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C. nodosa

Growth Rules

Parameter Unit

Spacer length (p) Cm
Rhizome elongation rate (v) cm yr-! rhizome apex!
Branching rate (v,) branches yr-tapex!
Branching angle (o) Degrees
Shoot mortality rate () units yr-1




OBSERVED SEAGRASS PATCH DYNAMICS (C. Nodosa)
Vidondo et al. 1997

Parameter
p=3.7+0.1cm Terrados et al 1997
v =160+5 cm yr* Duarte & Sand-Jensen 1990
Vp =2.30+0.05 branches yr™ apex™ unpublished data
(=46x15 degrees Marba & Duarte 1998
U =0.92+0.08 units yr™ Duarte & Sand-Jensen 1990

Number of shoots per patch

4 6 8
Patch Age (vears)

Log v = 0.89 + 0.19 x: R? = 0.74

Growth rate (em yr™)

‘ 0 10 10* 19 10* 165 10¢ 107
Age (vears) Patch size (number of shoots per patch)




PARTICLE

GROWTH MODELS: EDEN vs. DLA

M. Eden (1961)

Applications in
=][e][0]0)Y;
Colloidal and Material Science

Williams & Bjerkness (1972)
Skin Cancer

Plischke & Racz (1984)
Active zone

Botet (1987)
(off-lattice simulations)
§,0r?; al0.369

Growth of rough surfaces:
KPZ (1+1 model) (1986); a=1/3

Model

BEIE]

=
y.




DLA

Witten & Sander (1981) Model

Dielectric Breakdown
Niemeyer et al. (1984)

Vicf([0®y)

120 =0
P = CDO (occupied sites)

=0 (distante surface enclosing the cluster)
D(i,J)={P(i-1,j) + P(i+1,j) + P(i,j-1) + ®(i,j+1)}/4

Vig=f(n, | @o-@(i.5)] )=n | Py-@(i.j)|"
P =V, /Y,

growth probability depends on the
global cluster geometry

an_dom Wa”fer: L .. . A scalar field @ that obeys the Laplace eg. can
P(i,j)={P(i-1,J) + P(i+1,J) + P(i,j+1) + P(i,J-1)}/4  be simulated by a random walk with the same
boundary conditions. P(i,j) OD(,j)



DLA in Nature

Wilson A. Bentley




Cluster Morphology

Radius of gyration

N
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0= 2 i -(r)f
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d=2, a=12 D,(d=2)=17, @ [1059




NUMERICAL MODEL

N




NUMERICAL RESULTS (C. nodosa)

Parameter
p=3.7+0.1cm
. v =160+5 cm yr*
{a) e ] Vp =2.30+0.05 branches yr™ apex™
@=46+15 degrees
Ky =0.92+0.08 unitsyr™
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Shoot density (m™)
m}

Ehizome length produced |

10
Apge (vears)

X:2,331007 ...-......._.
{b} L _::....:”::::::.....

Number of living =hoots




x=0.60+0.13
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Radial pateh gize (r)
Growth rate (m }rr'lj
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Numbser of living Shoots
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B=1,38:0.14 = exp(V,t)

R, =exp(4)

,B =V, A (=133

Radial patch size {m)
—
o




@ =45°

8 branches/apex

= 3.5years

2,3 branches/apex/year

o ano 1coo
space length {om)




Conclusions

T < 3 years

* Low density fractal structures

®* 0=0.6

e Growth dominated by V

» Increase in the space occupation rate (below rizhome elongation rate)

Transition time:

T > 5 years (>10° shoots)

» Steady state density.
e Compact structure with rough surface.

* 0=0.5
» Radial (centripetal) growth
 space occupation rate reaches a plateau value (rizhome elongation rate)




Halophila Ovalis
Age (yrs.): 7
R(m): 13,5

Cymodocea Nodosa
Age (yrs.): 13
R(m): 15,2

Number of living shoots
Eadial potch size {m}

T
50 100 10

Age {yra.)

“ Halodule Uninervis
. Age (yrs.): 64
R(m): 30.7

1l ]
1oL ] Enhalua aceroides

-z Fosidanio aceanica

10
Posidanio australis

Amphibalis antoretica
Thalassadendran ciliatum
Halodula unineris

Thalassodendron Ciliatum
Age (yrs.): 93
R(m): 11,7

Zastera maring
Cyrmodocsa nodoaa

Haterozostera tasmanica

Efficiency: R (t}/Bhizome length

Posidonia Oceanica

RO 160 | Eff =exp(-pt);y=@1-a)v,

(Ven= 0,92)

Rizhome production: 250 Km




Weight-density relationship: Yoda's Law

Yoda et. al. J. Biol, 14, 107 (1963)

Area ~ L2
Weight~L3

i . P. Oceanica
Weight ~ Area3/?2 ~ density-3/2 '
W=K d—3/2

mean frend waight {g)

Cousens and Hutchings, Nature, 301 ,240 (1983)
C. Nodosa

Limiting value:

0.01
100 1000 12000

frond density (shoot units/m®)

log,,K=3,91; Slope=-1,51



