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This Study Site Report presents the results of the field surveys and of the model
applications aimed at testing the indicator and models at a an off-shore mussel farm.
The farm, Vi.SMa societa cooperativa, was established in 1991. It is located
approximately 3 miles off-shore the city of Chioggia, on the Eastern coast of the
Northern Adriatic Sea, Italy. The Mediterranean mussel Mytilus galloprovincialis is
the only specie farmed, using a long-line system. The licensed surface covers an area
of about 4 Km?. Mussel farming is becoming an important complementary activity for
fishermen in Northern Adriatic, where fishery industry is suffering the consequences
of stocks decline. At present, the three Northern Adriatic Italian regions account for a
yearly production of about 30,000 x 10° kg, with about 500 people permanently
employed in this activity. With a current production of 600 x 10° kg year !, ViSMaa
farm can be regarded as a“typical” mussel farm in thisregion.

A comprehensive set of data was collected, in order to investigate the potential
impact of the mussel farm on both the pelagic and benthic ecosystems. Furthermore,
water quality parameters and on-growing mussel biometric parameters were
monitored during atypical rearing cycle, in order to relate mussel production to water
temperature and food particle availability.

The results indicate that off-shore long-line mussel farming can be managed in
a sustainable way along the North Western Adriatic coastline. The monitoring of the
on-growing mussel biometric parameters confirms that the ecosystem provides
sufficient resources for sustaining the mussel growth, which makes mussel farming a
profitable activity. Furthermore, the model MG-IBM successfully simulates the
mussel growth at this site and, therefore, allow one to predict the biomass yield as a
function of water temperature, Particulate Organic Carbon and Chlorophyll a
concentration.

As far as the potentially adverse effects are concerned, the assimilative
capacity of this area seems to be large, in relation to the pressure caused by the
presence of atypical mussel farm. In fact, no statistically significant difference was
found among the mean values of the water quality indicators at the reference stations
and at the two potentialy impacted ones. The statistical analysis of the sediment
geochemistry data evidenced a moderate impact of the mussel farm on chemica
parameters. Both field data and a model simulation based on purposely modified
version of the particle tracking moded MERAMOD indicate that this impact is
restricted to the sediment beneath the farm and the immediate surrounding. However,
this impact does not seem to severely damage the macrobenthic and meio benthic
communities, since the abundance and composition of the meiofauna are quite similar
at the reference and impacted stations, which are classify as “good” according to the
AMBI index.

These findings indicate that, as far as the ecological carrying capacity is
concerned, there is a potential for further expansion of this activity in this area
However, such an expansion should be carefully planned, in order not to exceed the
carrying capacity of a given coastal area. To this regard, the model MCCC, tested
within this project, may represent valuable tools for planning the release of new
concession, in alntegrated Coastal Zone Management, ICZM, framework.
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1. Introduction to the aquacultur e operation
1.1 Introductory background statement

The Company.
Vi.S.Ma societa cooperativa was established in 1991. Vi.S.Ma employs 9 people. In
1993, the company was given the license to farm bivalves in an area off-shore the city
of Chioggia, Northern Adriatic. The Mediterranean mussel Mytilus galloprovincialis
is the only specie farmed at the Chloggia site. The current production of the farm is
apprOX| mately 600 x 10° kg year ™,
ECASA contributors:
DCF-UNIVE, ICRAM-Chioggia branch, HAIFA University
Information sources — dates of site visits, other major sources:
The first survey was carried out the 16 December 2005. Eight field campaigns
were carried out, on afairly regular basis, from July 2006 to May 2007
who has been consulted and how:
Giuliano and Andrea Gianni (farm owners) have been the magor source of
information, both when conducting site visits and when phoning for
information.
difficulties encountered: high variability of the hydrological parameters and
sediment textures of the area, due to the influence of multiple riverine inputs.

Field Campaigns

The field work included two activities: 1) two pre-surveys and the main ECASA field
campaign; 2) the determination of time series of water quality and on-growing mussel
biometric parameters.

1) Pre-surveys and ECASA main campaign
ECASA contributors: DCF-UNIVE, ICRAM-Chioggia branch, HAIFA.
The ECASA campaign was carried in July 2006. It was preceded by two pre-surveys,
which are described in section 3.3, aimed at characterizing the sediment texture in the
area
The following field deployments were made:

macrobenthos collection

mei obenthos collection

sediment collection

pH, Eh, dissolved oxygen and temperature at the sediment-water interface

redox potential in sediment core

CTD profiles (temperature, salinity, dissolved oxygen, chlorophyll, pH)

Secchi disc

Niskin bottles samples for nutrients and particul ate matter analyses.

A current-meter was deployed from July to September 2006 and from April to
May 2007.

The following laboratory based analysis were carried out:
Sediment:

Granulometry
Water content



Loss On Ignition (LOI) 250°C e 450°C
Tota Carbon

Inorganic Carbon

Total Nitrogen

Total Phosphorus

Inorganic Phosphorus

137Cs and #°Pb in sediment cores

Water:
Particulate Organic Carbon
Particulate Total Nitrogen
Suspended Matter
Particulate Organic Matter
Parti culate Phosphorus
Chlorophyll a
Ammonium
Nitrate
Nitrite
Silicates
Total Dissolved Phoshphorus
Total Dissolved Nitrogen
Phosphate (SRP)
Dissolved Organic Carbon

2) Time series of water quality and on-growing mussel biometric parameters
ECASA contributors: DCF-UNIVE, ICRAM-Chioggia branch.

Water quality and mussel biometric parameters were collected during the typical
rearing cycle of the Mediterranean mussel in this area. This activity was aimed at
calibrating the Mytilus galloprovincialis individual based model previously
identified by DCF_UNIVE, on the basis of literature data. Eight field campaigns
were carried, on afairly regular basis, from July 2006 to May 2007.

The following samplings were made:
musseal specimen from the same rope
water by Niskin bottles sampling
The following measurements were made:
CTD caollection (temperature, salinity, dissolved oxygen, chlorophyll, pH)
Secchi disc

The following laboratory based analysis were carried out:

Water:
Particul ate Organic Carbon
Particulate Total Nitrogen
Suspended Matter
Particulate Organic Matter
Particul ate Phosphorus
Chlorophyll a



Ammonium

Nitrate

Nitrite

Silicates

Tota Dissolved Phosphorus
Total Dissolved Nitrogen
Phosphate (SRP)

Dissolved Organic Carbon

Mussel shell:
Length
Width
Thickness
Shell weight
Mussel soft tissue:
Wet weight
Dry weight
Ash Free Dry Weight

The procedures used for field measurements and laboratory analysis are described in
detail in the book of protocols and, whenever different, in Section 4.

1.2 Summary statement of key site specific environmental issues

The ViSMamussel farm islocated in the Northern Adriatic, near the city of Chioggia,
in the Regione (county) Veneto coastal area, Italy. The farm is located approximately
3 miles off-shore. As far as sediment texture is concerned, the study arealiesin azone
of transition between a belt of pelite and one of sandy pelite. With respect to natural
amenities, the seabed not far from the area is characterized by the presence of the
“Tegnue”, which are rocky aggregations emerging from the sea bed
(http://www.tegnue.it). In general, the water quality in the area is good with levels of
dissolved oxygen often close to saturation in the superficia waters. The area can be
affected by the discharges of the rivers Brenta, Adige and, to a lesser extent, Po. The
extent of the riverine influence depends on the season and winds.

From a socio-economic perspective, shipping, gas extraction, tourism,
professionale and recreational fishery are the main activities which can generate
conflicts with mussel farming. Infact:

1. theareaiscrossed by important commercia ship routes;

2. gasplatformsarefound in thisarea;

3. the marine protected area named “Tegnue di Chioggia’ is located along the

coastlineg;

4. professional fishery, including beam-trawl fishery and Chamelea galina

fishery is commonly practised in the areg;

5. recreational fishery iswidely diffused.

The main use conflict arises between clam fishers and mussel farmers for the use
of the coastal zone, since clam fishery is not possible in the areas licensed to mussel
farming. This may represent a constraint to the further expansion of this actvity,
which is becoming an important complementary activity for fishermen in Northern
Adriatic



1.3 Information of farmer’senvironmental strategy:
ViSMa has no documented environmental strategy, within 1SO14001 standards.
Current regulatory status

The farming area was licensed to ViSMa by the “Genio Civile’ of Rovigo, a local
authority which is entrusted the concession of farming areas, on behalf of Veneto
county (Regione Veneto).

2. Site specific regulatory and management background
2.1 Theregulatory status of proposed location with respect to fish farming
developments.

Visma farm is part of the Veneto OP (Organizazione dei Produttori), a consortium
among producers which, in accordance with CEE 3759/92 directive, is aimed at
regulating the market supply and guarantee a quality standard for the product.
The current regulatory status in Italy entrusts the granting of licenses for marine
mussel culture sites to each county, Regione. This means that the regulations may be
different from place to place. The Northern Adriatic Italian coastline is under the
control of three “regioni”, namely, from North to South: Friuli Venezia Giulia, Veneto
and Emilia=Romagna. The latter is striving to frame the granting of shellfish licences
in a ICZM approach, in order to conciliate different coastal uses. On the contrary,
Veneto, at present, has no ICZM master plan. Therefore, each license request is dealt
with individually, and the decision is based on a technical consultation involving 11
different agencies, namely:

Capitaneriadi Porto del distretto marittimo di competenza;

Agenziadel demanio;

Comune di competenza;

Ministero delle comunicazioni, direzione generadle per le concessioni e

autorizzazioni;

CNR - Istituto di scienze marine ISMAR Sezione pesca marittima;

ICRAM - Istituto Centrale per la Ricerca scientifica e tecnologica Applicata al

Mare;

Ministero delle attivita produttive ufficio nazionale e minerario idrocarburi e

geotermia;

AziendaU.L.S.S. dipartimento di prevenzione servizio veterinario del distretto

di competenza;

Comando in capo del dipartimento militare marittimo dell’ Adriatico;

Istituto idrografico della marinamilitare;



Marinamilitare — Zona dei fari e segnalamenti marittimi;

With respect to food safety (Decr. Leg.vo 530/92 which accomplish 91/492/CEE
directive), Visma farm is located in waters classified as ‘zone A’, which means that
the reared mussels does not need a depuration period and can be marketed directly
after being harvested.

2.2 Sitedescription

ViSMafarm islocated in the Northern Adriatic Sea, south to the city of Chioggia. The
distance from the coastline is approximately 3 miles, see Fig. 1. The area is rather
shallow: depth ranges from 20 to 24 m.
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Figure 1. Map of the area.

Along the north-eastern Adriatic coast the circulation is characterized by the
southward flow of the North Adriatic Current which exhibits a seasonal weakening in
the summer period, related to the stratification of the water column (Cushman-Roisin
et a., 2001). The thermoclyne disappears in winter, when the current transports well
mixed low-temperature and low-salinity waters. As a consequence, the area is mainly
influenced by the runoff of the rivers Adige, Brenta-Bacchiglione. The plume of the
river Po can reach the area in summer time or when the local circulation is driven by
strong southern winds. From the sedimentological point of view, the mussel farm is
located in a belt of pelite and sandy-pelite which runs paralle to the coastline
(Brambati et a., 1983). No submerged aquatic vegetation can be found, due to the
high turbidity, in the vicinity of the farm. According to (Cornello et al., 2005), the
macrobenthic community in the area is dominated by the bivalve mollusc Corbula
gibba, the amphipod crustacean Amphelisca diadema and the errant polichaetes
Lumbrineris gracilis.



2.3 Detailed description of thefarm

The ViSMa mussel farm was established in 1991, the average annua production is
about 600 MT (6x10°Kg). At present the company counts 9 employees. Two members
of the staff are based at the company storehouse, in Chioggia, and take care of the
administration and management. The other seven employees work on a daily basis at
the farm site. The working vessel is provided with toilet, showers and a kitchen,
allowing the employees to work for the whole day at the site. The farm is reachable in
approximately one hour time from the Chioggia harbor, therefore there is no need for
the employees to sleep on the boat. The company owns two vessels. one is used to
collect and process the product on site, while the other one is a carrier, used for
reaching the harbor. In this way, the product can be landed for distribution severa
times during the same working day, without interrupting the recollection and
processing work. Historical current meter data indicate that the principa current
direction is south east, with an average module of 6 cm sec™ near the bottom. This
pattern is more marked in winter time.

2.4 Proposed management strategy: biomass, medicines, chemicals, cycle, feed
inputs, growth measurements.

The mussal on-growing cycle lasts 10 to 12 months. Mussels are harvested starting
from late spring, but the most relevant fraction of the production is harvested in June,
July and August, when the demand is higher.

2.5 Physical farm logistics, including type of gear used (Cages, long lines,
rafts...), moorings, access, lighting and anti-predator measures.

The licensed area covers a total surface of 4 Km?, of which 3 Km? were cultured in
2006-07. Mussel are reared using 1000m long lines, on which mussel nets are
suspended. The distance among lines is roughly 40 m, see Fig. 2a,b. Overall, the total
length of lines is 38 km. The average distance between suspended mussel ropes is of
0.7m and the average length of a rope is 2m. Ropes are suspended at a depth which
ranges from 3m to 7m.
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Figure 2a,b. a) Schematic representation of mussel suspended culture at ViSMafarm; b) detailed
picture showing a mussel line and the suspended ropes.

2.6 Production and Processing

Mussel are collected and processed on board of the ViSMa vessel (Fig.3). Specimen
are sorted according to their size by means of a mechanical device. Marketable
specimen are cleaned and packaged, since the farm is located in an area classified as
‘zone A’ in regard to shellfish culture and fishery, which means that mussels do not
need to be treated at a depuration centre.

Figure 3. Vessel used for mussel husbandry.
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3. Description of the site and quantification of effects on the environment —
existing information only, not collected by ECASA.

3.1 Land use, landscape and visual quality.

ViSMa farm, Fig. 4., is located off-shore the city of Chioggia, which population is
approximately 50.000 inhabitants. The city has a tradition as a fishing port and it is
one of the maor fish marketplace in Italy. Tourism has recently increased its
importance. The coastal area in front of Chioggia is crossed by several commercial
ship routes and is used for trawl fishery and mussel farming. With respect to natural
amenities, the seabed in the North Western Adriatic coastal zone is characterized by
the presence of rocky aggregations emerging from the seabed, which are called
“Tegnue” (http://www.tegnue.it). Such aggregations can also be found in the vicinity
of the Visma mussel farm. This peculiar environment has been recently investigated
in the framework of the INTERREG 1l project
(http://www.arpa.veneto.it/home/htm/interreg.asp), since it is characterized by high
biodiversity. The “Tegnue’” Marine Protected Area was instituted with D.L. 5 August
2002. Different recreational sites are located along the coast, between Chioggia and
the Po Delta, including the towns of Sottomarina, Rosolina and Albarella.

Figure 4. View of the farmed area.

3.2 Hydrography and water quality

The area can be affected by the discharges of the rivers Brenta, Adige and, to alesser
extent, Po (see Fig. 1). The extent of the riverine influence depends on the season and
winds. The plumes of Brenta and Adige are more likely to reach the study area in
autumn and winter time, when the circulation is driven by the Western Adriatic
Coastal current. The mean daily discharges of the river Adige and Brenta, including
its tributary Bacchiglione, were about 155 m*® s and 76 m® s* in the years 2004-05.
The mean daily discharge of the river Po, the largest Italian river, in the years 2002-
2006 was 1157 m*® s'.The central and northern distributaries of the Po delta, Po di
Maistra and Po della Pila, account for at least 70% of the total discharge and, can
influence the study areain spring and summer time, when southerly winds blow.
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Large inter-annual variations of temperature and salinity are typical of the
Northern Adriatic Sea. As one can see from Fig. 5, the water column is stratified in
spring and summer. Water temperature ranges from in 25-26 °C (surface) and 20-21
°C (bottom) in August, to 5-6°C (surface) and 7-8 °C (bottom) in February-March.
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Figure 5. Monthly variations of temperature and salinity profiles at a sampling site at the north-west
edge of the mussel farm (from Giovanardi et a., 2003).

Time series of current velocity were collected in 2001-2002 at site G, see Fig.
9, within the mussel farm. The current-meter was placed two meters above the seabed.
The descriptive statistics, which are summarized in Table 1, show that the main
current is oriented towards south-east and the average velocity is 6 cm sec™. The
progressive vector diagram for a winter and summer period are shown in Fig. 6. The
main current direction is south east and more marked in winter time than in summer
time, when the Western Adriatic Coastal current is weaker. However, the dispersion
around the mean is rather high (CV% = 79%), because of the systematic variations
induced by thetide.

Table 1. Descriptive statistic concerning the current velocity data. The current-meter was placed two
meters above the seabed.

Current velocity module | Current velocity direction

[cm sec!] [degreeswith respect to north]
ValidN 31310 31310
Mean 5.7 181.5
Median 4.9 163.5
Minimum 0 0
Maximum 62.1 359.7
Std.Dev. 4.5 93.3
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Figure 6. Progressive vector diagram in winter time, 19/12/2001-18/2/2002 (left), and summer time,
11/7/2002-17/8/2002 (right).

In general, the water quality in the area is good. The results of a 3 years long
survey, (Giovanardi et al, 2003) show that, in the years 1999-2002, DO was often
close to saturation in the superficial waters at site BA, within the mussel farm.
However, values as low as 50% were recorded in summertime near the seabed.

The seasonal evolution of several water quality parameter was determined at
site S2 located about 2 km NW, see Fig. 8, in the years 1995-96 (Giani et al., 2000,
Catalano et. al., 1996). The average POC concentration was 25.6 + 15.1 mmol L™, PN
3.8 + 2.2, TPP 0.19 + 0.12, and Chlorophyll a ranged from 0.4 to 16 ng L™. Due to
the influence of the rivers and sediment resuspension, the turbidity is rather high: the
average Secchi Disc was 3.7m.

Giani et al. (2000) studied the vertical distributions and temporal variability of
Particulate organic C, N and P at station S2. Particulate Organic Matter distribution in
superficial waters is highly variable, reflecting the allochthonous inputs coming from
the rivers. The inverse correlation found by these authors between POC, TPN, TPP
and water Sdlinity, indicates the importance of river discharges as sources of
suspended particulate matter. Similarly, peaks in dissolved nutrient concentrations,
which sustain the primary productivity, are associated with river discharges. TPP
concentrations in superficial waters, ranging between 0.15 and 0.22 nmol L™, exceeds
of approximately one order of magnitude the ones measured by the same authors at a
station located in the central Northern Adriatic. The C:N:P ratios reported by Giani et
al. (2000) for low salinity superficial waters are close to the Redfield’s ratio
(107.7:16.3:1), suggesting that phytoplankton represents an important component of
the suspended matter. As regards high salinity deep waters, the reported C:N:Pratio is
of 69.5:8.1:1; this increase in N and P concentrations can be related to events of
sediment resuspension. As far as phytoplankton community composition is concerned,
Bernardy-Aubry et al. (2004) studied the succession of algal species in the North-
Western Adriatic coast during a 10 year sampling period (1990-1999). According to
these authors, the dominant species in late-winter (February) is Skeletonema costatum.
During spring the community is dominated by diatoms, while the algal biomass in
summer is mostly accounted for flagellates. The late summer peak is characterized by
the presence of large diatoms, with a high carbon content.

Brigolin et a. (2006) estimated in approximately 5 hours the flushing rate for the
ViSMa farm. This calculation was carried out by assuming the presence of a constant
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current (5 cm s* module). This situation is typical of the winter time. For the summer-
time case, see the right-hand side of Fig. 6, the transit-time estimation should be
improved by taking into account the turbulent diffusion. This can be carried out by
means of advection-dispersion models (eg. MERAMOD), or wider-scale
hydrodynamic models of the Adriatic Sea (different hydrodynamic models are
available for this area: e.g. MFSTEP, 2004; Janekovic and Kuzmic, 2005; Lovato et
al., 2007).

3.2 Bathymetry, geology and habitats.

The spatial distribution of sediment texture in the areais shown in Fig. 7. As one can
see, the study area lies in a transition area between a belt of pelite and one of sandy
pelite, which extend parallel to the coastline in the NW-SE direction (Brambati et al.,
1983). Fine sediments such as silt and clay are mainly supplied from the northern
Adriatic Sea rivers (Brambati et a., 1973) and they are distributed along the Italian
coast by the Western Adriatic Coastal current. Suspended sediments are mechanically
sorted out by their grain size: as aresult, the sediment grain size decreases southward,
as the distance from river mouths increases from (Brambati, 1973, Wang and Pinardi,
2002).

Submerged aquatic vegetation is absent in the area, because of the rather high
turbidity.

Figure 7. Map of sedimentological texture of the North-West Adriatic Sea. (Brambati et al., 1983).
Thered circle marks the position of the mussel farm.
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3.3 Benthos and sediments

Data concerning the macrobenthic community were collected by ICRAM underneath
the VISMA cultivation site during a three year long research program (Jul 99- May
01). The averaged taxa composition is reported in Tab. 2. The dominant species are:
the bivalve mollusc Corbula gibba, the amphipod crustacean Amphelisca diadema
and the errant polichaetes Lumbrineris gracilis (Cornello et a., 2005).

Table 2. Macrobenthos taxa composition beneath the cultivation site.

RELATIVE
taxa ABUNDANCE %
BIVALVES 24.1
GASTEROPODS 13
ERRANT POLICHAETES 284
SEDENTARY POLICHAETES 23.7
AMPHIPODS 10.3
DECAPODS 37
ECHINODERMS 6.6
OTHER 19

As reported in section 3.2, the study site is on the edge of the area influenced
by the rivers Adige, Brenta and Po. The deposition of riverine sediment, finer and
richer in Organic Carbon and Nitrogen in comparison to sand, may superimpose to the
effect of the deposition due to the presence of the mussel farm. Therefore, in order to
get a clearer picture of the sediment texture, two pre-surveys in the area surrounding
and including the mussel farm were carried out.

On December 21% 2005 surface sediment (0-1 cm) was sampled in 20 stations
in a3 x 4 km area surrounding the farm. Ten surface sediment sample were taken in
the following pre-survey, carried out on July 13" 2006, which was focused on a
smaller area, more likely to be impacted by the mussel culture activities.

The results of the pre-surveys are summarized in Fig. 8: data are presented in
detail in Appendix 2. As one can see, pelite and water content increases from NE to
SW: this feature is probably due to the sedimentation of suspended matter of riverine
origin. The distribution of organic carbon, see Fig. 8c showed a similar pattern. It is
interesting to note that the spatial distribution of total phosphorus (TP) is different: as
one can see from Fig. 8d, its concentration is higher beneath the farm, suggesting that
TP could be a useful indicator of the impact of the mussel culture. Similar patter was
observed for organic phosphorus.

15



Pelite (%)
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Figure 8. Distribution of pelite (A), water content (B), organic carbon (C) and total phosphorus (D) in
surficial sediments. The poligon represent the area of the mussel farm. The triangles indicate the

sampling sites.

3.4 Marine mammals; seals, cetaceans, otters

The presence of Dolphins and Sea Turtles was observed nearby the farm (Visma

farmers, pers. comm.).

3.5Birds

There is no evidence that the current aguaculture activities at ViSMa Site may have an
impact on the migratory bird populations.
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3.6 Fisheries and wild fish populations.

According to 2003-2004 data (http://www.adrifish.org), the major captures in the
Chioggia area are Anchovies, Sardines, Cuttlefish, Sole, Mantis Squillid. One of the
gear used is ‘rapido’, a beam-trawl for soles and scallops employed in the Northern
Adriatic sea. A relatively high level of disturbance of this gear on benthic
communities was assessed by Pranovi et a. (1998) for a study site located in this area.
To this regard, the presence of a mussel farm may have a positive impact on the
sediment underneath, preventing from the rapido boat transit.

Clam (Chamelea gallina) fishery is also an important activity within the first
three miles from the coast. Since clam fishery is not possible in the areas licensed to
mussel farmer, there is a conflict between clam fishers and mussel framers for the use
of the coastal zone. For this reason, the concession of a mussel culture area is
subjected to the permission of a regional committee, which involves stakeholders
from both mussal culture and clam fishery sectors.

3.7 Noise

Given the distance from the coastline, no evidence of problems to noise have been
reported.

3.8 Transport

The site can be accessed by boat. ViSMa company fishing boat visits the site on a
daily basis.

3.9 Socio-economic impact

Visma can be regarded as a medium size farm in the Veneto area. However, according
to Prioli (2006), mussel farming is becoming an important complementary activity for
fishermen in Northern Adriatic, where fishery industry is suffering the consequences
of stocks decline. As one can see from Table 3, at present, the three northern adriatic
italian regions account for a yearly production of about 30,000 MT, with about 500
people permanently employed in this activity. This figure, which amost certainly
underestimate the man power involved in mussel farming, is expected to increase,
since the demand for new licensed areaiis till very high.

Table 3. Socio-economic data regarding shellfish culture in the Northern Adriatic Sea

N° of Long-lines Production N°
County farms length (m) Species (MT) employed
Friuli Venezia
Giulia 19 165640 | M.galloprovincialis 3624 60
Veneto 18 415000 | M.galloprovincialis 10572 150
Emilia-
Romagna 23 583143 | M.galloprovincialis 16639 250
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4 Results of ECASA field studies: Indicatorsand Models applied and evaluated.
4.1 Background to field programme: dates, staff, boats, stations sampled, etc.

As mentioned in section 1.1, the field work included two main activities: 1) the main
ECASA field campaign; 2) water quality and on-growing mussel monitoring. For the
sake of clarity, these activities are separately described in the two following sub-
sections.

1) ECASA field campaign

The main field campaign was carried out on July 13", 18" and 25" 2006 and was
aimed at the assessing the adequacy of indicators, identified by WP2 and WP3, and
models, proposed by WP4, for EIA of off-shore long-line mussel farm. An adequately
equipped fishing boat made available by ViSMa was used for the sampling activities,
which were carried out by ICRAM personell (Michele Giani, Daniela Berto, Fabio
Savelli) and DCF_UNIVE personell, temporarily employed to work on the ECASA
project (Federico Rampazzo and Daniele Brigolin). Bioessays were deployed with the
help of Dror Angel, Haifa University.

The sampling stations were chosen on the basis of the data collected in two
pre-surveys, see section 3.3, and of a time series of available sites-specific
hydrographic data, see section 3.1. Sampling sites are displayed in Fig. 9: their
geographical coordinates are included in the data set, as detailed in the appendix.

Sediment, meiofauna and macrofauna samples were taken at sites B, D and G.
Sediment cores were taken using a box-corer. The site for sediment sampling were
selected in the oldest area of the farm, along the prevailing direction of the current.
Site B, upstream the main current, was selected on the basis of the results of the
presurvey, which indicates that the sediment texture markedly changes if one moves
further to the north. In fact, sediment texture in the area changes abruptly due to the
effect of the river plumes, as can be seen in Fig. 8a. The list of sediment parameters
determined either is situ or in subsequent laboratory analysis is presented in section
1.1.Two radioactive isotopes, **'Cs and *°Pb, were measured in the sediment core
sampled at sites D.

Water was sampled at sites A, E and G, at three depths, namely at the surface,
at 10 m and 20 m. The list of water quality parameters determined either in situ or in
subsequent laboratory analysisis presented in section 1.1.

Bioassays experiments were carried out in collaboration with D. Angel,
HAIFA University, at sites S2, G, H, L, in order to assess the potential for
phytoplankton growth in the area. Four dialysis bag were placed at two depths, (1.5
and 6 m) on July 20" and collected on July 25™. The following parameters were
measured “in situ” using a CTD probe: water temperature, salinity, pH, turbidity.
POC, phosphorus and chlorophyll a concentrations in seawater collected from each
bag at the end of experiment. Chlorophyll-a analysis were carried out by ICRAM-
Roma.

A complementary time series of hydrographic parameters was collected in
2006-2007. A current-meter was deployed at site C at a depth of 6 meters by ICRAM
personnel (Gianluca Franceschini) from July to September 2006 and from April to
May 2007.
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Figure 9. Sediment and water sampling stations in the ECASA main field campaign. Red squares
represent the boundaries of mussel lines.
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2) Time series of water quality and biometric parameters of on-growing mussel

This activity was aimed at testing the models proposed by WPA4 for site selection and
EIA of off-shore long-line mussel farm. Water quality parameters were determined at
the three stations A, E, G in Fig. 9, located along a NW-SE transect. Eight field
campaigns were carried, on: Jul-13-2006, Aug-17-2006, Sep-4-2006, Nov-11-2006,
Dec-19-2006, Jan-30-2007, Apr-3-2007, May-22-2007.The sampling activities were
operated by ICRAM personell (Michele Giani, Daniela Berto, Fabio Savelli) and
DCF_UNIVE personell, temporarily employed to work on the ECASA project
(Federico Rampazzo and Daniele Brigolin).

Water temperature, salinity dissolved oxygen, fluorescence and turbidity
profiles were determined in situ using a CTD probe. The following indicators were
determined on water samples. dissolved organic carbon, particulate organic carbon,
particular total nitrogen, suspended matter and POM, particulate phosphorus,
chlorophyll-a, ammonium, nitrate, nitrite, silicates, Phosphate (SRP), TDP, TDN.

Mussel specimen were collected at site N, see Fig. 9, and the following
biometric parameters were subsequently determined: wet weight, dry weight, shell
length, width, thickness and weight, AFWD. Two condition indexes were determined,
namely dry weight/shell weight (DW/SW) and ash free dry weight/shell weight
(AFDW/SW). Based on the findings presented in (Boscolo et a., 2002), these indexes
are the most sensitive to the physiological and nutritional mussel condition. Mussel
were not sampled on August 17 2006.

4.2 Sampling methods and materials, analytical methods. (Refer to the book of
protocolsfor detailed methods)

Sediment. Sediment samples were collected using a box-corer. Three replicates were
taken at each sampling site. Sediment cores were pre-treated according to the book of
protocols. The first top 12 cm were sliced, in order to determine the vertical profiles
of the variableslisted in section 1.1.

Sedimentation rate were calculated from **’Cs and from the CF-CM model applied to
2y profile. 2*'Cs was counted via gamma spectrometry using coaxia intrinsic
germanium detector (Frignani et al., 1993). #°Pb activities was determined through
the measurements of its daughter nuclide “*°Po using a alpha spectrometry (Frignani
and Langone 1991, Frignani et al., 1993).

M acr ofauna. Macrofauna was sampled using a box corer.

M elofauna. Meiofauna was sampled using a box corer.

Water. Water samples were collected using Niskin bottles. Bioassays were carried
out in agreement with the book of protocols. Laboratory analysis were carried out in
accordance with the book of protocols except for Total particulated Phosphorous was
determined spectrophotometrically using the molibdic blue method (Murphy & Riley
1962). The filtration was carried out according to the book of protocols for particulate
matter. Filters was combusted at 550°C for 4 hours. Phosphorous was extracted using
1 N HCI, sonicating for 15'. Subsequently the extraction was conduced for 16 hours
under agitation modified from Aspila et al. (1978 ). KH,PO, standards were used for
the calibration curve. Detection limit was 0.1umol P L™,
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4.3 Models used and their parameterization.
MERAMOD

One of the goas of the field program was to test the applicability of the particle
tracking model MERAMOD (http://meramed.akvaplan.com) to site selection and EIA
of long-line mussel farms. MERAMOD is awell-devel oped deposition/impact model,
designed for fish cages and routinely used by SEPA for site selection, EIA and
monitoring guidelines recommendation (Cromey et al., 2002a,b). The program was
modified, in close collaboration with SAMS, in order to enable the simulation of the
dispersion and sedimentation of bio-deposits released by a long-line mussel farm.
Each line is modelled as a point-source of suspended organic matter, namley mussel
faeces and pseudo-faeces. The faeces production rate per mussel line, f, was estimated
according to the formulation:

f =POC>CR>n>DW:(1- AE) (1)

where: POC represents the yearly averaged Particulate Organic Carbon concentration
in the area, CR is the Clearance rate of the mussel, n represents the number of
individuals per line of farm, DW is the average weight of the mussel and AE is its
Adsorption Efficiency. The parameters n and DW were estimated on the basis of
husbandry information and CR and AE on the basis of data concerning the physiology
of M. galloprovincialis.

MG-IBM, Mytilus Galloprovincialis Individual Based model

The model, which has been designed and identified during the ECASA project,
simulates the evolution of two state variables, namely the dry weight of somatic and
gonadic tissue.

The state equations read as.
dw, _ (1_ k) A-C
dt €; @)
dR _, A-C
—  =kx—
dt éq

where W, represents the somatic dry weight of the mussel and R the gonadic dry
weight . The energy budget is computed as a difference between the daily anabolism,
A, and the daily catabolism of the mussel, C, both expressed in [J-day™]. The
parameter k [adimensional] quantifies the fraction of energy transferred to the gonadic
compartment, while g and g are respectively the energy content of somatic and
gonadic tissue [J-gdW?]. The model is described in detail in Brigolin (2007). All
model parameters, except for k, were estimated on the basis of literature information.
The fraction of energy allocated in reproduction was calibrated against the times
series of mussel biometric parameters collected at ViSMa site.
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MGCC Mvtilus Galloprovincialis Carrying Capacity model

The individual based model of MG-IBM isthe core of an integrated model, which can
be used at two scales: at afarm scale, or scale A, for site-selection and EIA of long-
line mussel farm; at a regiona scale, or scale C, for estimating the overal impact of
mussel farming on the pelagic ecosystem and the carrying capacity of a given area.
The scale C application needs to be supported by site-specific ecological and
hydrodynamic models. Within the ECASA project, a preliminary scale C application
at the Northern Adriatic coastline was attempted.

The model is made up of thee modules: a transport module, a biogeochemical
module, and the MG-1BM module. The transport model is based on afinite difference
TVD-MUSCL scheme (van Leer, 1997), adopting orthogonal or boundary fitted
coordinate system. This scheme has second order accuracy in space and is mass
conservative. This approach allows one to change the grid size within the
computational grid: this feature is essential for scale C applications, since the correct
simulation of the near-field perturbation due to the presence of the farm requires a
25m grid size, which is then increased up to 400m when modelling the transport and
biogeochemical processes among farms. The biogeochemical module is based on a
simplification of the ERSEMIII equations reported by Vichi (2002). It includes the
following state variables: concentrations of DOC, POC, nitrate, ammonia, reactive
phosphorous and silicates, densities of phytoplankton, zooplankton and mussels in
farming sites. Model equations are described in detail in Brigolin (2007).

Model parameters were estimated on the basis of the literature, except for the eddy
diffusivities, which were calibrated by comparing the model output with water quality
data at Chioggiasite.

The model was then used for simulating the local impact of mussel farming on
chlorophyll-a and dissolved ammonia concentrations and for analysing the
consequences of an increase in the number of mussel farms in the area on water
quality and biomass yield.
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4.4 Results.

Currents

The results are summarized in Tab. 4, which presents the main descriptive statistical

indexes.

Table 4. Descriptive statistic concerning the current data.

Current velocity Current velocity direction [degreeswith respect
July-September 06 module [cm sec™] to north]
ValidN 4032 4032
Mean 12.56 183.51
Median 11.24 174.39
Minimum 0.00 0.00
Maximum 54.76 358.28
Std.Dev. 7.86 65.27

Current velocity Current velocity direction [degreeswith respect
April-May 07 module [cm sec] to north]
VaidN 2902 2902
Mean 13.9 170.0
Median 12.2 165.3
Minimum 0.0 0.00
Maximum 45.0 359.7
Std.Dev. 83 74.2

The main current was oriented towards south for the summer 2006 and south-

south-east for spring 2007. The mean velocity was slightly higher in the spring 2007.
similar. The standard deviations in both cases are rather high, because of the
systematic variations induced by the tide.

Water

The results concerning the water quality indicators presented in this section refers to
the time series collected at sites A, E and G. This data set, which includes the data
collected in July 2006 as a subset, provides reliable and robust indications about the
impact of the mussel farm.

In accordance with the general features of the area, thermal stratification and a
marked halocline in the upper 5-8 meters were observed during the summer months.
The winter 2006/2007 was unusually mild: as one can see from Fig. 10, the average
surface water temperature at the three sampling stations was ~3°C higher than that
recorded at site S2, located approximately 2 km from the mussel farm, over the years
2001-2005.
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Figure 10. Comparison between the evolution of surface water temperature in 2006-2007 at sites A,E
and G and the average evolution over the years 2001-2005 at site S2, located approximately 2 km from
the mussel farm.

The mean values and the sample standard deviation, SSD, of the water column
indicators at the three sampling sites and depths are compared in Table 5. Standard
deviations are, in general higher for surface samples at the three stations, since the
surface layer is the most affected by river discharges. such variability should be taken
into account when comparing the mean values. Asit will be shown in Section 4.5, the
data presented in Tab. 5 do not univocally indicate a strong impact of the farm on the
water column indicators. As regards the surface layer, Station E, which is in the
middle of the farm, presented the lowest Chla and the highest phosphate, nitrate and
Total Particulate Nitrogen mean values. Nevertheless, these potentia signs of impacts
are in contrast with the fact that St. E also showed the highest POC and the lowest
ammonia mean concentrations. The differences among the three stations become
smaller as the depth increases and they are not significant if the variability is taken
Into account, see section 4.5.
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Table 5. Comparison among the mean values and the standard deviations of the water quality
indicators at the three monitoring sites.

PO4 [NH3 [NO2 [NO3 [TDP |[TDN [SiO2 | Chla [DOC [POC |TPN
(mM) | (nM) |(eM) | (M) |(eM) | (M) | (o) | (ngll) | (mM) | (mM) | (M)

Agp |[Mean| 007 | 056 | 024 | 711 | 021 |17.06| 6.74 4.8 |196.78| 3241 | 46

Std 005|035 | 019 | 582 | 009 |69 | 506 | 323 | 7561 | 27.09 | 4.05

Egp |Mean| 014 | 055 | 0.28 | 7.7 023 |17.29| 7.24 19 |19486|36.16| 4.7

Std 021 | 047 | 041 | 185 | 024 |17.69|10.62| 1.63 | 8150 |41.83| 3.77

Ggyp |Mean| 0.09 | 091 | 029 | 7.1 021 |1832| 6.75 | 285 |17451|22.15| 3.13

Std 006 | 1.28 | 0.38 | 10.8 | 0.11 |13.88|10.68| 5.43 | 55.01 | 11.70| 2.27

Ay [Mean| 005 | 073 | 0.12 | 152 | 017 |1081| 251 | 0.74 |167.30|12.61| 1.56

Std 003 | 0.74 | 0.10 | 146 | 008 | 328 | 1.27 | 045 | 5393 | 55 | 0.74

Eip |Mean| 006 | 028 | 0.19 | 194 | 017 |11.72| 3.38 | 0.81 |150.88|15.13 | 2.07

Std 003 | 028 | 0.31 | 1.64 | 0.09 | 350 | 143 | 034 | 6345 | 801 | 1.79

Gyp |Mean| 007 | 056 | 0.15 | 1.58 | 019 |1228| 27 0.83 |[160.77|12.10 | 1.57

Std 004 | 034 | 021 | 1.03 | 012 | 663 | 142 | 054 | 73.57 | 539 | 0.72

Aoy [Mean| 007 | 0.74 | 0.16 | 1.04 | 0.17 |1020| 32 112 |163.46| 149 | 181

Std 004 | 082 | 025 | 071 | 008 | 349 | 341 | 054 | 4759 | 3.74 | 0.58

Eyx |Mean| 007 | 064 | 021 | 091 | 016 | 970 | 276 | 105 |153.61| 14.7 | 2.10

Std 004 | 069 | 040 | 056 | 008 | 3.75 | 337 | 055 | 7200 | 4.63 | 1.23

Gy |[Mean| 007 | 0.80 | 0.12 | 086 | 016 | 7.79 | 218 | 095 |150.01| 119 | 1.76

Std 005|071 | 010 | 051 | 011 | 466 | 284 | 0.73 | 4571 | 555 | 1.18

The results of the bioassays are summarized in Table 6, which presents the average
initial and concentrations of Chla, POC and PON at sampling sites S2, G, H and L at
the two depths of 1.5 and 6 m and their standard deviations.

Table 6. Initial and final values of the indicators measured in the bioessay.

POC PN Chla

(mv) (mv) (ny/l)

mean Std mean Std mean Std
Initial values 39.4 75 4.6 0.7 151 0.11
Depth = 1.5m
25 57.29 6.65 8.01 1.55 3.38 0.93
Gis 60.29 23.33 8.48 3.18 4.56 2.16
Hys 50.89 7.34 8.81 2.02 343 1.82
Lis 54.41 4.34 9.11 0.75 5.98 2.45
Depth = 6m
S2s 60.98 30.52 9.28 5.34 3.38 0.93
Ge 46.88 15.17 7.85 2.01 5.71 2.40
Hs 47.66 19.89 7.52 2.37 4.64 1.73
Le 4353 7.28 6.68 0.90 5.58 1.49

Chla concentrations showed a marked increase at al stations, 2.2-4.4 times in five
days, with respect to the initial values. The increase was more relevant at 6 m depth
particularly, a& L and G sites (3.8-4.4 times). The highest concentrations were
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observed at site L, which is located at a distance of approximately 750 m from the
farm: this result does not suggest that the potential nutrient enrichment caused by the
farm is the main factor which stimulates the primary production in the area. Instead,
the fact that the production was higher at 6m both at sites G and H suggests that, in
this period, the production at the surface may have been inhibited by the excess of
incident light.

Sediment

Sediment was sampled at stations B, D and G. The first two stations are close to the
water quality station A and E, respectively. In general, sediment parameters showed
little variation with depth, probably due to the mixing induced by bioturbation.
Therefore, the average values of the three replicates are representative of the
conditions at the three sampling stations. The results are summarized in Tab. 7, which
shows the values of the indicators in the top 0.5 centimetres, their mean values and
their range.

Overdl, the sediment parameters indicate that site D is different from the B
and G and that the differences are consistent with the impact of the shellfish farm. As
one can see from Tab. 7, site D presents the lowest values of Ey and the highest mean
values of the other indicators: silt, LOI (250° and 450°), OC, TN and TP. pH, not
shown in the table, was roughly constant and did not show significant variations
among stations. Furthermore, at site D, E4 was found to be negative even in the top
0.5 cm, while it was positive or slightly negative in the core B and G.

The higher content of total nitrogen TN and the higher Corg/Nio rétio at site D
could be attributed to the different deposition rate and composition of organic matter,
and to the reducing conditions.

Table 7. Superficial sediment, average core parameters and range.

Waer | St | B, oc ™ P CIN Porg Pin Lol | Lol
(%) (%) (V) (mol/kg) | (mol/Kg) | (mol/kg) | (mol/mol) | (mg/kg) | (mg/kg) | 450°C | 250°C
(%) (%)
Boos 20|  439| 1606 06 007| 0012 93 532| 3139 33 0.7
Doos 36|  566] -136 08 007| o012 4] 1068| 2774 39 20
Goos %] 283 55 05 005] o012 110 38| 3324 26 06
Bonemn 25|  405| -1221 0.7 006| 0012 116 717| 3139 28 0.9
Do 3| 630] 1363 08 007| 0014 3] 1401| 2909 54 20
G 26| 328| 1335 06 005] 0012 7 784] 3045 29 07
Boin 21|  207| -1643 06 006 0012 93 712| 2616 13 03
B 20|  527| +1606 08 007| 0013 141| 1556| 3687 43 23
Do 30|  380| -1650 07 0,03 01 84 21| 2406 39 09
Drmax STl B4 136 0.9 0.18 018 150| 4729| 3417 68 40
G 21 59| -1826 05 003| 0012 104 25| 2416 20 06
G 20| 490| 55 06 005| 0013 140| 1680| 3763 33 08

26




Radiometric dating analysis were performed in a core sampled at the D station in
order to assess the sedimentation rate in the mussel farming area. As one can see from
Fig. 11aand b, bioturbation is relevant in the surface layer, from 0 to 10 cm, where
the concentrations of radionuclides do not show marked gradients. From 210Pb and
137Cs profiles (Fig. 11) a sedimentation rate of 2-2.5 mm/years was estimated.

The average sedimentation rate was estimated by applying the Constant Flux —
Constant Sedimentation model to 210Pb profile. (Yeager et a., 2004). A
sedimentation rate of 2.2 cm/years was estimated from the results of the regression,
shown in Fig. 11c. Thisfinding is confirmed by the vertical 137Cs profile, which is
characterized by a passing depth of 12.5 cm, corresponding to atime span of 50 years.
In fact, 137Cs was introduced in the environment in the fifties, with the nuclear test.
Highest emission intensity was reached in 1963.

D core D core
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Figure 11. Vertical profiles of concentrations of 137Cs, (left), 210Pb and 214Pb, (centre), and
regression of log-transformed 210Pb, (right): the sedimentation rate was estimated from the slope.

M eiofauna

The results of the analysis of meiofauna abundance and composition are shown in
Tab. 8. Meiofauna abundance was quite similar beneath the mussdl lines, site D, and
at a reference station downstream, site B. Both abundances were lower than those
found at a mussel farm in the Tyrrhenian Sea (Mirto et al. 2000). The spatia pattern
of the abundance was characterized by nematode assemblage ranging between 238.82
ind/cm? at site D, which is located under the oldest part of the farm, and 493.64
ind/cm?® at station G, at a distance of 100m from the mussel lines. No significant
difference was recorded for both copepods and kinorynchs. The Nematode/ Copepods
ratio appears to decrease with increasing distance from the impacted station: therefore
this quantity may be introduced as an indicator for monitoring the impact of mussel
farms. Overdl, these findings do not evidence a significant perturbation of the
meiobenthic fauna due to the presence of the mussel farm. In particular, meiofauna
abundance and composition at site D, beneath the farm, are quite similar to those
found a site B, which can be regarded as areference site.

Table 8. Meiofauna abundances at stations D, G and B.

Abundance (ind/cm®) |B D G

Nematodes 217.76 211.18 321.27
Copepods 14.25 14.47 14.04
Copepod nauplii 7.46 6.25 9.21
Kinoryncha 1.75 0.66 0.22
N/C 15.67 33.78 27.41
M ei of auna metazoan 251.10 238.82 493.64
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M acr ofauna

The analysis allowed the detection of 47 macrobenthic taxa, belonging to 5 different
Phyla (Tab. 9). Univariate indices, such as specific richness, total abundance, and
Shannon index, showed higher values in the station G, located 100 m from the farm,
whereas the macrobenthic assemblage showed no significant differences among sites.
The application of AMBI highlights some differences among the stations, but all
values are assigned to the ‘slightly polluted’ category. Finaly, by using the m-AMBI
method, the stations B and D are categorized as ‘good’, whereas the stations G and M
areclassified as ‘high’.

All this suggests that, even if some differences among the stations are detectable, the
mussel farm has little impact on the macrobenthic community.
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Table 9. Macrofauna abundance (ind/m?) and indices at stations B, D, G, and M; data reported as
average values of 4 replicates.

Phylum
Sipunculida
Mollusca

Annelida

Arthtropoda

Echinodermata

Species
Phascolosoma sp.
Abra ovata
Aporrhais pespel ecani
Calyptraea chinensis
Capitella capitata
Corbula gibba
Dentalium dentalis
Euspira guillemini
Haminoea navicula
Hydrobiidae
Leiostraca subulata
Loripes lacteus
Nassarius sp.

Nucula nucleus

Pitar rudis

Sohenia binghami
Tellina distorta
Tellimya ferruginosa
Thracia papyracea
Turritella communis
Ampharetidae
Drilonereisfilum
Euclymene santanderensis
Glycera convoluta
Goniada emerita
Harmotoe sp.
Lubrinereisimpatiens
Lysidice ninetta
Marphysa belli
Nematonereis unicornis
Nereidae

Onuphys eremita
Owenia fusiformis
Pectinaria auricoma
Phyllodocidae
Sabellidae

Syllidae

Terebellidae
Ampelisca sp.
Copepoda

Crangon crangon
Leucon mediterraneus
Leucothoe sp.
Macrura Natantia
Amphiura chigjei
Ophiothrix fragilis
Trachythyone elongata
Specific richness
Total abundance
Shannon index

AMBI
m-AMBI

B
9.80
9.80

19.61

58.82
9.80

19.61
9.80

39.22
9.80

9.80

19.61

98.04

9.80

9.80

19.61

19.61

9.80
9.80

88.24

19
480.39
2.54
2.76
good

D G
9.80
9.80
9.80
9.80
19.61 29.41
9.80
9.80 9.80
9.80
9.80
9.80
19.61
19.61
39.22 9.80
9.80
29.41
19.61
9.80
19.61
107.84  166.67
9.80
9.80
29.41
9.80
19.61
9.80 9.80
9.80
9.80 29.41
9.80
9.80
19.61
137.25
19.61
9.80
19.61
9.80
68.63
39.22
13 30
313.73 77451
2.16 2.85
143 1.23
good high

M
9.80

9.80

78.43
9.80

19.61
9.80
9.80

9.80
19.61

9.80

9.80
58.82

9.80
19.61

9.80
19.61

19.61

39.22

9.80

58.82

9.80
21
450.98
2.73
1.63
high
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M ussel

The time series of mussel length is presented in Fig. 13. As one cans see, mussel shell
length ranged from 3.92 0.40 cm, on July 13™ 2006, to 7.06 0.81, on May 2007.
Mussels showed a significant increase(ANOVA test Fgg94=84.84, p<0.001) in the
mean values of the shell length over time except for November and December 2006
samples (Tukey’s test, p>0.05, Fig. 12). To this regard, a significant decrease in the
length on January 2007, with respect to December 2006, was observed, which was
likely due to a sub-sampling error. The decrease in the growth rate which was
observed in the autumn months is consistent with previous data collected at the same
site, (Giovanardi & Boscolo, 2003) which showed that the increase in mussel length
was not significant from November 2001 to January 2002. This could be due to both
the reduced food availability and lower water temperature: relative low vaues of
Particulate Organic Carbon were observed at a depth of 10 m in November (10.63
M) and December (6.36 M), at station A, near the mussels sampling station.

10 - mussel shell length
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Figure 12 — Temporal variations of the mussel shell length at ViSMa farm (mean values and standard
deviation are reported) and Tukey’ s test for length val ues.
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The box plot presented in Fig. 13 summarize the time series of the distribution of the
condition index DW/SW and AFDW/SW.
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Figure 13— Box plot of the temporal variations of the condition indexes: @) DW/SW and b)
AFDW/SW and Tukey’ s test results.

DW/SW valuesranged from0.28 0.1 (av s.d) on September 2006 to 0.11
0.016 on November 2006, while AFDW/SW index ranged from 0.26 0.1 on
September 2006 to 0.07 0.01 on November 2006. The highest range of variation
was found for both the indexes in September. These values are similar to those found
in a previous study for the same mussel farm (Boscolo et al., 2002). Both DW/SW
and AFDW/SW observed in  September 2006 and January 2007 were significantly
higher than in the other months: this finding is consistent with the reproductive cycle
in this area, since the increase in mussel soft tissue before the gamete emission usually
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takes place in autumn and in the late winter, (Boscolo et a, 2002; Giovanardi &
Boscolo; 2003). The increase of the indeces in September 2006 could also be related
with water chemical parameters. High nutrients, Chl-a and POC values were found in
the surficial waters, mostly due to high riverine inputs, that increased food
availability.

The data collected in this annual study confirm the seasonal pattern of the
mussel growth which was observed in a previous three-year long study (Boscolo et
al., 2002). This pattern is consistent with the seasonal evolution of water temperature
and food availability, as is shown by the application of the individual based model,
presented in section 4.4.6.

4.4.6 Model application

MERAMOD

The model was used for predicting the spatial distribution of the deposition rate of
organic carbon per unity surface, due to the presence of the mussel farm. Deposition
rates were not determined directly using sediment traps and, therefore, the model
could not be validated in relation to its application to long-line mussel farms.
However, there are indirect evidences that the model results are quite reasonable. In
fact, the order of magnitude of the deposition fluxes are consistent with estimates
found in the literature, as summarized in Tab. 10. The spatia distribution of the
deposition fluxes is shown in Fig. 14: as one can see, the most impacted area include
station E, where the sediment parameters were found to be perturbed by the presence
of the farm.

At a more quantitative level, the model was used for estimating the amount of
OC per unity area deposited during the lifetime of the farm at the sampling stations.
The fluxes thus obtained were used for computing the OC concentrations in the
superficial sediment at steady state, based on the following diagenetic equation:

111—? =F-vxC=0 3

Based on the assumption that the OC behaves as a conservative tracer, it is
possible to use Eg. (3) for obtaining a crude estimation of the maximum increase in
the organic carbon concentration, due to the deposition of the flux  of mussel faeces
and presudofaeces. The sedimentation rate, v=2.5 mm y*, was estimated on the basis
of the #°Pb e di **'Cs vertical profile (CF-CS model) (see 4.4) which were used as
passive radioactive tracers. A sediment density of 2.5 g cm™was assumed:.

The estimates thus obtained were compared with the deviations from the mean
of the OC concentrations in the top 1 cm which were determined during the
presurveys (see section 3). The results are shown in Fig. 16: as one can see, the
model predictions are in good accordance with the deviations observed at stations B,
C, H, I, which are located at the edges of the farm. However, the model seems to
overestimate the depositions at sites A, L and M, within the farm. This is consistent
with Eqg. (3), since the degradation of organic carbon was not taken into account.

32



Table 10. Estimates of Oorganic Carbon fluxes originated by mussel farms.

~70gC m?yr?, (Hartstein et al., 2005 ), New Zealand.
~60gCm?yrt(Aleffi et al. ,1999), Gulf of Trieste, Italy

~40 g Cm?yr?, (Hatcher et al. ,1994), Canada
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Figure 14. Spatial distribution of the yearly depositions of organic carbon released by the mussel farm

predicted by a purposely modified version of MERAMOD.
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i:igure 15. Comparison between the observed concentrations of OC in the superficial sediment and

those estimated using MERAMOD.
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MG-I1BM

The model was successfully applied to the simulation of the growth of a cohort of
specimen, which were seeded in July 2006. The evolution of the forcing functions is
shown in Fig. 16a. The trgectory of the calibrated model is compared with the
observations in Fig. 16b. Only one parameter was calibrated, namely the fraction of
assimilated energy used for the production of gonadic tissue.
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Figure 16a. Evolution of the forcing functions at the Chioggia study site.
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Figure 16b. Model calibration: observed (dots) and predicted (continuos line) Mytilus galloprovincialis
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MGCC

The results of this preliminary application of the integrated model are summarized in
Fig. 17ab, which presents respectively the spatial distributions of Chlorophyll a,
(CHL), and ammonium (NH4) at steady state, and Fig. 18ab,c, which shows the
average yearly concentrations of Chlorophyll a, ammonium and POC at the three
sampling stations.

The model correctly predicts a small impact of the farm on CHL concentration, which
is dlightly depleted by mussel filtration, and POC, which is depleted by filtrations but
increased by biodepositions. As a result, POC is dlightly higher within the farm, in
accordance with the indications provided by the time series of observations. However,
the model overestimates the increase in the ammonia concentration due to the release
of mussel excretion: field observations, in fact, show a slight decrease of ammonia
concentration within the farm.
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Figure 17a and b. MGCC model output: the predicted spatial distributions of: &) chlorophyll-a (CHL);
b) ammonium (NH4). An area of 10 km? is presented in the figures, the red line marks the edge
of the mussel farm.
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model output layer 2 (3-7m): model output layer 2 (3-7m):
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Figure 18a,b,c. Mean annual concentrations of the three indicators chlorophyll-a (CHL), Particulate
Organic Carbon (POC) and ammonium (NH4) at the three stations A, E and G. Black columns
represents model output, while grey ones the field data sampled at 10m depth within the ECASA
fieldwork.

4.5 Evaluation of Indicator Performance

The data concerning the water quality and sediment indicators were treated, in order
to establish the presence of statistically significant differences among the reference
and impacted sites. These differences were tested using the t-test, asis usually donein
impact studies (Manly, 2001). The t statistic was computed using the following
formula

_ d nnn 4
99D Ve @

in which:

d = difference between site “i” and the reference site.
N = sampling size at the reference site

n; = sampling size a site“i”

s = sample standard deviation at the reference site

s = sample standard deviation at site “i”

nr = sampling size at the reference site

n = degrees of freedom of thet distribution

Thet values were used for testing the null hypothesis:

Ho: d=0
Versus the aternative hypothesis:

Hp:d®* O

The results of the test are summarized for water quality and sediment
chemistry indicators by indicating the probability a of committing an error by
rgjecting the null hypothesis. In most application, the null hypothesis is rejected,
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which in our case means that the indicators signal the presence of an impact, if a <
0.05.

Water quality indicators

The data collected at sites A, E and G, see Fig. 9, in the eight field campaign were
pooled, in order to compute the sample mean and standard deviations per each site at
the three sampling levels. Site A was assumed as a the reference: the results of the
application of Eq. (4) are presented in Tab. 11, which gives the values of t, and the
associated probability, with n = 8+8-2=14.

Table 11. Values of the t statistic for the differences between reference and potentially impacted sites
and probability a of committing an error by rejecting the null hypothesis (absence of impact).

P-PO4[NH3 [NO2 [NO3 [TDP [TDN [SiO2 | Chl-a [DOC [POC |[TPN
(mM) (M) (M) (M) (M) | (mM) (M) | (mgll) (M) (M) | (M)
(E-A)qyp | 0458 | -0.057 | 0.263 | 0.115 | 0175 | 0.035 | 0.121 | -0.746 | -0.049 | 0.211 | 0.048
0.654 [0.955 | 0.797 | 0.910 | 0.gg4 | 0.972 | 0.906 | 0.468 | 0.962 | 0.836 | 0.962
(G-A)gp| 0283 [ 0734 | 0362 | 00 | -0.127 [ 0.230 | 0.002 | -0.151 | -0.674 | -0.987 | -0.899
0781 | 0475 | 0.722 | 1. | 0901 | 0.821 | 0.999 | 0.822 | 0.512 | 0.340 | 0.384
(E-A)o | 0862 | -1.641 | 0.769 | 0526 | -0.137 | 0.536 | 1.218 | 0.316 | -0578 | 0.734 | 0.744
0.403 | 0.123 | 0.454 | 0.607 | 0.893 | 0.600 | 0.219 | 0.757 | 0.586 | 0.475 | 0.469
(G-A) 1o | 1282 | -061 | 0.402 | -0221| 0.33 | 0563 | 0.272 | 0.369 | -0.203 | -0.187 | 0.013
0.221 | 0.551 | 0.694 | 0.828 | 0.746 | 0.582 | 0.790 | 0.718 | 0.842 | 0.854 | 0.990
(E-A)yo | 0436 | -0.284 | 0.173 | -0.565 | -0.205 | -0.273 | -0.261 | -0.236 | -0.323 | -0.086 | 0.595
0.670 | 0.781 | 0.865 | 0.581 | 0.840 | 0.789 | 0.798 | 0.816 | 0.752 | 0.933 | 0.562
(G-A)yo | 0127 | 0144 | -0.602 | -0.917 | -0.082 | -1.168 | -0.246 | 0519 | -0577 | -1.262 | -0.106
0.901 | 0.887 | 0.557 | 0.375 | 0.936 | 0.262 | 0.809 | 0.612 | 0.573 | 0.228 | 0.917

As one can see, all probability are higher than 0.05. Therefore, the test does not
indicate the presence of a dtatistically significant differences of the water quality
indicators due to the presence of the mussel farm. This means that the assimilative
capacity of the water column is high and the pelagic ecosystem should not be affected
by the presence of the farm in this area.

Sediment Indicators
The data collected at sites B, D and G, see Fig. 9, in the “ECASA” field survey were
pooled in two different ways as follows, in order to test the difference between the
surficial and core sediment chemistry parameters:
the sample means and standard deviations of the sediment surface data
(0-0.5 cm) were compute at each site (n = 3+3-2 = 4);
the observation taken at each core at the four layers 0.5-1.5,1.5-2.5,2.5-
3.5,3.5-4.5 were considered as independent estimates of the average
concentration in the depth range 1-4 cm (n = 4+3-2 = 10).

Site B was assumed as the reference, since, in respect to the farm, it islocated
upstream the Western Adriatic Current, which is dominant in autumn and winter. The
results are summarized in Tab. 12, which shows the value of the t-statistic for the
differences between the reference and potentialy impacted sites, first row, and the
associated probabilities, for both the top layer and the four deeper layers.

37




Table 12. Values of the t statistic for the differences between reference and potentially impacted sites

(first row) and the probability a of committing an error by rejecting the null hypothesis (second row).
Probabilities lower than 5% are marked in red.

% | Sit | Ef | OC | TN | TP | CIN | Pyy | Pn | LOI | LOI
water 450 °C | 250 °C
(D-B)oos | 1.867| 1.363| -3.731| 1.341| 0114 0419| 1.371| 1.407| -3.093| 0.402| 0.177
0.135| 0.244| 0.020| 0251| 0915| 0697| 0242| 0232| 0.036| 0.708| 0.868
(G-B)oos |-1.048| -4.104| -2.164| -1588| 0.375| 0.606| 0.375| -0.241| 0.611| -1.246] 0.300
0.354| 0015| 0.096| 0.187| 0.727| 0577| 0.727| 0.821| 0574| 0.281| 0.779
(D-B)isas | 4741 5.361| 0.849| 1.646| -0.042| 1.661| 2.166| 2547| -2.913| 2.615| -3.232
<10-3| <10-3| 0.405| 0.114| 0967| 0.111| 0041| 0018| 0.008| 0.016| 0.004
(G-B)1sss | 1.278| -2125| 0.391| -3.819| -5.327| -0.708| 0.618| 1.181| -3.929| 0.249| -1.359
0.272| 0045| 0.699| 0.001| <10-3| 0486| 0543| 0.250| 0.001| 0.805| 0.188

The results seem to indicate that the sediment chemistry is impacted by the mussel
fam at site D, which is located inside the farm. The first evidence of organic
enrichment at site D is given by the EH in the top layer, which is significantly lower
in D than in B. Further indications of impact can be found in the layers 1.5-4.5 cm. In
fact, in respect to site B, site D presents significantly higher values (p< 0.05) of water
content, percentage of silt, C/N ratio, Organic Phosphorus and LOI450. Organic
Carbon and Total Phosphorus are also higher at site D, even though these differences
can not be considered statistically significant. Overall, the above differences are
consistent with the hypothesis that the presence of the farm cause a detectable organic
enrichment of the sediment beneath the mussel ropes. On the contrary, the differences
among the indicators at site G and site B can not be univocally ascribed to the
presence of the farm, but, rather, could be due to the different sediment texture in the
sampled cores. In fact, the percentage of silt at site G is significantly lower than at site
B and the percentage of sand is, correspondently, higher. Furthermore, the percentage
of Organic Carbon is significantly higher at the control site than at site G.

However, the impact on sediment chemistry does not seem to severely hamper the
development of the macro- and meio-zoobenthic community: as one can see from
Tab. 9 the diversity indeces and the AMBI index do not evidence any marked
difference in the abundance and structure of this community between reference and
potentially impacted stations.

4.6 Evaluation of M odel Performance

The model applied to the VISMA site were tested, whenever possible, using the GOF
criterion agreed upon within the ECASA project. The results are summarized in the
following paragraphs.

MG-1BM

The model was validated against data collected at Pirano and Strunjan, Slovenia. The
source of the data is a PhD Thesis (Tusnik, 1985), which was kindly made available
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by the ECASA participant Marine Biology Laboratory of Pirano, Slovenia. Water
temperature, Chlorophyll a, POC and mussel biometric parameters were monitored
fairly regularly at the two sites from December 1978 to December 1979. The sites
turned out to be characterized by quite different POC and Chla a concentrations in
summertime. For validation purposes, data were pooled, in order to increase the
robustness of the statistical analysis. The results of the validation are summarized by
the scatter plot shown Fig. 20, and in Tab. 13. The statistical analysis, see Tab. 13,
indicates that both GOF criteria are met by the model.
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Figure 20. Observed vs predicted dry weights.

10

15 2.0
Predicted Wy [g]

3.0

Table 13. MG-IBM validation performance, in accordance with GOF criteria adopted in the ECASA

project.

r’, % of variance 0.81|p, on null <10” (F=51.3)
hypothesis
b,, regression 0.12 se. 0.13
intercept bo
t = (bo _ 0)/ se, 0.88[p 0.39
0
b, , regression slope 0.75| ga. 0.1
bl
25|p 0.028

t= (51 - 1)/ e,
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4.7 Site specific conclusions

The results presented in the previous sections indicates that the long line mussel farm
has a low impact on both the pelagic and benthic ecosystem. This means that the site
has a large assimilative capacity, which mitigates the potentially adverse effect of this
type of shdlfish culture. On the other side, the ecosystem provides sufficient
resources for the mussel growth, as is demonstrated by the weight and length, which
allow the farmers to commercialize the product after a approximately ten months from
seeding. These two factors support the conclusion that long-line mussel farming is
managed in a sustainable way at ViSMa site.

As far as the impact is concerned, the seasonal evolution of the water quality
indicators within the mussel farm and in the vicinity of the farm does not show
significant deviation from the typical pattern of the indicators in the area. In
particular, ammonia, nitrate, reactive phosphorus and chlorophyll-a concentration are
generaly low, but can be occasionally affected by the river plumes. At farm scale, or
scale A, there is no evidence of impact of the mussel farm on the selected indicators.
At scale B and C, the application of a reaction-transport model indicates that the farm
causes a dlight depletion, about 10%, of POC and phytoplanktonic density and a
limited increase in the ammonia concentration, about 10%, which is restricted to the
farm boundaries. This impact was not detected by the field measurements, probably
because of the high spatia and tempora variability which is typical of coastal areas
affected by river plumes. However, these results may be important for the proper
management of the area: the results of a set of simulation with the MGCC model, not
shown in this report, in fact, suggests that the release of new concessions for mussel
farming in the area should be carefully evaluated, since an excessive presence of
mussel farm may lead to a decrease in the biomass yield. As regards the sediment, the
results suggest that the has an impact on the sediment geochemistry, which is,
nevertheless, restricted to the area of the farm. However this impact does not seem to
severely damage the macrobenthic and meio benthic communities, since the
abundance and composition of the meiofauna are quite similar at the reference and
impacted sites and the AMBI index lead to classify as “good” both sites.

4.8 Culturetype and environment type conclusions

Overdl, the results of this project clearly indicates that off-shore long-line mussel
farming can be managed in a sustainable way along the North Western Adriatic
coastline. The monitoring of the on-growing mussel biometric parameters confirms
that the ecosystem provides sufficient resources which makes mussel farming a
profitable activity. As far as the potentialy adverse effects are concerned, the
assimilative capacity of this area seems to be large, in relation to the pressure caused
by the presence of a typical mussel farm. These finding indicate that, as far as the
ecological carrying capacity is concerned, there is a potential for further expansion of
this activity in this area. However, such an expansion should be carefully planned, in
order not to exceed the carrying capacity of a given coastal area. To this regard, the
models tested within this project may represent valuable tools for planning the release
of new concession, in alCZM framework.
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Appendix 1. Details of all methods used (indicators, models, etc)

For sampling procedures and analytical methods, please refer to the ECASA book of
protocols.

MG-1BM
For adetailed description of the model please visit the page:
http://www.ecasatool box.org.uk/the-tool box/drawer-4/model s'/breamod

MGCC
For adetailed description of the model, please visit the page:
http://venus.unive.it/envimod/Software.html

MERAMOD
For adetailed description of the model, please visit the page:
http://www.ecasatool box.org.uk/the-tool box/drawer-4/model s/copy _of depomod

The different mathematical models used within this study are presented in detail in
Brigolin (2007).



Appendix 2. Environmental data.

Table A3.1 Metadata characteristics.

Type of data

Sediments |
presurvey

Sediments 1|
presurvey

Macrobenthos
survey

Meiobenthos
survey

Bioassay
survey

Sediments
survey

WaterQ 10
months

Mussel
biometries 10
months

CTD profiles

Current meter

Format

Tab delimited
txt; xls

Tab delimited
txt; xls

Tab delimited
txt; xls

Tab delimited
txt; xlIs

Xls

Tab delimited
txt

Tab delimited
txt; xls

Tab delimited
txt; xls

Folder
containing .xIs
files
Xls

L ocation

ftp:/Ivenus.unive.it/Software/METADAT
A/l_Presurvey xls

ftp:/Ivenus.unive.it/Software/METADAT
A/ll_Presurvey.xls

ftp:/Ivenus.unive.it/Software/METADAT
Al/macrobenthos_survey.xls

ftp://venus.unive.it/Software/METADAT
A/meionethos_survey.xls

ftp:/Ivenus.unive.it/Software/METADAT
Al/bioessay.xIs

ftp:/Ivenus.unive.it/Software/METADAT
A/Sediments_Survey.xls

ftp://venus.unive.it/Software/METADAT
AlwaterQ_10months.xls

ftp:/Ivenus.unive.it/Software/METADAT
A/mussel biometries_10months.xls

ftp:/Ivenus.unive.it/Software/METADAT
AlecasaexIsCTD/

ftp:/Ivenus.unive.it/Software/METADAT
Alcurrent_meter.xls

DateLast
M odified

12 December
2007

12 December
2007

12 December
2007

12 December
2007

12 December
2007

12 December
2007

12 December
2007

12 December
2007

12 December
2007

12 December
2007

Prepared by

Daniele Brigolin

Daniele Brigolin

Daniele Brigolin

Daniele Brigolin

Daniele Brigolin

Daniele Brigolin

Daniele Brigolin

Daniele Brigolin

Daniele Brigolin

Daniele Brigolin
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Appendix 3. Models and their output

MG-IBM
a Visual basic™ user-friendly version of this model can be freely downloaded at the
web-page http://venus.unive.it/envimod/Software.html

MGCC

A copy of the model is deposited on the Venice University Web-server. For further
information, please contact: brigo@univeit, or vist the web page
http://venus.unive.it/envimod/Software.html

MERAMOD

The MERAMOD™ algorithms, source and executable code for implementation are
property of SEPA and SAMS. Software is sold under license to external bodies and
source code is not distributed with license. The code can be required by contacting the
e.mail address: chjc@sams.ac.uk
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