. Algae are
the base of aquatic food chain and food web. Blue-green algae are not eaten by
zooplankton or fish, because they produce toxins. Uneaten blue-green algae produce
blooms in aquaculture ponds.



Bluegreen algal blooms in aquaculture ponds are also promoted by
zooplankton’s predatory activity. The relationship between algae and their
zooplanktonic predators typically involves consumption of nutrients by algae,
grazing of the algae by zooplankton which in turn enhances predator biomass,
controls algal growth and regenerates nutrients. However, the daily feed
supply for aquaculture raises nutrient levels, but does not simply increase
normal predator—prey activity; rather, harmful algal bloom events develop
often with serious ecological and aesthetic implications. In the absence of the
predator (zooplankton or fish), the non-harmful algal species outgrow the
harmful algal species and inhibit its growth. However, in the presence of the
predator (e.g. zooplankton, fish or prawns in aquaculture ponds) it completely
overturns by grazing out the non-harmful species, for which it demonstrates a
preference (Figure 3). The dynamics of regeneration of the limiting nutrients
versus nutrient consumption by algae is critical for bloom formation, as is the
role of predators that exhibit prey selectivity (eat harmless algae only). When
the supply of limiting nutrients exceeds the demand, the harmful algal
biomass increases but nutrient status and palatability remain depressed
(Figure 3).

algal bloom formation promoted by
predator activity. Experimental data
(symbols) and model output (lines)
describe the predator-prey interactions.
The harmful algal species (open circles,
thick line) becomes unpalatable
(harmful) to the predator (closed
squares, thin line) when nutrient-
stressed and hence not predated. The
non-harmful algal species (closed
circles, dashed lines) remains palatable

when nutrient-stressed (Mitra & Flynn,
2006).
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Blue-green algae affect water quality and promote
disease

Maintenance of appropriate water quality is essential in aquaculture farm
management to ensure optimal growth and survival of aguaculture species.
Poor water quality is linked with disease problems contributing to the collapse
of several prawn farming industries in some South East Asian countries.

Unmanaged blue-green algal growth in aquaculture ponds cause poor water
guality following algal degradation. When algae reach their maximum growth
phase, they flourish for a period and then die. This is known as an algal
“crash”. After a crash or periodical collapse of algal populations, the
decomposition of these dead algae utilizes a large amount of oxygen and can
cause oxygen deficits and increased concentration of toxic ammonia.
Insufficient oxygen and high ammonia concentrations may, in turn: Kill
aguaculture species; promote disease; and/or temporarily reduce the feeding
and growth rates of fish/prawns.



