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o Harvesting practice e 0 (9

Macroalgae are collected with special boats equipped
with an upward-moving conveyor belt.




Harvest disposal

The disposal of the harvested biomass is a major economic and
environmental problem.



Integrating the model in
the harvesting policy
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cell dynamics
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WIDGEON-GRASS
ECOLOGY

common and widespread
submersed macrophyte

The below-ground biomass
develops best
at well-oxygenated sites
In coarse-textured
bottom sediments

Reproduction by releasing
seeds (drupelets) at the
top of emerged stalks.

The root system is unable
to penetrate deeply into sediments.
The plants are sensitive
to water turbulence.




Cellular automata for
widgeon-grass

The basic growth and death mechanism underlying the
vegetative cycle of widgeon-grass is modelled with a cellular
automata, describing:

e seed production
e transport
e germination

The automata consists of a number of rules controlling the
growth of Ruppia within the cell and seed dispersal in adjacent
cells depending on their conditions.

These conditions are updated daily, subject to other model
variables.




Cellular automata

for seed dynamics

The adult plants generate

Seeds [«
Seed seeds with rate P..
Relationship between A oee The seeds lie dormant until the
production
adult plants and seeds next season

Germination [ when a fraction G generates
new plants.
Adult
: Ag a Plants
Generation
delay O A
g9
Standing
crop _
evolution §
. . . Si—1,j ]g Sij Sitl, ] EAY
To link seed production to adult biomass and g
take into account seed dispersal, the cellular Ui,j N
automata introduces seed transport by water
movements along the horizontal (W-E), and Sij1
the vertical (N-S). SRR 5




Cellular automata
for seed dynamics

Seeds dynamics equation
1. discrete-time

2. cell evolution

3. daily time steps

t+1 t t
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If R = 10% of max(R) then activate equation
Run equation for 3 days

At the end of the 3" days record the seed
distribution into a matrix NS

At the start of the next year inherit last rule

seed deposition is possible
only if the flow does not exceed
a maximum shear velocity ¢




Fuzzy rules

for seed germination

R1: if pH is medium and ORP is high then G is high

R2: if pH is high and ORP is high then G is low

R3: if pH is low and ORP is low then G is low

R4: if pH is medium and ORP is medium then G is medium




A simulation

of three years




Model evolution over a

3 year horizon
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Spatial seed
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Effect of harvesting

on a generic cell
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Constructing a Fuzzy

Water Quality Index

Macroalgae Ruppia Dead mass Quality
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Low Medium High
2 ]
=
4
()
o)
=
()
=
©
()
g
o
° 2 1
0 100 200 300 400 500 e
M (gdw m-?) @
1 _Lo_vv\ Medium L—_ljg_h 8 08
2
P 0.8 %
()
o)
é 0.6 & 0.6
— e
o 04 o
3 0.4
> 0.2 )
e )
a) . f Nt
0 10 20 30 40 50 8)02
Ruppia (gdw m2) O O
g Low Medium - HG 1 2 3 4 5
= \ :
= .
pos Quality Index
£ 06 \
=
S 04
()
© 1
g 0.2 1
o 1
0 100 200 300 400 500 600 700 800
Dead biomass (gdw m2)



Quality Index —_— e




Model evolution
during harvesting
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Assessing the

harvesting options
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Comparison

of scenarios
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Harvesting paths
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B The blue squares indicate the boat mooring.



Conclusion
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