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Science and Policy Integration for COastal System 

Assesment

http://cordis.europa.
eu/fp6/dc

http://ec.europa.eu/s
ustainable

Issue

Aquaculture of Tapes philippinarum 

goal

Sustainable use of Lagoon Ecosystem and  Tapes philippinarum 

stock. 

exploring the sensitivity of the system to:

Changes in biological parameters (density, mortality rate)

- Changes in economic parameters (external costs, fishing 

strategies) 

- Size and location of the areas under concession 

- Changing Climate Scenarios 
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Sustainable management of the clam Tapes philippinarum in the 

Lagoon of Venice

History

•1983: Tapes philippinarum introduction

•1983-1990 clam colonisation 

•From1990: fishermen started to fish in open access regime/ social 

tensions/poor quality (fished also in prohibited area)

•1999: catches decline

•2001: allocation of aquaculture concessions 

•2005: extension of aquaculture concessions

•2009: revision of aquaculture concessions

•Negative impacts: sediment resuspension, benthic habitat alteration

Science and Policy Integration for COastal System 

Assesment

http://cordis.europa.
eu/fp6/dc

http://ec.europa.eu/s
ustainable

STUDY SITE 7.15 Venice Lagoon
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year
Lagoon of 
Venice

Italy % Venice over total

1986 4 31 12.9

1987 10 285 3.5

1988 14 1937 0.7

1989 16 7117 0.2

1990 1300 16709 7.8

1991 2400 27116 8.9

1992 3000 26434 11.3

1993 4500 21448 21.0

1994 16000 32723 48.9

1995 38000 56045 67.8

1996 40000 59100 67.7

1997 39000 58401 66.8

1998 40000 62960 63.5

1999 40000 63970 62.5

2000 35000 58635 59.7

2001 24400 46188 52.8

2002 17700 40200 44.0

2003 25500 40863 62.4

2004 23800 44981 52.9

2005 21500 47377 45.4

2006 25000 54452 45.9

2007 27500 54723 50.3

Fonte: Zentilin A., Pellizzato M., Rossetti E.,  Turolla E.. 
La venericoltura in Italia a 25 anni dal suo esordio. Il 
Pesce. Numero 3, Anno 2008

Decrease!!!
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total production North Adriatic

VE Lagoon production

price

Economic Relevance : around 50% of national production
Number of fishermen : around 1000; 
estimated gross annual production: 180 Million Euro

Clam production
Lagoon of Venice
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NEED TO MOVE 
FROM FISHING 

TO 
AQUACULTURE

☺☺☺☺ No Illegal 

fishing

☺☺☺☺ No use of illegal  

tools

☺☺☺☺ No health risk

☺☺☺☺ overfishing less 

likely

☺☺☺☺ control of price

☺☺☺☺ reduce 

ecological damage

☺☺☺☺ reduce social 

cost

���� Illegal fishing

���� use of illegal 

tools 

���� health risk

���� overfishing

���� decreasing 

price

���� severe

ecological

damage

���� high social cost 

(> 20 bill ITL/y)

Melaku Canu et al. 2001
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Social problems
(15 years later….) 

Local Newspaper, 2008
4 people charged for illegal fishery

Fishery meeting ended in a fight
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Impacts

year 2000
number of boats 600
time h/month 75
month/year 10
dredging speed (m/h) 750
lengh dredging system, m 1.2
tot fish time, h 450000
glob fish lenght, m 337500000
glob surface, mq 405000000
sediment mobilised mc 40500000
sediment settled 36450000
sediment loss 4050000

From Orel G., Boatto V., Sfriso A., Pellizzato M., Piano p er la 
gestione delle risorse alieutiche delle lagune dell a 
Provincia di Venezia. Provincia di Venezia, 2000.

sediment loss
mc/mq 0.01
euro price/mc 70
1 hectare 10000
impact/h, euro 7000

Using same parameters
Sediment loss estimated 
impact: 7000 euro/h

Harvesting Return time 
influence on sediment 
resuspension impacts 

5 101520305070

rms velocity [cm/s]

0 1 2 3 4 5 km

Chioggia

Malamocco

Lido

Adriatic Sea

P
D

F
 C

reated w
ith deskP

D
F

 P
D

F
 W

riter - T
rial :: http://w

w
w

.docudesk.com



D
R
I
V
I
N
G
S

Natural Anthropogenic
Solar radiation

winds

tide

Fishery, clam harvesting

boats

Householdings, 
Tourism,
Industrial activities,
Agriculture,
Cattle

Rain, snow

P
R
E
S
S
U
R
E
S

Heat fluxes

Light transmission

Water currents

Sea lagoon exchanges

Sediment resuspension

Rivers discharges discharges

Nutrient inputs
Atmospheric emissions

Toxic inputs

S
T
A
T
E
S

I
M
P
A
C
T
S

R

temperature

Macrophyte, 
phytoplankton

Suspended solids

Nutrients in sediment Nutrients in water

Toxic in sediment
Toxic in waterDissolved oxygen bacteria

Alteration: Primary producers
Composition, abundance, distribution

Biodiversity loss

Turbidity increase
Alteration: nutrients Concentration and 
distribution in water and sediment

Alteration: toxic substances
Concentration and distribution
in water and sediment

MOSE building

Alteration Clam filtering
efficiency reduction

Alteration: Clam growth
performances

Alteration: Clam quality
for human use

•DPSIR
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Methods:

• Modelling tools:
• Tapes philippinarum bioenergetic and 

bioeconomic model
• 0D and 2D application coupling with TDM 

(biogeochemical model)
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State variables identification
Description of the growth process using few variables.

These variables should be easily measured in field works.

 

denominazione abbreviazione misura strumento precis ione 
Lunghezza (detta anche 
larghezza) 

L dimensioni asse maggiore calibro 0.1mm 

altezza h dimensioni asse minore calibro 0.1 mm 
spessore sp spessore calibro 0.1 mm 
Peso umido totale W peso totale individuo vivo dopo 

sgocciolamento e asciugatura su 
carta assorbente 

bilancia 
manuale 

0.05g 

Peso fresco parti molli Pm peso carni bilancia 1 mg 
Peso secco Ps peso carni essiccate in muffola a 

90° per 48 h 
bilancia 1mg 

Peso secco senza ceneri Ws peso secco meno peso ceneri 
ottenute ponendo le parti molli in 
muffola per 4 h a 470° 

bilancia 1 mg 

Peso conchiglia Pc peso conchiglia senza parti 
molli, asciugata 

bilancia 0.05 g 
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Environmental conditions

From literature:
Growth of  Tapes philippinarum

Fitoplancton . (Tenore et al., 1973, Maitre Allain, 1982, Bodoy et al., 1980, Rossi, 1996, Laing, 1987, 
Fonda Umani et al 1994, Sorokin e Giovanardi, 1995, Goulletquer, 1989) 

Temperatura (Breber, 1991, Maitre Allain, 1982, Bodoy et al) 
Sedimento (Turolla, 1995, Rossi, 1996) 
Turbolenza (Wildish et al, 1987, Eckman et al 1989 in Cole et al. 1992, Rossi, 1996) 
Saturazione di 
O2 

(Breber, 1996, Parache, 1982) 

Salinita' (Breber, 1991, Riva, 1976) 
Torbidita' (Breber 1991) 
Densita' (Ohba, 1956, Turolla, 1995, Rossi, 1996) 
 

P
D

F
 C

reated w
ith deskP

D
F

 P
D

F
 W

riter - T
rial :: http://w

w
w

.docudesk.com



Identification of correlations

From data

data area 
campo

durata temp.sp sal.sp tipo sed. tipo idr. tgspo.mm %O2 sat Chlmed/g. Tmed densità 
num/mq

densità 
g/mq

mort.fin. incremento incremento/ 
gg

incremento/ 
gg 0.025715 0.380435 0.454128 -0.266842 0.614328 0.371285 -0.429612 0.427368 0.406978 0.61875 -0.516044 -0.711354 -0.36554 0.8319837 1
incremento 
totale -0.117322 0.709625 0.223832 0.095077 0.387992 0.052199 -0.354883 -0.063537 0.314979 0.334459 -0.371427 -0.537001 -0.207385 1 0.8286313
mort.fin. -0.580976 -0.273554 -0.582013 -0.270889 -0.510795 -0.523882 -0.299954 0.118922 -0.516355 -0.613315 0.896969 0.748532 1
densità -0.477167 -0.406352 -0.393742 0.143496 -0.401146 -0.3382 0.235675 0.453653 0.23997 -0.422053 0.865513 1
densità -0.459301 -0.315271 -0.252717 0.308042 -0.281227 -0.253487 0.019852 0.500951 0.213466 -0.324873 1
Tmed 0.421404 0.257914 0.933276 0.546833 0.48759 0.586705 0.509036 0.725307 0.944351 1
Chlmed/g. 0.56146 0.201388 0.864799 0.421246 0.327898 0.492846 0.639826 0.633923 1
%O2 sat 0.769144 0.724925 0.879876 0.889517 0.772868 0.839321 0.890336 1
tgspo.mm 0.371706 0.488234 0.714715 0.838861 0.578047 0.545911 1
tipo idr. 0.413467 0.401686 0.684537 0.741148 0.825148 1
tipo sed. 0.209998 0.592592 0.679084 0.79388 1
sal.sp 0.819327 0.920906 0.879102 1
temp.sp 0.34133 0.649497 1
durata 0.390231 1
area campo

1
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Growth:Seasonal  variability

incremento giornaliero, mm
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dw

dt
k f T f F w k g T w= −1

2
3

2( ) ( ) ( )     (2.14) 

con 
f(T) = gmax[ (Tmax-T)/( Tmax-Tott) ]β(Tmax-Tott) e[βT(nd)-Tott)] (2.15) 
 
g(T)= rmax[ (Tmaxr-T)/( Tmaxr-Tottr) ]βr(Tmaxr-Tottr) e[βrT(nd)-Tottr)] (2.16) 
 
(empirical functions -Lassiter & Kearns- optimised  using field data from Goro and 

Venezia) 

 T ° C
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Model identification
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32
wTwg

FVmax

wkr−

32
wTwgFVmax wkr−(min )

Tf εε

,=w&

Melaku Canu 2000; Solidoro , Melaku Canu ,Pastres Rossi Pelizzato  2001
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Population Dynamic model

Spawning 
+ seeding

Clam stock: Age class structure

Continuous integration in time

survival

• recruitment
Growth 
model

•harvesting

Growth 
model

survival survival

•death

Solidoro , Melaku Canu , 
Rossi 2003
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.Fig 4.2 d time to harvest small and big clams varying seeding
month –from jan to dec- and seeding size -10 and 20 mm-.
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Fig.4.3. identification of the seeding month which
minimizes time to harvest.
different lines refer to different seeding size
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Biogeochemical model (TDM)

32
wT wg

FVmax

wkr−

Bioenergetic clam model

+

Demographic clam model

+

Solidoro et al 2000, 2003 Pastres et al 2001

Results 1.

Methods.1
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Biogeochemical model (TDM)

Solidoro et al 2000, 2003 Pastres et al 2001

EXTEND clam model

Methods.2

EXTEND economic model
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EXTEND economic model

• Computes variable costs such as seeding 
costs, monitoring costs, gasoline costs, 
labour costs)

• Computes average revenue and yearly 
revenue for each fishing unit (boat)
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Individual growth 
model

Aquaculture: 
growth curves 
varying 
seeding time

Aquaculture: 
biomass curves 
varying seeding 
time

Economic model
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Forcings: pcb 77 in 
water (3.38 10-12 g/l) 
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sediment (2.70 10-8 g/l);

Quality model

INTEGRATION, 
First Results: 

evolution of 
Catch, Sales, Cost 
and Added Value.

Varying the 
schedule of 
seeding, from 
january to 
december

Profitable 
choice!!!

Population dynamic 
model

Aquaculture model
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income/year/boat
seeding month march april may june september october
euro/year/10000mq 24188.65 25577.71 27154.88 27075.15 24145.90708 9563.153
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Scenario results
sensitivity to price change

Additional impacts due to increasing of return time is pressure on juvenile stock 
and on the nursery area (not quantified here, but see Zucchetta et al ECSA 09)

PRICE- 27% PRICE -17% PRICE +33%
1 2 3 4 5

seeding month may may aprile may may aprile
seeding size, mm 17 17 17 17 17
harvesting size, mm 34 28 34 34 28
seeding density ind/mq 400 400 400 400 400
seeding cost total euro 32000 32000 32000 32000 32000
seeding price unit 0.008 0.008 0.008 0.008 0.008
PRICE euro/kg 3 2 2.2 2.5 3
seed  day 120 90 120 120 90
harvesting lenght, days 106 92 106 106 92
total yeld, kg 26050 22406 26050 26050 22406
area, ha 1 1 1 1 1
start harvesting, day 516 236 516 516 236
finish harvesting, day 622 328 622 622 328
time to harvest 396 146 396 396 146
rev/year 35685 18572 15773 23239 77614
variation revenue% 0 -47.955724 -55.7993555 -34.877399 117.497548

return time dredging 449 192 449 449 192
impact/ha  euro 7000 3500 7000 3500 3500 7000
revenue-sediment impact 32185 11572 12273 19739 70614
% revenue change (sediment impact) -19.616085 -37.691 148 -44.3796361 -30.121778 -9.018991419
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Scenario Results 2.
sensitivity to mortality parameter variation

selling big clams (34 mm) at 3 euro/kg
% variation parameter -50 0 50 25
mortality rate 0.00075 0.0015 0.00225 0.001875
may 63307 35685 14282 24145
% change rev/year 77.4050722 0 -59.97758 -32.33852

selling small clams (28 mm) at 2 euro/kg
% variation parameter -50 0 50 25
mortality rate 0.00075 0.0015 0.00225 0.001875
may 36056 18572 487 9768
% change rev/year 94.1417187 0 -97.37777 -47.4047
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conclusions

• Bioeconomic model of Tapes philippinarum
• Sensitivity analysis to changes in price and mortality rate 

suggests that higher level of uncertainty induce 
fishermen to increase pressure on resource, decreasing 
the harvesting size, increasing pressure on environment 
and impacts.

• Need of management strategies to avoid price 
fluctuations such as ‘labelling’ and ‘certification’ in order 
to prevent overexploitment of Lagoon resource, and of 
nursery productivity.
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