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Abstract 29 

The Venice lagoon social-ecological system is characterized by a strong relationship between the natural 30 

environment and human activities. This is especially noticeable in the aquaculture and hunting reserves of the 31 

lagoon, locally known as valli da pesca. Previous works about Ecosystem Services (ESs) in the Venice lagoon 32 

focused on the so-called “open lagoon”, overlooking the role of the valli da pesca. Nonetheless, despite being 33 

completely managed ecosystems, the valli da pesca have conserved typical elements of transitional water 34 

environments that the other parts of the lagoon have lost. By evaluating nine ESs using a spatially explicit 35 

approach, we found that the valli da pesca, despite covering 17% of the surface, are contributing for 38% of the 36 

ESs total capacity, and for 24% of the ESs total flow, in comparison to the open part of the lagoon. Moreover, 37 

the management that aims to maximize in a perspective of sustainability some provisioning ESs, such as 38 

extensive aquaculture, can positively influence the presence of factors on which other ESs capacity is also 39 

based. As a result, the open lagoon benefits from a sort of spill-over effect for lifecycle support, hunting, and 40 

cultural ESs such as tourism, information for cognitive development, and birdwatching. Such significant 41 

contributions could be endangered in the context of a lagoon subjected to increasing pressures from anthropic 42 

activities, where adaptations to impacts, as well as to climate change and sea-level rise effects, in the long run 43 

will modify the lagoon hydrodynamics and the sea-lagoon connectivity, threatening the valli da pesca and so 44 

their ESs supply. 45 

Keywords: Ecosystem Services, ‘Side Effects’, Valli da pesca, Extensive aquaculture, Waterfowls Hunting, Venice lagoon 46 

 47 

1. Introduction 48 

In the last decades, assessment and mapping of Ecosystem Services (ESs) have become effective methods to 49 

highlight all the contributions that humankind receives from Nature (Costanza et al. 1997; Burkhard and Maes 50 

2017; Baró et al. 2016; MEA 2005), making evident also services that would otherwise go unnoticed by the 51 

mere fact that they flow effortlessly to human beings (Liu et al. 2007).  52 

Nature and humans always interact, creating complex social-ecological systems, where society receives 53 

positive contributions to their well-being through the ecological processes. 54 

In Italy, the Venice lagoon ecosystem is an emblematic example of such a complex social-ecological system. 55 

Since remote times, interactions between natural factors, social dynamics, and economic activities have shaped 56 

and affected its morphology and functioning (Solidoro et al. 2010). Given the complexity of these interactions, 57 



understanding spatial and temporal patterns of ESs capacity and flow (sensu Villamagna et al., 2013) plays a 58 

key role in environmental decision-making regarding the Venice lagoon, as suggested by Rova et al. (2015, 59 

2019). 60 

Previous works, however, focused on the so-called “open lagoon”, composed of the principal islands and 61 

water bodies (Newton et al. 2018; la Notte et al. 2017; Rova et al. 2015; D’alpaos and D’alpaos 2021; Rova et 62 

al. 2019; Rova et al. 2022). Until now, no data have been gathered about the possible contribution to ESs by 63 

some confined, man-managed areas along the lagoon edges, called in Italian “valli da pesca”. These areas, 64 

considered as Heavily Modified Water Bodies (HMWB) under the Water Framework Directive (European 65 

Commission 2000), are located at the interface between the land and the lagoon water and are almost 66 

completely closed, covering a total surface of approximately 97 km2. 67 

Like other similar environments in other coastal lagoons of the Northern Adriatic, the valli da pesca were 68 

established during the XIV Century as aquaculture facilities, where temporary boundaries were conceived to 69 

entrap fish without affecting water flows. Over time, the valli da pesca have been progressively isolated from 70 

the lagoon with permanent embankments. Nowadays they are used especially for fish farming and waterfowl 71 

hunting, and depend almost completely on human intervention for functioning, in terms of freshwater and 72 

brackish water supply, as well as for the maintenance of morphological features, resulting in an ecosystem that 73 

can be considered like an “artificial ecosystem”. Quite paradoxically, the valli da pesca, due to their private 74 

management regime, have conserved typical elements of transitional ecosystems that the lagoon itself has 75 

instead progressively lost. Consequently, it is legit to ask whether these environments, while including and 76 

preserving brackish water basins, freshwater lakes, and saltmarshes, could act as important conservation 77 

areas, while providing ESs for the lagoon social-ecological system. 78 

This work presents the first quantitative, GIS-based assessment of ESs in the valli da pesca of the Venice 79 

lagoon. On the one hand, it widens the knowledge about today’s status of these ancient but poorly investigated 80 

environments, and on the other hand, it suggests some reflections about the effects of private land 81 

conservation. Furthermore, it explores the multiple ESs capacity and flow relationships emerging within these 82 

areas, and sheds light on their contribution to the whole lagoon ‘ESs budget’. 83 

 84 

2 Materials and methods 85 

2.1 Study area 86 

The study area is included in the Venice lagoon, the widest Italian transitional ecosystem (Fig.1). Each of the 87 

27 valli da pesca that are currently still operative consists of a series of basins at different water salinity, 88 

separated from each other, and from the lagoon, by means of artificial embankments, imitating the typical 89 

transitional water gradients. 90 

Indeed, a typical valle da pesca receives the lagoon water that enters through a barrage, flows in the 91 

brackish lakes, and then glides towards the land. On the opposite side, some basins store freshwater inputs 92 

coming from inland rivers, creating a freshwater wetland area from which the water flows out to reach the 93 

major brackish basin. The mixed water then circulates in different sectors of the valle and finally, with the low 94 

tide, flows out into the lagoon (more information in Supplementary Materials I, Fig. S.M. 1.1). This creates a 95 

heterogeneous landscape with strong ecological gradients and a multitude of habitats, as much as a natural 96 

lagoon. 97 



Among the valli da pesca, different types of management can be distinguished, ranging from aquaculture 98 

and hunting reserves to tourist estates, but all of them show the common trait of having a restricted access 99 

regime, making it difficult to collect data.  100 

 101 

 102 

Figure 1 Study area; 1 =Valle Dogà, 2 = Valle Grassabò, 3 = Vallesina, 4 = Valle Fosse, 5 = Valle Lio Maggiore, 6 = 103 
Valle Bianca, 7 = Valle Dragojesolo, 8 = Valle Cavallino, 9 = Valle Falconera, 10 = Valle Liona, 11 = Valle Olivara, 12 = 104 
Saline-Manciane-Sparasera, 13 = Valle Paleazza, 14 = Valle Sacchettina, 15 = Valle Sacchetta, 16 = Valle Ca' Zane, 17 = 105 
Santa Cristina island, 18 = Valle Perini, 19 = Valle Miana-Serraglia, 20 = Valle Averto, 21 = Valle A.M.A., 22 = Valle 106 
Contarina, 23 = Valle Cornio Alto e Cornio Basso, 24 = Valle Zappa, 25 = Valle Figheri, 26 = Valle Pierimpiè, 27 = Valle 107 
Morosina-Ghebo Storto.  108 

2.2 ESs’ data collection, analysis, and mapping 109 

The nine Ecosystem Services and related indicators for both capacity and flow are reported in Table 1. The ES 110 

category refers to the nomenclature of the Common International Classification of Ecosystem Services (CICES 111 

framework). 112 

 113 

 114 



Table 1 ESs selected for the present assessment and the adopted indicator. 115 

2.2.1 Regulating and maintenance ESs 116 

The climate regulation ES has been assessed as carbon sequestration process by saltmarshes accretion (Day et 117 

al. 1998; Roner et al. 2015) and seagrasses meadows (Sfriso and Francesco Ghetti, 1998; Sfriso and Marcomini, 118 

1999; Sfriso et al., 2007) that are present in the studied reserves. 119 

 The water purification ES is expressed as the nitrogen removal capacity of brackish lakes, in proportion to 120 

the water volume and its turnover time in each valle da pesca. Because of the unavailability of local data, the 121 

estimation was based on denitrification data by Ravagnan (1982), who measured the difference between the 122 

TIN in the inflowing water and outlet water in valli da pesca which are in all aspects managed similarly to the 123 

valli da pesca considered in this case study. 124 

According to the literature, the capacity and flow indicators of the aforementioned regulating ESs are 125 

considered to be coincident (Schröter et al. 2014; Hein et al. 2006a). 126 

The lifecycle support was assessed by focusing on the migration patterns of both the fish and waterbirds. 127 

Fish lifecycle support capacity was estimated by extrapolating the distribution of mugilids fingerlings in the 128 

most confined part of the lagoon, retrieved from a spatialized food-web model of the Venice lagoon based on 129 

functional groups (Anelli Monti et al., 2021). For migratory birds, we mapped for each one of the valli da pesca 130 

the favorable factors, namely saltmarshes, freshwater presence, shrubs, and herbaceous vegetation, that 131 

enhance the attractiveness for resting and molt changing (Korschgen et al., 1985; Havera et al., 1992; Arzel et 132 

al., 2006; Hatziiordanou et al., 2019). Fish and waterbird lifecycle support capacities were normalized on a 0-133 

1 scale. To assess the flow for fish lifecycle support we referred to the actual mullets’ biomass sown per hectare 134 

CICES   section Ecosystem 

Service 

Capacity indicator Flow indicator 

 

Regulating & 

Maintenance 

services 

Climate regulation Carbon sequestration rate by saltmarshes and seagrasses [gC m-2 y-1] * 

Water purification Percentage of Nitrogen load removed by denitrification process in brackish water [%] * 

*According to Schröter et al. (2014) and Hein et al. (2006) capacity and flow indicators of climate regulation and water purification ESs have been considered 

coincident  

Lifecycle support for 

fish and of avian 

migratory species 

Attractiveness for migratory waterbirds 

and potentially hostable juveniles fish 

biomass normalized to a 0-1 scale 

Number of wintering migratory waterbirds 

and sown juveniles fish biomass normalized 

to a 0-1 scale 

Provisioning 

services 

Aquaculture 

production 

Fish biomass [kg ha-1y-1] Harvested fish biomass [kg ha-1y-1] 

Waterbirds’ hunting Number of huntable waterbirds [n ha-1y-1] Number of catches [n ha- y-1] 

Wild edible plants and  

honey production 

Salicornia sp. biomass [kg ha-1y-1] 

Honey [kg ha-1y-1] 

Harvested Salicornia sp. biomass [kg ha-1y-1] 

Harvested honey [kg ha-1y-1] 

Cultural services 

Tourism Tourism attractiveness [0-1 scale] Number of tourists [n y-1] 

Information for 

cognitive development 

Environmental education attractiveness 

[0-1 scale] 

Number of one-day guided excursionists and 

students [n y-1] 

Birdwatching Birdwatching attractiveness [0-1 scale] Mean number of active birdwatchers [n y-1] 



(kg ha-1 y-1), referring to the species Mugil cephalus, Chelon labrosus, Chelon aurata, Chelon saliens, and 135 

Chelon ramada, as officially declared by the valli da pesca managers. We focused on mullets because they are 136 

the only taxonomic group for which data regarding the sowing of juveniles were available, and because the 137 

origin of their fingerlings was local. In contrast, for other farmed species (for example Sparus aurata, 138 

Dicentrarchus labrax), it is more frequent that fry often come from intensive hatcheries, not necessarily 139 

located in Northern Italy; thus, we decided to not take them into account for assessing the lagoon fish lifecycle 140 

support ES. For birds lifecycle support flow, we referred to the average number of migratory waterbirds that 141 

winter within the valli da pesca, from the last ten years’ waterbirds annual censuses (AFV 2020). The resulting 142 

indicators were combined and then normalized on a 0-1 scale. 143 

  144 

2.2.2 Provisioning ESs 145 

The aquaculture practiced in the valli da pesca is mainly extensive aquaculture. In this type of aquaculture, 146 

fish are free to move into a wide brackish basin and rely only on natural food (Costa Pierce 2002). Therefore, 147 

aquaculture capacity is represented by the potential biomass hosted by the brackish basins of each valle da 148 

pesca (kg ha-1 y-1), estimated from a spatialized food-web model (Anelli Monti et al. 2021). The flow is expressed 149 

as the average fish catches per hectare of brackish water surfaces per year (kg ha-1 y-1), according to the 2010-150 

2019 official data (Regione Veneto).  151 

The waterfowl hunting was evaluated in terms of capacity by using the time series of waterbird censuses 152 

from 2010 to 2019 (Associazione Faunisti Veneti). Since the census data were associated with point features, 153 

we interpolated the average number of huntable birds censused in the last ten year by Dirichlet-Voronoi 154 

tessellation for implicit surfaces to obtain the most likely spatial distribution of huntable waterbirds per 155 

hectare per year. Hunting flow was obtained from waterbird catch historical series, collected from 2010 to 156 

2020 (Ente Produttori Selvaggina Veneto). 157 

The food production ES focused on wild edible plants of the genus Salicornia growing in saltmarshes and 158 

on honey obtained from flowers of sea lavender (plants of the genus Limonium).  159 

Perennial saltmarsh vegetation dominated by halophytic dwarf shrubs has been identified by visual census 160 

method in 12 patches of two different valli da pesca (Valle Dogà and Valle Cavallino, Figure 1 - 1, 8), and then 161 

through the identification of their predictive range in R, G, B bands reflectance values, filtered through a cut-162 

off NDVI value calculated from aerial and satellite images (listed in Supplementary Materials II Tabs. S.M. II 163 

– 1, 2). The identified vegetation patches allowed for the evaluation of the capacity for edible plants, in terms 164 

of kilograms of Salicornia biomass that could be harvested in the valli da pesca per year. Considering the 165 

Limonium inflorescence cover in the patches (Fantinato and Buffa 2019) and the ratio between the number of 166 

sea lavender flowers and grams of honey potentially produced per unit area, the honey capacity was assessed 167 

as kilograms of honey that can be produced in the valli da pesca. The flow indicator refers to the kilograms of 168 

harvested plants and honey. Edible plants harvesting data were reported by 2020 market data (Veneto 169 

Agricoltura), by interviewed local people and restaurant chefs, while the amount of sea lavender honey was 170 

witnessed by 5 beekeepers. 171 

2.2.3 Cultural ESs 172 

Tourism attractiveness was assessed by a survey carried out in the second half of 2019, addressing tourists who 173 

recreate and travel in the Venice lagoon.  174 



To assess the tourism ES capacity, we mapped for each one of the valli da pesca the attractiveness factors 175 

evaluated by tourists in the questionnaires, namely saltmarshes presence, the possibility to observe birds and 176 

fauna, good water quality, and the chance to contemplate natural terrestrial habitats. Each element was 177 

weighted to depict the interest declared by the people and normalized to a 0-1 scale index. 178 

Tourism flow was represented by the number of persons who, during a year, had passed at least one night 179 

in one of the accommodation facilities within the valli da pesca. 180 

Regarding the ES information for cognitive development, the natural factors that enhance touristic 181 

attractiveness have been mapped along with the inclusivity toward the necessities of people with disabilities. 182 

The resulting map was normalized to a 0-1 scale. The flow indicator summarized data concerning the number 183 

of persons who annually attend outdoor educational activities or guided one-day trips, as reported by touristic 184 

guides and associations (ATN Laguna Sud, Cooperativa Limosa, Ente di promozione turistica di Cavallino 185 

Treporti, Oasi WWF Valle Averto). 186 

Birdwatching ES capacity was expressed with the birdwatching attractiveness normalized map, based on 187 

the factors reported as important by 30 interviewed birdwatchers: the presence of pedestrian paths, 188 

saltmarshes presence, nesting areas in the visual field, and a high probability of observing birds. All these 189 

factors were summed and scaled to obtain a normalized attractiveness map. Birdwatching ES flow indicator 190 

was considered the mean number of active birdwatchers derived from the observers’ activity trend, recorded 191 

from 2010 to 2020 in the Italian birdwatchers’ database (https://www.ornitho.it/). 192 

2.2.4 Aggregated ESs indicators 193 

Each ES indicator was spatially assessed in the valli da pesca and in the open lagoon, that is all the lagoon 194 

surface which is not privately managed. The open lagoon ESs assessment was conducted accordingly with the 195 

one presented by Rova, Stocco and Pranovi (2022), and detailed in Supplementary Materials III. Once we 196 

obtained the raster layer for each indicator, for both the valli da pesca and the open lagoon, the results were 197 

normalized to a 0-1 scale and finally aggregated to have a normalized sum of all the ESs capacities and a 198 

normalized sum of all the ESs flows, allowing quantitative spatial comparisons. In particular, we ran the 199 

algebraic sum of the normalized raster values through the core zonal statistics plugin in QGIS, by overlapping 200 

the polygons of the areas of interest on each ES normalized raster. The results were compared between the 201 

valli da pesca and the non-managed part of the lagoon and expressed as percentage of the overall capacity and 202 

flow, as well as the percentage of each ES capacity and flow of the valli da pesca with respect to the related 203 

values found in the open lagoon. All the analyses were performed using the software R 4.1.2 (R Core team, 204 

2021) within the RStudio 2021.09.2 environment (RStudio Team, 2021). 205 

2.3 ESs spatialization 206 

To assess all the considered ESs with a spatially explicit approach, remote sensing imageries of the study area 207 

were collected and analyzed to obtain the land cover/land use map (LULC) on which ES mapping was based. 208 

To do so, a machine-learning, scalable gradient-boosting decision trees XgBoost algorithm (Chen and 209 

Guestrin 2016) was used to classify land cover classes from multispectral and hyperspectral remote sensing 210 

data. Very High-Resolution multi-spectral satellite scenes (VHR), collected by Worldview-02, Worldview-03, 211 

and GeoEye-01 constellations, were granted by the European Space Agency Services via the “ESA On-Demand 212 

Restricted Data Access program” (see Supplementary Materials II for details). 213 



For some uncovered areas, satellite tiles were pan-sharpened and mosaicked in a custom composition of 214 

RGB + NIR raster stack, along with AGEA aerial photograms at 20 cm resolution, granted by Regione Veneto. 215 

The classification was performed on the multi-band images through the tuning of the XgBoost algorithm 216 

and was assessed with an accuracy test, resulting in a mean of 96% correct class prediction. 217 

The classification and the following spatialization tasks have been performed with the open source software 218 

QGIS 3.16 (QGIS Association: QGIS Geographic Information System, 2022), R 4.1.2 (R Core, 2022), and 219 

RStudio 2021.09.2 (RStudio Team, 2022). 220 

3 Results 221 

The assessment results are summarized in Table 2. The spatial distribution of each ES capacity and flow are 222 

illustrated in Supplementary Materials IV. 223 

 Capacity Flow 

Ecosystem 
service Measure unit Mean ± s.d. Values range Measure unit Mean ± s.d. Values range 

Climate 
regulation 

gC m-2 y-1 60.86 ± 54.60 10.00 ÷ 245.00 gC m-2 y-1 60.86 ± 54.60 10.00 ÷ 245.00 

Water 
purification 

% removed 
nitrogen 

9.37 ± 11.67 0.00 ÷ 34.61 
% removed 

nitrogen 
9.37 ± 11.67 0.00 ÷ 34.61 

Lifecycle 
support 

0-1 scale 0.58 ± 0.23 0.30 ÷ 0.73 0-1 scale 0.31 ± 0.24 0.00 ÷ 1.00 

Aquaculture kg ha-1 y-1 60.79 ± 59.99 0.00 ÷ 119.92 kg ha-1 y-1 29.83 ± 34.77 0.00 ÷ 159.13 

Hunting n ha-1 y-1 29.56 ± 36.56 0.02 ÷ 376.67 n ha-1 y-1 6.12 ± 4.77 0.00 ÷ 20.94 

Wild hedible 
herbs & honey 

production 

edible plants kg 
ha-1 y-1 

0.20 ± 0.37 0.00 ÷ 2.03 
edible plants kg 

ha-1 y-1 
0.00 ± 0.00 0.00 ÷ 0.00 

honey kg ha-1 y-1 0.11 ± 0.01 0.00 ÷ 0.11 
honey 

kg ha-1 y-1 
0.03 ± 0.10 0.00 ÷ 0.45 

Tourism 
attractiveness, 

0-1 scale 
0.49 ± 0.14 0.06 ÷ 1.00 

tourists 
n y-1 

7.86 ± 34.07 0.00 ÷ 20.00 

Information for 
cognitive 

development 

attractiveness, 
0-1 scale 

0.30 ± 0.12 0.04 ÷ 0.89 
students 

n y-1 
102 ± 470 0.00 ÷ 3640.0 

Birdwatching 
capacity 

attractiveness, 
0-1 scale 

0.33 ± 0.23 0.00 ÷ 1.00 
birdwatchers 

n y-1 
1.47 ± 5.99 0.00 ÷ 38.67 

Table 2 Capacity and flow results in the valli da pesca. 224 

Overall, in the valli da pesca the highest values for carbon sequestration were detected in the areas where 225 

both saltmarshes and seagrasses are present, reaching values up to 245 gCm - 2y - 1 . The mean carbon 226 

sequestration has been estimated at 60.86±54.60 gCm - 2y - 1 , for a total amount of 2448 tonC y - 1 ,  or  8982 227 

tons of CO2y-1 (Supplementary Materials IV, a). The water purification ES is represented by an average removal 228 

of 9.37% (±11.67%) of the nitrogen loadings; the greater the extent of the brackish lakes in the valli, the higher 229 

results the removal capacity. However, it must be noticed that this average estimate may likely be influenced 230 

by the water quality of the river water entering the valli da pesca (Salvetti et al. 2008; Bettiol et al. 2005) and 231 

must be considered as a first estimate of the average value for this ES. 232 

As regards the lifecycle support, the capacity indicator is homogenously distributed with a mean of 0.58 233 

(±0.23), on a 0-1 scale, while the flow indicator shows a mean of 0.31±0.24 (Supplementary Materials IV, c-234 

d). 235 



The aquaculture capacity of the study area results in a mean of 60.79±59.99 kg per hectare per year, but 236 

the flow of this ES varies greatly between different valli da pesca (Supplementary Materials IV, f) because it is 237 

influenced by several factors, both natural and social. Fish production is related to fish sowing, which in turn 238 

depends on wild fry availability; moreover, fish sowing is dependent on both fish survival to the previous years 239 

and precedent production. Based on the 2014-2019 period, the average total quantity of juveniles sown per 240 

year was 6’867’213, with a value per valle da pesca ranging between 26’000 and 2’793’033 individuals. On this 241 

basis, the mean sowing value was 1’227 (±958) juveniles per hectare per year. Thus, when faced with an average 242 

production of the whole area of 29.83 (±34.77) kg ha-1 y-1, we must distinguish that the valli da pesca carrying 243 

out semi-intensive aquaculture show a value of 70.55 ± 23.78 kg ha-1 y-1 (e.g., valli da pesca n. 2, 22, 24) while 244 

those practicing only extensive aquaculture drop to a mean of 15.45 ± 16.35 kg ha-1 y-1. 245 

Regarding waterfowl hunting, during the period 2010-2019, about 280’000 huntable waterfowls have been 246 

wintering inside the valli da pesca, where a yearly average of 29.56 ± 36.56 huntable waterfowls per hectare 247 

were hosted. The highest number of waterfowls was consistently recorded during 2010-2019 in the valli da 248 

pesca n. 1, 7, 8, 19, 25, 26, and 27, while in the valli da pesca from n. 10 to n. 15, most exposed to nautical and 249 

tourist traffic, the number of censused waterfowls was lower (Supplementary Materials IV, g). 250 

Regarding the hunting flow, in 2010-2019 the average catch was estimated at 38’404 (±7299) waterfowls per 251 

year, considering the total surface of the valli da pesca. On average, 6.12 ± 4.77 waterbirds ha-1 y-1 have been 252 

caught in the considered period. These catches were homogeneously distributed, with a maximum value of 20 253 

catches ha-1 y-1 in the most confined valli da pesca 3, 4, 5, 6, 26, 27 (Supplementary Materials IV, h). 254 

Although a homogeneous potential for provisioning edible wild plants and honey has been estimated in the 255 

valli area, harvesting occurs almost exclusively in the saltmarshes located in the open part of the lagoon, except 256 

from three valli da pesca – n. 5, 6, 8 – which host beehives (Supplementary Materials IV, j). Harvesting of 257 

Salicornia and other edible herbs has not been reported in the valli da pesca saltmarshes, apart from tiny 258 

quantities in occasional occurrences. 259 

Tourism capacity results in all the areas with a mean attractiveness of 0.49 ± 0.14 (Supplementary Materials 260 

IV, k); nevertheless, very few of them are open for touristic trips, and not even regularly, which restricts the 261 

flow for tourism as well as for other cultural ESs (Supplementary Materials IV, l). The flow of tourists is limited 262 

to few valli da pesca in the Northern lagoon, involving Valle Lio Maggiore (5), Valle Cavallino (8), Valle 263 

Falconera (9), Valle Sacchetta (15), and Santa Cristina (17). 264 

The capacity and flow for the ES information for cognitive development cover an even narrower extent: 265 

only the WWF Oasis Valle Averto (20), Valle Olivara (11), and Valle Liona (12) have a capacity higher than 0.5 266 

(Supplementary Materials IV, m), but it resulted that the 3’154 students per year, who visit the valli da pesca 267 

for educational purposes, take part into guided tours in valli da pesca n. 12, 20, 23, 24 (Supplementary 268 

Materials IV, l). 269 

Finally, the overall attractiveness for birdwatching is evenly distributed (Supplementary Materials IV, o) 270 

but the ES flow is not homogeneous and confirms also for this cultural ES that the Northern part of the lagoon 271 

is the most frequented for such outdoor activities, with 72 active birdwatchers – who spend a mean of 84.41 ± 272 

21.36 hours per year birdwatching – converging in the nearing of the area n. 5, 11, 12 (Supplementary Materials 273 

IV, p).  274 

Table 3 shows how much the total ESs capacity and flow assessed in all the valli da pesca is comparable to 275 

that observed in the open, not privately managed part of the lagoon. The most important contributions from 276 



the valli da pesca to the ESs supply of the open lagoon are noticeable for lifecycle support, aquaculture, 277 

hunting, information for cognitive development, and birdwatching. 278 

 279 

3.4 Aggregated ESs indexes analyses 280 

Figure 2 and figure 3 show the normalized maps for the aggregated indicators of all the ESs capacity and the 281 

flow intensities, respectively. The sum of all the capacities shows that the highest values have been registered 282 

inside the valli da pesca which maximize both aquaculture and hunting (Fig. 2 n. 1, 2, 4, 26, 27).  283 

As regards the sum of all the flows, the highest values have been recorded especially where provisioning 284 

and cultural ESs flows are higher, e.g., Valle Grassabò, Valle Lio Maggiore, and Valle Dragojesolo (Fig. 3 n. 2, 285 

5, 7). 286 

 287 

Figure 2 Spatialized total capacity indicator, as the sum of all the ESs’ capacities 288 

  289 

Ecosystem service % vs. lagoon capacity % vs. lagoon flow 

Climate regulation 12.79 12.79 

Water purification 12.50 12.50 

Lifecycle support 23.93 25.78 

Aquaculture 12.79 31.68 

Hunting 99.8 65.76 

Wild hedible herbs 6.46 0.00 

Honey production 83.48 1.82 

Tourism 27.22 0.01 

Information for cognitive development 25.97 23.88 

Birdwatching 21.57 13.66 

Table 3 Proportion of capacity and flow assessed in the valli da pesca 
compared to each ES capacity and flow in the open lagoon. 

 



 290 

Figure 3 Spatialized total flow indicator, as the sum of all the ESs’ flows 291 

In general, the extension of the area where the sum of all the ESs’ capacity is higher than the sum of all the 292 

ESs’ flow is 71.1 km2; on the contrary, the area where the sum of all the assessed ESs’ flow results greater than 293 

the sum of all the ESs’ capacity is 23.4 km2 (Fig. 4) 294 

 295 

Figure 4 Spatialized capacity – flow difference (C-F). Green = C > F; red = C < F. 296 

 297 

Discussion 298 

The lagoon of Venice is a complex social-ecological system with a historical link between natural habitats and 299 

human activities, which is particularly strong for the valli da pesca. Despite being “artificially maintained”, the 300 

valli da pesca conserves the typical features and the related ecological processes of transitional environments 301 

that the open lagoon has progressively lost, especially due to erosion and relative sea level rise (Day et al. 1998; 302 

Madricardo and Donnici 2014). For these reasons, it would be interesting to analyze the possible role of the 303 

valli da pesca in terms of ESs. 304 

The ESs approach has already proven to be effective in visualizing and assessing the contribution to people 305 

of similar man-managed ecosystems, and in suggesting sustainable management strategies as well (Gaglio et 306 



al. 2019; Aschonitis et al. 2016; Weitzman 2019; Walton et al. 2015). In this study, we proposed for the first 307 

time the assessment of multiple ESs in the valli da pesca of the Venice lagoon to better understand their 308 

possible ecological role within the context of the entire lagoon environment, highlighting a non-negligible 309 

contribution of the valli da pesca to the entire supply of ESs of the Venice lagoon. 310 

With reference to carbon sequestration, for instance, about 12% of the CO2 sequestered every year by the 311 

lagoon is due to saltmarshes and seagrasses located inside the valli da pesca, where these habitats are 312 

preserved by different impacts, erosion, and trampling. Also, the mean water purification through 313 

denitrification is higher inside the boundaries of the valli da pesca than in the outer part of the lagoon. Indeed, 314 

it has been estimated that the open lagoon can remove about 10.08% of nitrogen loadings (Rova et al. 2022), 315 

but no area reaches the maximum values recorded in some lakes located inside the valli da pesca. These 316 

findings are in accordance with those of other studies that have focused on water management for extensive 317 

aquaculture (Walton, Vilas, Coccia, et al. 2015; Gamito 1997). This result, however, should inspire further 318 

research because the denitrification process is influenced by several factors, including the water quality of the 319 

river entering the valli da pesca, and the organic matter loading that can increase in response to eventual 320 

higher densities of fish and waterbirds inside the lakes. Today, extensive aquaculture is prevalent in the valli 321 

da pesca. Therefore, fish feed on the available food they naturally find in the valle da pesca, without the need 322 

to artificially add feed, and the density of fish is such that the brackish lake ecological processes can process 323 

naturally dead organic matter and nutrient loadings, avoiding the risk of eutrophication (Anras et al. 2010; 324 

Costa Pierce 2002). Thus, the denitrification process is worthy of further experimental field studies. New data 325 

and models about this aspect, along with an exploration of the most likely future trends, may prove extremely 326 

useful to better depict this regulating ES not only at the local scale but also for other similar Heavily Modified 327 

Water Bodies, such as in the Po River Delta, in the Marano lagoon or in other areas along the Adriatic coasts.  328 

The most confined parts of the lagoon were identified centuries ago as the most suitable places for fish 329 

farming and hunting purposes, as confirmed more recently for fish (Cavraro et al. 2017; Brigolin et al. 2014) 330 

and waterfowl (Arzel et al., 2006; Scarton and Bon, 2009; Guillemain et al., 2013). Within this context, the ES 331 

lifecycle support provided by the valli da pesca turned out to be quite significant compared to the open lagoon, 332 

confirming the important ecological role still played by these areas despite the presence of levees and 333 

embankments. However, the naturally recruited fish is not sufficient for meeting the valli requirements, to the 334 

point that today the aquaculture ES in the valli da pesca of the Venice lagoon depends on personal, social, and 335 

economic factors, which lead the owner to decide whether and how much fish to sow. As a consequence, the 336 

practice of fishing wild fry in the lagoon and then sowing them inside the valli da pesca is the only method that 337 

grants the fraction of the biomass actually hosted by each area. From such a point of view, this tradition, 338 

besides enhancing the aquaculture productivity, could be seen as a good practice, capable to maintain in the 339 

long run the presence of some species. On one hand, fry fishery is strictly regulated and controlled, being 340 

entrusted to only a very few licensed operators who annually update the quota that can be caught in order not 341 

to affect lagoon fish population dynamics (Fortibuoni et al. 2014; Granzotto et al. 2001).  342 

On the other hand, while the fish migration and the recruitment processes taking place outside in the lagoon 343 

plays a fundamental role for sustaining fish lifecycle (Lanzoni et al. 2021; Scapin et al. 2022; Cavraro et al. 344 

2017) and the aquaculture ES in the valli da pesca, we could in turn affirm that the aquaculture ES in the valli 345 

da pesca could positively affect the regulating ES of lifecycle support in the entire lagoon. As happens for 346 

waterbirds, indeed, the persistency of suitable habitats in the valli da pesca depends on human maintenance, 347 

which in turn depend on economic resources that come from the provisioning ESs incomes. This generates 348 



positive feedback that rises considerations about how a provisioning ES can support also other ESs belonging 349 

to a different category, in agreement with the findings of other authors (Liquete et al. 2016; Grizzetti et al. 350 

2019) 351 

The extensive aquaculture practiced today in the valli da pesca, moreover, can be considered quite sustainable, 352 

considering also that the production value of 60 kg ha-1 y-1  falls in the range of 45 - 110 kg ha-1 y-1   reported by 353 

(Koutrakis et al. 2007) for extensive aquaculture in Mediterranean lagoon, but is quite lower than 150 kg ha-1 354 

y-1   expected for a desirable production in a typical Italian valle da pesca, according to Ravagnan (1982) and 355 

Shang (1982). 356 

Since the aquaculture ES in the valli da pesca is getting less worthwhile in the last decade, as shown by the 357 

data, other activities have started to play a key role. Among them, the most important is waterfowls hunting, 358 

which also depends both on natural and anthropogenic factors. To say to what extent the great capacity of bird 359 

attraction is granted by the valli da pesca environment itself, or whether it is due to management choices, is 360 

difficult. To attract waterfowl and increase hunting opportunities, indeed, the managers do regulate water 361 

regimes, construct mild sloping islands, take care of windbreak hedges made of reeds and tamarisks, and often 362 

spread millet or grains. 363 

The management which aims to maximize hunting ES is possibly influencing the capacity and the flow of 364 

this ES not only inside, but also outside the boundaries of the valli da pesca. Our assessments found that most 365 

huntable waterfowl censused in the lagoon are reaching for the valli da pesca during their migration, where 366 

they rest, feed, and breed as well (at least some species). Such evidence is in accordance with other authors, 367 

who reported about the high importance of the valli da pesca for waterbird populations, whereas the lagoon is 368 

losing suitable habitats (Scarton 2017; AFV 2020). Also, the waterfowls hunting flow in the lagoon results 369 

strongly related, for timing and catches as well, to the flow happening inside the valli.  As a comparison, the 370 

hunting flow in the lagoon is estimated to be in the range from 12’635 to 12’770 catches per year and takes 371 

place just in proximity of the allowed hunting blinds, where the catches have a mean of 4.44 ± 1.56 per hectare 372 

per year. Even if the distribution of this flow is homogeneous in the whole lagoon, the highest values have been 373 

detected in the blinds between contiguous valli da pesca, in the North-Eastern as well as in the Southern part 374 

of the lagoon. Indeed, waterfowl hosted inside the valli da pesca, while moving across different valli da pesca 375 

or from a valle da pesca to another place just outside, represent the “stock” which not only the valli da pesca 376 

hunters, but also the “open lagoon” hunters rely on. 377 

Another example of driving relationships between different ESs is the substantial contributions of the valli da 378 

pesca to the ESs that depend on the consistency of the birds’ presence. For example, the management which 379 

aims to attract the highest possible number of huntable waterfowls is possibly also dragging the attractiveness 380 

for cultural ESs, especially for birdwatching. Accordingly, many aquatic birds are attracted into the valli da 381 

pesca managed environment and this also can increase the overall capacity, as bird movements between the 382 

valli da pesca and the open lagoon create a positive side-effect in increasing attractiveness to birdwatchers, 383 

tourists, and hikers even outside the valli da pesca boundaries. 384 

However, despite the high overall capacity for all cultural ESs in the valli da pesca, the flow is strongly shaped 385 

by accessibility and inclusiveness, ending up with flow occurring just on a few areas. Anyway, this restricted 386 

flow should not be read as totally negative: the valli da pesca are seen as extremely attractive especially for the 387 

preservation of lagoon landscapes and fauna in a quiet and uncrowded space. This consideration should make 388 

one think carefully about whether, how, and how often the valli da pesca could be open for touristic and 389 

educational visits. Similar considerations have been aroused also on different environments by other authors 390 



(Villamagna et al., 2015; Drescher et al., 2017; Drescher and Brenner, 2018), who proposed to give more 391 

support to private natural areas for enhancing conservation and educational purposes, provided that 392 

excursionists’ entrances must be controlled. 393 

Management initiatives that also take these perspectives into account should seek to harmonize with the 394 

current situation of the valli da pesca, seen that, to date, the difference between capacity and flow aggregated 395 

indexes shows that the majority of the valli da pesca display a total capacity higher than the total flow (as it 396 

can be seen in figs. 2, 3, 4). Just a few zones with the highest flows of mediated ESs (sensu Rova and Pranovi 397 

2017) stand out amongst other areas: in fact, some valli da pesca where hunting ES’ flow is on average more 398 

important than the aquaculture production display an aggregated flow index slightly higher than the ESs’ 399 

capacity. This may be because waterfowls hunting relies on a moving resource so that the catches in one valle 400 

da pesca can affect the waterfowls which have been censused in another valle and, consequently, represent the 401 

capacity assessed on a different place, but not strictly linked to it. 402 

The analysis of the contribution of the valli da pesca sub-system to the whole transitional ecosystem confirms 403 

that the valli da pesca are highly significant to the whole Venice lagoon. The comparison of the ESs’ aggregated 404 

index between the open part of the lagoon and the valli areas brings out that the valli da pesca, despite covering 405 

just 17% of the total lagoon, play an important role in terms of ESs contributions: 38% of the capacity and 24% 406 

of the flow in comparison to the open lagoon capacity and flow, respectively. 407 

This non-negligible contribution to ESs, habitats, and landscape features conservation, makes the valli da 408 

pesca a good example of effective ecosystem-based management of Heavily Modified Water Bodies, capable to 409 

represent a good example to set up a sustainable management for similar productive areas in the 410 

Mediterranean. 411 

Like little lagoons that are artificially managed, the valli da pesca are regulated by a private regime that, on 412 

one hand, denies the access and minimizes cultural ESs flow, but on the other hand, conserves the landscape, 413 

the ecological processes and the ESs provided by them, to the point that the open lagoon receives the benefits 414 

of a spill-over effect especially for lifecycles support, aquaculture, hunting, and birdwatching ESs. For these 415 

ESs, the valli da pesca provide in fact ESs that give benefits to a wider community, spread into a larger spatial 416 

scale than that the ES are generated at. In addition, the valli da pesca act as a buffer area between the land and 417 

the open lagoon, in particular for climate regulation and water purification, as the results about carbon 418 

sequestration and nitrogen removal show. 419 

The role of valli da pesca as buffers and as conservation opportunities leads also to consider how important 420 

it might be to restore a buffer strip between the land and the lagoon, which has been lost in some areas. As the 421 

valli da pesca prove to be effective in maintaining saltmarshes, reed meadows and ecological gradients, 422 

similarly it might be useful to consider ecological restoration efforts in areas that are most affected by the 423 

transfiguration of the original lagoon landscape (Feola et al., 2022). 424 

Since the connection between lagoon and valli da pesca persists, albeit in different ways and intensities 425 

depending on the processes being considered, we must take into account the possible evolution of such 426 

interconnected systems as a whole. The lagoon, indeed, is now subjected to manifold pressures from anthropic 427 

activities (Fortibuoni et al. 2015; Zucchetta et al. 2021; Anelli Monti et al. 2021; Solidoro et al. 2010) that are 428 

likely going to increase (Jennerjahn and Mitchell 2013). The adaptations to such impacts, as well as to climate 429 

change and sea-level rise effects, in the long run might modify the lagoon hydrodynamics and the sea-lagoon 430 

connectivity, threatening the valli da pesca and so their ESs supply (Solidoro et al. 2010; Cristiano and Gonella 431 

2020). 432 



Eventually, we suggest that decisions about the MOSE barrier functioning must be well pondered in order 433 

not to put the valli da pesca at risk of being endangered. Considering that the valli da pesca are definitely 434 

continuing to exchange energy and matter with the lagoon, such equilibria can be at risk in the context of a 435 

“regulated lagoon”, where the MOSE system (with its mobile barriers at the inlet) controls the marine water 436 

flow to mitigating the effect of climate change and sea-level rise on cultural heritage, but could conversely 437 

threat the daily exchange of water in the most confined part of the lagoon, and the valli waterfronts as a 438 

consequence. 439 

Indeed, it is very important to preserve the cultural heritage of the historic center of Venice and the islands so 440 

as not to lose cultural ESs and economic activities flowing from them. Nevertheless, we are facing the 441 

possibility that the lagoon will remain closed for longer periods of time. According to Umgiesser (2020)  and 442 

Lionello et al. (2021), the period of closure of the mobile barriers is very likely to grow up to 3 weeks per year 443 

by the end of 2050, and up to 2 months per year by 2080. This would mean affecting the sea-lagoon 444 

connectivity, the lagoon hydrodynamics, and landscape evolution patterns, as several studies have already 445 

argued (Ghezzo et al. 2010; 2011; Pérez-Ruzafa et al. 2019). Such a perspective could put the valli da pesca at 446 

risk, firstly because a lower connectivity with the sea can affect the fish fry availability for the aquaculture ES 447 

even more than today, and because a lower frequency of exchanges through the inlets is expected to worsen 448 

the water quality, nutrient concentration (Solidoro et al. 2005), and microcirculation (Ghezzo et al. 2010) 449 

involved in the processes on which the regulating ESs are based. 450 

In light of our results, it must be carefully considered that losing the valli da pesca might represent an issue 451 

for the entire community because of their contribution to conserving habitats and providing regulating, 452 

provisioning and cultural ESs. This trade-off perspective takes great importance, especially in the light of future 453 

scenarios including climate change, subsidence, and management of health problems, which claim a 454 

responsible attendance of the lagoon. 455 

Conclusions 456 

This work has shown, by using quantitative indicators, the spatial distribution of ESs capacity and flow that 457 

take place within the managed valli da pesca of the lagoon of Venice. The multiple ESs approach enhanced the 458 

areas where capacity and flow have the highest values but has also revealed that, due to different accessibility 459 

and availability of some places, the capacity is not always and everywhere fully granted to translate itself in a 460 

flow towards the local population. The comparison between different areas of the same wide ecosystem 461 

highlights that, although the capacity of the provided ESs tends to be overall high, the relative flows are 462 

influenced by a multiplicity of factors, both social and behavioral. 463 

In this context, confirmation of the usefulness of assessing the value of ESs in ecosystem management is 464 

given (Costanza 2006), especially when a trade-off must be accomplished between the moral duty to preserve 465 

and emphasize regulation and support services, and the need to build on the economic revenues that come 466 

from provisioning ESs. This dynamical network stimulates to continue the research with a modeling approach, 467 

which could consider behavioral, social, and economic factors that act as fulcrums for decision-making. 468 

Increasing the knowledge about the valli da pesca and other similar socio-ecological systems can help to 469 

enlighten not only the relationships between ESs, landscape, and management choices, but also to rethink the 470 

interaction between the environment, the society, and the institutions involved in the Venice lagoon ecosystem. 471 



The assessment of ESs, such as lifecycle support, hunting, and birdwatching, showed that the open side of 472 

the lagoon is often strictly related to the management of the most confined areas, corroborating the hypothesis 473 

that the valli da pesca play an important role in defining the ESs pattern of the whole lagoon of Venice. Indeed, 474 

the valli da pesca represent a buffer between the aquatic ecosystem of the lagoon and its land boundaries, 475 

mitigating anthropogenic pressures; in addition, their provisioning and cultural ESs also show a series of 476 

positive side-effects in the open lagoon. 477 

Thus, it is of great importance to take them into account to have a full comprehension of the Venice lagoon 478 

ecosystem, especially when investigating the effects under different health, social and economic scenarios, as 479 

well as when facing climate change and sea-level rise. 480 

Acknowledgments 481 

This scientific work has been developed in the context of the “Venezia 2021” project, with the contribution of 482 

the Provveditorato Interregionale Opere Pubbliche per il Veneto, Trentino Alto Adige e Friuli Venezia Giulia 483 

through the Consorzio Venezia Nuova and coordinated by CORILA. 484 

We acknowledge the owners and the operators of the valli da pesca for providing data and explanations, as 485 

well as the Regione Veneto, the Associazione Faunisti Veneti, the EPS, and the local hunting associations. 486 

We thank the European Space Agency for granting the VHR satellite imageries for this research work. 487 

We thank Marco Anelli Monti for providing the food web model data, and Matteo Zucchetta and Alberto Caccin 488 

for their helpful suggestions. 489 

We are grateful to the reviewers for their kind comments, which helped to improve the manuscript. 490 



References 491 

AFV, Associazione Faunisti Veneti. 2020. ‘CENSIMENTO DEGLI UCCELLI ACQUATICI SVERNANTI IN 492 

PROVINCIA DI VENEZIA’. 493 

Anelli Monti, M., D. Brigolin, P. Franzoi, S. Libralato, R. Pastres, C. Solidoro, M. Zucchetta, and F. Pranovi. 2021a. 494 

‘Ecosystem Functioning and Ecological Status in the Venice Lagoon, Which Relationships?’ Ecological Indicators 495 

133 (December): 108461. https://doi.org/10.1016/j.ecolind.2021.108461. 496 

Anras, L., Clara Boglione, Stefano Cataudella, M. T. Dinis, Pavlos Makridis, Giovanna Marino, Ana Ramalho Ribeiro, 497 

and Manuel Yúfera. 2010. ‘The Current Status of Extensive and Semi-Intensive Aquaculture Practices in Southern 498 

Europe’. Aquaculture Europe 35 (2): 12–16. https://digital.csic.es/handle/10261/50633. 499 

Arzel, Celine, J. Elmberg, and M. Guillemain. 2006. ‘Ecology of Spring-Migrating Anatidae: A Review’. Journal of 500 

Ornithology. Springer. https://doi.org/10.1007/s10336-006-0054-8. 501 

Aschonitis, Vassilis G., Mattias Gaglio, Elisa A. Fano, Elena Gissi, Giuseppe Castaldelli, Vassilis G. Aschonitis, Elena 502 

Gissi, Giuseppe Castaldelli, and Elisa A. Fano. 2016. ‘Land Use Change Effects on Ecosystem Services of River 503 

Deltas and Coastal Wetlands: Case Study in Volano–Mesola–Goro in Po River Delta (Italy)’. Wetlands Ecology 504 

and Management. https://doi.org/10.1007/s11273-016-9503-1. 505 

Baró, Francesc, Ignacio Palomo, Grazia Zulian, Pilar Vizcaino, Dagmar Haase, and Erik Gómez-Baggethun. 2016. 506 

‘Mapping Ecosystem Service Capacity, Flow and Demand for Landscape and Urban Planning: A Case Study in the 507 

Barcelona Metropolitan Region’. Land Use Policy 57 (November): 405–17. 508 

https://doi.org/10.1016/j.landusepol.2016.06.006. 509 

Bettiol, Cinzia, Flaviano Collavini, Stefano Guerzoni, Emanuela Molinaroli, Paolo Rossini, Luca Zaggia, and Roberto 510 

Zonta. 2005. ‘Atmospheric and Riverine Inputs of Metals, Nutrients and Persistent Organic Pollutants into the 511 

Lagoon of Venice’. Hydrobiologia 2005 550:1 550 (1): 151–65. https://doi.org/10.1007/S10750-005-4372-2. 512 

Brigolin, Daniele, Chiara Facca, Anita Franco, Piero Franzoi, Roberto Pastres, Adriano Sfriso, Marco Sigovini, et al. 513 

2014. ‘Linking Food Web Functioning and Habitat Diversity for an Ecosystem Based Management: A 514 

Mediterranean Lagoon Case-Study’. Marine Environmental Research 97: 58–66. 515 

https://doi.org/10.1016/j.marenvres.2014.02.006. 516 

Burkhard, Benjamin, and Joachim Maes. 2017. ‘Mapping Ecosystem Services’. Advanced Books 1 (March): e12837. 517 

https://doi.org/10.3897/AB.E12837. 518 

Cavraro, Francesco, Matteo Zucchetta, Stefano Malavasi, and Piero Franzoi. 2017. ‘Small Creeks in a Big Lagoon: The 519 

Importance of Marginal Habitats for Fish Populations’. Ecological Engineering 99 (February): 228–37. 520 

https://doi.org/10.1016/j.ecoleng.2016.11.045. 521 

Chen, Tianqi, and Carlos Guestrin. 2016. ‘XGBoost’. In Proceedings of the 22nd ACM SIGKDD International 522 

Conference on Knowledge Discovery and Data Mining, 13-17-Augu:785–94. New York, NY, USA: ACM. 523 

https://doi.org/10.1145/2939672.2939785. 524 

Costa Pierce, Barry A. 2002. ‘Ecological Aquaculture’. Ecological Aquaculture, April. 525 

https://doi.org/10.1002/9780470995051. 526 

Costanza, Robert. 2006. ‘Nature: Ecosystems without Commodifying Them’. Nature 2006 443:7113 443 (7113): 749–527 

749. https://doi.org/10.1038/443749b. 528 

Costanza, Robert, Ralph D’Arge, Rudolf de Groot, Stephen Farber, Monica Grasso, Bruce Hannon, Karin Limburg, et al. 529 

1997. ‘The Value of the World’s Ecosystem Services and Natural Capital’. Nature 387 (6630): 253–60. 530 

https://doi.org/10.1038/387253a0. 531 

Cristiano, Silvio, and Francesco Gonella. 2020. ‘“Kill Venice”: A Systems Thinking Conceptualisation of Urban Life, 532 

Economy, and Resilience in Tourist Cities’. Humanities and Social Sciences Communications 2020 7:1 7 (1): 1–533 

13. https://doi.org/10.1057/s41599-020-00640-6. 534 

D’alpaos, Chiara, and Andrea D’alpaos. 2021. ‘The Valuation of Ecosystem Services in the Venice Lagoon: A 535 

Multicriteria Approach’. Sustainability 2021, Vol. 13, Page 9485 13 (17): 9485. 536 

https://doi.org/10.3390/SU13179485. 537 



Day, J. W., A. Rismondo, F. Scarton, D. Are, and G. Cecconi. 1998. ‘Relative Sea Level Rise and Venice Lagoon 538 

Wetlands’. Journal of Coastal Conservation 4 (1): 27–34. https://doi.org/10.1007/BF02806486. 539 

European Commission. 2000. ‘Directive 2000/60/EC of the European Parliament and of the Council of 23 October 2000 540 

Establishing a Framework for Community Action in the Field of Water Policy’. Official Journal of the European 541 

Communities L327. 542 

Fantinato, Edy, and Gabriella Buffa. 2019. ‘Animal-Mediated Interactions for Pollination in Saltmarsh Communities’. 543 

Plant Sociology 56 (2): 35–42. https://doi.org/10.7338/pls2019562/02. 544 

Feola, Alessandra, Emanuele Ponis, Michele Cornello, Rossella Boscolo Brusà, Federica Cacciatore, Federica Oselladore, 545 

Bruno Matticchio, et al. 2022. ‘An Integrated Approach for Evaluating the Restoration of the Salinity Gradient in 546 

Transitional Waters: Monitoring and Numerical Modeling in the Life Lagoon Refresh Case Study’. Environments 547 

2022, Vol. 9, Page 31 9 (3): 31. https://doi.org/10.3390/ENVIRONMENTS9030031. 548 

Fortibuoni, T., R. Gertwagen, O. Giovanardi, and S. Raicevich. 2014. ‘The Progressive Deregulation of Fishery 549 

Management in the Venetian Lagoon after the Fall of the Repubblica Serenissima: Food for Thought on 550 

Sustainability’. Global Bioethics 25 (1): 42–55. https://doi.org/10.1080/11287462.2014.894707. 551 

Fortibuoni, Tomaso, Federica Aldighieri, Otello Giovanardi, Fabio Pranovi, and Matteo Zucchetta. 2015. ‘Climate Impact 552 

on Italian Fisheries (Mediterranean Sea)’. Regional Environmental Change 15 (5): 931–37. 553 

Gaglio, Mattias, Mattia Lanzoni, Giovanni Nobili, Diego Viviani, Giuseppe Castaldelli, and Elisa Anna Fano. 2019. 554 

‘Ecosystem Services Approach for Sustainable Governance in a Brackish Water Lagoon Used for Aquaculture’. 555 

Journal of Environmental Planning and Management 62 (9): 1501–24. 556 

https://doi.org/10.1080/09640568.2019.1581602. 557 

Gamito, S. 1997. ‘Sustainable Management of a Coastal Lagoonal System (Ria Formosa, Portugal): An Ecological Model 558 

for Extensive Aquaculture’. International Journal of Salt Lake Research 1997 6:2 6 (2): 145–73. 559 

https://doi.org/10.1007/BF02441891. 560 

Ghezzo, Michol, Stefano Guerzoni, Andrea Cucco, and Georg Umgiesser. 2010. ‘Changes in Venice Lagoon Dynamics 561 

Due to Construction of Mobile Barriers’. Coastal Engineering 57 (7): 694–708. 562 

https://doi.org/10.1016/J.COASTALENG.2010.02.009. 563 

Ghezzo, Michol, Alessandro Sarretta, Marco Sigovini, Stefano Guerzoni, Davide Tagliapietra, and Georg Umgiesser. 564 

2011. ‘Modeling the Inter-Annual Variability of Salinity in the Lagoon of Venice in Relation to the Water 565 

Framework Directive Typologies’. Ocean and Coastal Management 54 (9): 706–19. 566 

https://doi.org/10.1016/j.ocecoaman.2011.06.007. 567 

Granzotto, A, P Franzoi, A Longo, and F Pranovi P Torricelli. 2001. ‘La Pesca Nella Laguna Di Venezia : Un Percorso 568 

Di Sostenibilità Nel Recupero Delle Tradizioni Lo Stato Dell ’ Arte’. 569 

Grizzetti, B., C. Liquete, A. Pistocchi, O. Vigiak, G. Zulian, F. Bouraoui, A. de Roo, and A. C. Cardoso. 2019. 570 

‘Relationship between Ecological Condition and Ecosystem Services in European Rivers, Lakes and Coastal 571 

Waters’. Science of the Total Environment 671 (June): 452–65. 572 

https://doi.org/10.1016/J.SCITOTENV.2019.03.155. 573 

Guillemain, Matthieu, Hannu Pöysä, Anthony D. Fox, Céline Arzel, Lisa Dessborn, Johan Ekroos, Gunnar Gunnarsson, 574 

et al. 2013. ‘Effects of Climate Change on European Ducks: What Do We Know and What Do We Need to Know?’ 575 

Wildlife Biology 19 (4): 404–19. https://doi.org/10.2981/12-118. 576 

Hatziiordanou, Lena, Eleni Fitoka, Elena Hadjicharalampous, Nefta Eleftheria Votsi, Dimitris Palaskas, and Dania Abdul 577 

Malak. 2019. ‘Indicators for Mapping and Assessment of Ecosystem Condition and of the Ecosystem Service 578 

Habitat Maintenance in Support of the EU Biodiversity Strategy to 2020’. One Ecosystem 4. 579 

https://doi.org/10.3897/oneeco.4.e32704. 580 

Havera, S. P., Lonie R. Boens, M. M. Georgi, and R. Shealy. 1992. ‘HUMAN DISTURBANCE OF WATERFOWL ON 581 

KEOKUK POOL’. Undefined. 582 

Hein, Lars, Kris van Koppen, Rudolf S. de Groot, and Ekko C. van Ierland. 2006a. ‘Spatial Scales, Stakeholders and the 583 

Valuation of Ecosystem Services’. Ecological Economics 57 (2): 209–28. 584 

https://doi.org/10.1016/J.ECOLECON.2005.04.005. 585 



Jennerjahn, Tim C., and Steve B. Mitchell. 2013. ‘Pressures, Stresses, Shocks and Trends in Estuarine Ecosystems – An 586 

Introduction and Synthesis’. Estuarine, Coastal and Shelf Science 130 (September): 1–8. 587 

https://doi.org/10.1016/J.ECSS.2013.07.008. 588 

Korschgen, C., L. George, and W. L. Green. 1985. ‘Disturbance of Diving Ducks by Boaters on a Migrational Staging 589 

Area’. Undefined. 590 

Koutrakis, E.T., A. Conides, A.C. Parpoura, E.H. van Ham, G. Katselis, and & C. Koutsikopoulos. 2007. ‘Lagoon 591 

Fisheries Resources in Hellas Alexis Conides Hellenic Centre for Marine Research’. 592 

Lanzoni, Mattia, Mattias Gaglio, Anna Gavioli, Elisa Anna Fano, and Giuseppe Castaldelli. 2021. ‘Seasonal Variation of 593 

Functional Traits in the Fish Community in a Brackish Lagoon of the Po River Delta (Northern Italy)’. 594 

https://doi.org/10.3390/w13050679. 595 

Lionello, Piero, Robert J. Nicholls, Georg Umgiesser, and Davide Zanchettin. 2021. ‘Venice Flooding and Sea Level: 596 

Past Evolution, Present Issues, and Future Projections (Introduction to the Special Issue)’. Natural Hazards and 597 

Earth System Sciences 21 (8): 2633–41. https://doi.org/10.5194/NHESS-21-2633-2021. 598 

Liquete, Camino, Núria Cid, Denis Lanzanova, Bruna Grizzetti, and Arnaud Reynaud. 2016. ‘Perspectives on the Link 599 

between Ecosystem Services and Biodiversity: The Assessment of the Nursery Function’. Ecological Indicators 63 600 

(April): 249–57. https://doi.org/10.1016/j.ecolind.2015.11.058. 601 

Liu, Jianguo, Thomas Dietz, Stephen R. Carpenter, Marina Alberti, Carl Folke, Emilio Moran, Alice N. Pell, et al. 2007. 602 

‘Complexity of Coupled Human and Natural Systems’. Science. American Association for the Advancement of 603 

Science. https://doi.org/10.1126/science.1144004. 604 

Madricardo, Fantina, and S. Donnici. 2014. ‘Mapping Past and Recent Landscape Modifications in the Lagoon of Venice 605 

through Geophysical Surveys and Historical Maps’. Anthropocene 6 (June): 86–96. 606 

https://doi.org/10.1016/J.ANCENE.2014.11.001. 607 

MEA. 2005. ‘MILLENNIUM ECOSYSTEM ASSESSMENT (PROGRAM). (2005). Ecosystems and Human Well-608 

Being.’ Washington, D.C. 609 

Newton, Alice, Ana C. Brito, John D. Icely, Valérie Derolez, Inês Clara, Stewart Angus, Gerald Schernewski, et al. 2018. 610 

‘Assessing, Quantifying and Valuing the Ecosystem Services of Coastal Lagoons’. Journal for Nature 611 

Conservation, 1 July 2018. https://doi.org/10.1016/j.jnc.2018.02.009. 612 

Notte, Alessandra la, Margherita Turvani, and Sergio Giaccaria. 2017. ‘Economic Valuation of Ecosystem Services at 613 

Local Level for Policy Makers and Planners. The Case of the Island of St. Erasmo in the Lagoon of Venice’. 614 

Environmental Economics 2 (3). https://www.businessperspectives.org/index.php/journals/environmental-615 

economics/issue-212/economic-valuation-of-ecosystem-services-at-local-level-for-policy-makers-and-planners-616 

the-case-of-the-island-of-st-erasmo-in-the-lagoon-of-venice. 617 

Pérez-Ruzafa, Angel, Francesca de Pascalis, Michol Ghezzo, Jhoni Ismael Quispe-Becerra, Raquel Hernández-García, 618 

Irene Muñoz, Carlos Vergara, Isabel María Pérez-Ruzafa, Georg Umgiesser, and Concepción Marcos. 2019. 619 

‘Connectivity between Coastal Lagoons and Sea: Asymmetrical Effects on Assemblages’ and Populations’ 620 

Structure’. Estuarine, Coastal and Shelf Science 216 (January): 171–86. 621 

https://doi.org/10.1016/J.ECSS.2018.02.031. 622 

QGIS Association: QGIS Geographic Information System. 2022. ‘QGIS’. 2022. http://www.qgis.org. 623 

R Core team. 2022. ‘R: A Language and Environment for Statistical Computing. R Foundation for Statistical Computing, 624 

Vienna, Austria.’ 2022. https://www.r-project.org/. 625 

Ravagnan, Gino. 1982. ‘Vallicoltura Moderna. Proposte Operative per La Ristrutturazione e Lo Sviluppo Della Itticoltura 626 

Salmastra Italiana’. Edagricole. 1982. https://www.libreriauniversitaria.it/vallicoltura-moderna-proposte-627 

operative-ristrutturazione/libro/9788820617769. 628 

Roner, M., A. D’Alpaos, M. Ghinassi, M. Marani, S. Silvestri, E. Franceschinis, and N. Realdon. 2015. ‘Spatial Variation 629 

of Salt-Marsh Organic and Inorganic Deposition and Organic Carbon Accumulation: Inferences from the Venice 630 

Lagoon, Italy’. Advances in Water Resources 000: 1–12. https://doi.org/10.1016/j.advwatres.2015.11.011. 631 

Rova, Silvia, Felix Müller, Patrick Meire, and Fabio Pranovi. 2019. ‘Sustainability Perspectives and Spatial Patterns of 632 

Multiple Ecosystem Services in the Venice Lagoon: Possible Roles in the Implementation of the EU Water 633 

Framework Directive’. Ecological Indicators 98 (March): 556–67. https://doi.org/10.1016/j.ecolind.2018.11.045. 634 



Rova, Silvia, and Fabio Pranovi. 2017. ‘Analysis and Management of Multiple Ecosystem Services within a Social-635 

Ecological Context’. Ecological Indicators 72: 436–43. https://doi.org/10.1016/j.ecolind.2016.07.050. 636 

Rova, Silvia, Fabio Pranovi, and Felix Müller. 2015. ‘Provision of Ecosystem Services in the Lagoon of Venice (Italy): 637 

An Initial Spatial Assessment’. Ecohydrology and Hydrobiology 15 (1): 13–25. 638 

https://doi.org/10.1016/j.ecohyd.2014.12.001. 639 

Rova, Silvia, Alice Stocco, and Fabio Pranovi. 2022. ‘Ecosystem Services’ Capacity and Flow in the Venice Lagoon and 640 

the Relationship with Ecological Status’. One Ecosystem 7 (September): e79715-. 641 

https://doi.org/10.3897/oneeco.7.e79715. 642 

RStudio Team. n.d. ‘RStudio’. 643 

Salvetti, Roberta, Marco Acutis, Arianna Azzellino, Marta Carpani, Carlo Giupponi, Paolo Parati, Manfredi Vale, and 644 

Renato Vismara. 2008. ‘Modelling the Point and Non-Point Nitrogen Loads to the Venice Lagoon (Italy): The 645 

Application of Water Quality Models to the Dese-Zero Basin’. Desalination 226 (1–3): 81–88. 646 

https://doi.org/10.1016/J.DESAL.2007.01.236. 647 

Scapin, Luca, Matteo Zucchetta, Fabio Pranovi, and Piero Franzoi. 2022. ‘Influence of Seascape on Coastal Lagoon 648 

Fisheries: The Role of Habitat Mosaic in the Venice Lagoon’. Estuaries and Coasts 45 (3): 793–811. 649 

https://doi.org/10.1007/S12237-021-00986-3/TABLES/3. 650 

Scarton, Francesco. 2017. ‘Long-Term Trend of the Waterbird Community Breeding in a Heavily Man-Modified Coastal 651 

Lagoon: The Case of the Important Bird Area “Lagoon of Venice”’. Journal of Coastal Conservation 21 (1): 35–652 

45. https://doi.org/10.1007/S11852-016-0470-8/FIGURES/5. 653 

Scarton, Francesco, and Mauro Bon. 2009. ‘Gli Uccelli Acquatici Svernanti Nella Laguna Di Venezia Nel Periodo 1993-654 

2007: Analisi Delle Dinamiche Temporali e Spaziali’. Avocetta. 655 

Schröter, Matthias, David N. Barton, Roy P. Remme, and Lars Hein. 2014. ‘Accounting for Capacity and Flow of 656 

Ecosystem Services: A Conceptual Model and a Case Study for Telemark, Norway’. Ecological Indicators 36: 539–657 

51. https://doi.org/10.1016/j.ecolind.2013.09.018. 658 

Seitzinger, S., J.A. Harrison, A.F. Bohlke, A.F. Bouwman, R. Lowrance, B. Peterson, C. Tobias, and G. van Drecht. 2006. 659 

‘Denitrification Across Landscapes and Waterscapes : A Synthesis’. Ecological Applications 16 (6): 2064–90. 660 

https://doi.org/10.1890/1051-0761(2006)016[2064:DALAWA]2.0.CO;2. 661 

Sfriso, Adriano, and Chiara Facca. 2007a. ‘Distribution and Production of Macrophytes and Phytoplankton in the Lagoon 662 

of Venice: Comparison of Actual and Past Situation’. Hydrobiologia. https://doi.org/10.1007/s10750-006-0418-3. 663 

Sfriso, Adriano, Chiara Facca, and Sonia Ceoldo. 2004. ‘Growth and Production of Cymodocea Nodosa (Ucria) 664 

Ascherson in the Venice Lagoon’. Scientific Research and Safeguarding of Venice 96: 229–36. 665 

Sfriso, Adriano, and Pier Francesco Ghetti. 1998a. ‘Seasonal Variation in Biomass, Morphometric Parameters and 666 

Production of Seagrasses in the Lagoon of Venice’. Aquatic Botany. https://doi.org/10.1016/S0304-3770(98)00064-667 

3. 668 

Sfriso, Adriano, and Antonio Marcomini. 1999. ‘Macrophyte Production in a Shallow Coastal Lagoon. Part II: Coupling 669 

with Sediment, SPM and Tissue Carbon, Nitrogen and Phosphorus Concentrations’. Marine Environmental 670 

Research. https://doi.org/10.1016/S0141-1136(98)00122-6. 671 

Shang, Yung Cheng. 1982. Aquaculture Economics: Basic Concepts and Methods of Analysis. Journal of the Marine 672 

Biological Association of the United Kingdom. Vol. 62. Cambridge University Press. 673 

https://doi.org/10.1017/S0025315400057519. 674 

Solidoro, Cosimo, Vinko Bandelj, Fabrizio Aubry Bernardi, Elisa Camatti, Stefano Ciavatta, Gianpiero Cossarini, Chiara 675 

Facca, et al. 2010. ‘Response of the Venice Lagoon Ecosystem to Natural and Anthropogenic Pressures over the 676 

Last 50 Years’. Coastal Lagoons: Critical Habitats of Environmental Change, no. January: 483–511. 677 

https://doi.org/10.1201/EBK1420088304. 678 

Solidoro, Cosimo, Roberto Pastres, and Gianpiero Cossarini. 2005. ‘Nitrogen and Plankton Dynamics in the Lagoon of 679 

Venice’. Ecological Modelling 184 (1): 103–23. https://doi.org/10.1016/j.ecolmodel.2004.11.009. 680 

Umgiesser, Georg. 2020. ‘The Impact of Operating the Mobile Barriers in Venice (MOSE) under Climate Change’. 681 

Journal for Nature Conservation 54 (April). https://doi.org/10.1016/j.jnc.2019.125783. 682 



Umgiesser, Georg, Donata Melaku Canu, Andrea Cucco, and Cosimo Solidoro. 2004. ‘A Finite Element Model for the 683 

Venice Lagoon. Development, Set up, Calibration and Validation’. Journal of Marine Systems 51 (1-4 SPEC. ISS.): 684 

123–45. https://doi.org/10.1016/j.jmarsys.2004.05.009. 685 

Villamagna, Amy M., Paul L. Angermeier, and Elena M. Bennett. 2013. ‘Capacity, Pressure, Demand, and Flow: A 686 

Conceptual Framework for Analyzing Ecosystem Service Provision and Delivery’. Ecological Complexity 15: 114–687 

21. https://doi.org/10.1016/j.ecocom.2013.07.004. 688 

Walton, M. E.M., C. Vilas, J. P. Cañavate, E. Gonzalez-Ortegon, A. Prieto, S. A. van Bergeijk, A. J. Green, M. Librero, 689 

N. Mazuelos, and L. le Vay. 2015. ‘A Model for the Future: Ecosystem Services Provided by the Aquaculture 690 

Activities of Veta La Palma, Southern Spain’. Aquaculture 448 (November): 382–90. 691 

https://doi.org/10.1016/j.aquaculture.2015.06.017. 692 

Walton, M. E.M., C. Vilas, C. Coccia, A. J. Green, J. P. Cañavate, A. Prieto, S. A. van Bergeijk, et al. 2015. ‘The Effect 693 

of Water Management on Extensive Aquaculture Food Webs in the Reconstructed Wetlands of the Doñana Natural 694 

Park, Southern Spain’. Aquaculture 448 (November): 451–63. 695 

https://doi.org/10.1016/J.AQUACULTURE.2015.06.011. 696 

Weitzman, Jenny. 2019. ‘Applying the Ecosystem Services Concept to Aquaculture: A Review of Approaches, 697 

Definitions, and Uses’. Ecosystem Services 35 (February): 194–206. https://doi.org/10.1016/j.ecoser.2018.12.009. 698 

Zucchetta, Matteo, Fabrizio Capoccioni, Piero Franzoi, Eleonora Ciccotti, and Chiara Leone. 2021. ‘Fish Response to 699 

Multiple Anthropogenic Stressors in Mediterranean Coastal Lagoons: A Comparative Study of the Role of Different 700 

Management Strategies’. Water 13 (2): 130. https://doi.org/10.3390/w13020130. 701 

  702 

  703 



Supplementary materials I 704 

Scheme of a valle da pesca 705 

Supplementary materials II 706 

Remote sensing images 707 

The following tables list the remote sensing images analyzed in this work. Very High-Resolution (VHR) satellite 708 

imageries have been granted by the European Space Agency (ESA) via the ESA On-Demand Restricted Data 709 

Access program (Tab. S. M. II - 1). Aerial photograms has been granted by Regione Veneto, “Direzione 710 

Pianificazione Territoriale, U.O. Pianificazione territoriale strategica e cartografia” (Tab. S. M. II - 2). 711 

712 

Figure S.M. I - 1  Sketch map of a valle da pesca structure. a) 

brackish water inlet; b) brackish lake; c) winter fishponds; d) 

freshwater lakes; e) freshwater intake. 

 

Satellite scenes 
Collection data Satellite/sensor bands resolution clouds 

coverage 
off-nadir: 

2019/07/01 WV 02 8-bands 40 cm 0.0% 13.0° 
2019/01/10 WV 02 8-bands 40 cm 1.0% 12.6° 
2019/11/07 WV 03 8-bands 32 cm 0.0% 8.1° 
2018/11/29 GE 01 4-bands 51 cm 0.0% 26.7° 

Table S. M. II - 1 VHR satellite imageries characteristics 

Collection data Flight name bands resolution 
2018 REVEN 2018 3-bands (RGB) 20 cm 
2019 AGEA REVEN 3-bands (RGB) 20 cm 

Table S.M. II - 2 Aerial photograms characteristics 
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ESs assessment methodology 714 

ES category ES 
Assessment methodology 

Valli da pesca Lagoon 

Regulating & 
maintenance 

Climate 
regulation 
Carbon 
sequestration 
rate by 
saltmarshes 
and seagrasses 
[gC m-2 y-1]  

Capacity/flow methodology 
The spatial distribution of saltmarshes in the valli da 
pesca has been achieved with a machine learning 
classification of very high-resolution satellite and aerial 
imageries (listed in table S. M. II - 1), with calibration 
points collected during field work. 
Average saltmarshes’ carbon sequestration rate based 
on literature data  (Day et al. 1998; Roner et al. 2015) 
 
The spatial distribution of seagrasses meadows has 
been achieved by photointerpretation of very high-
resolution satellite imageries (WV-2A, GeoEye), with the 
support of UAV aerial imageries and visual census field 
surveys data collected during periodical visits within the 
valli da pesca. 
Seagrasses’ C sequestration rate based on species-
specific belowground production and organic C content 
(Sfriso, Facca, and Ceoldo 2004; Sfriso and Francesco 
Ghetti 1998b; Sfriso, Facca, and Ceoldo 2007; Sfriso and 
Facca 2007; 2007)  
 
According to the literature, capacity and flow indicators of 
regulating ESs have been considered coincident 
(Schröter et al. 2014; Hein et al. 2006b). 
 

Capacity/flow methodology 
The saltmarshes spatial distribution in the open, not 
privately managed part of the lagoon has been retrieved 
from the saltmarshes map achieved in 2003 by Magistrato 
alle Acque. 
Average saltmarshes’ carbon sequestration rate based on 
literature data  (Day et al. 1998; Roner et al. 2015) 
 
 
The seagrasses distribution refers to the seagrasses map 
in 2017 (Provveditorato OO. PP. del Triveneto; SELC, 
2018). 
Seagrasses’ C sequestration rate based on species-
specific belowground 
production and organic C content (Sfriso and Facca 2007; 
Sfriso, Facca, and Ceoldo 2007; 2004; Sfriso and 
Francesco Ghetti 1998b)  
 
 
 
According to the literature, capacity and flow indicators of 
regulating ESs have been considered coincident (Schröter 
et al. 2014; Hein et al. 2006b). 

Regulating & 
maintenance 

Water 
purification 
Percentage of 
Nitrogen load 
removed by 
denitrification 
process in 
brackish water 
[%]   

Capacity/flow methodology 
Nitrogen removal capacity of the brackish lakes 
estimated in proportion to the lake extension and the 
turnover time of the volume of water in the saltwater 
basin, based on experimental data about denitrification 
measured by Ravagnan (1982) in other valli da pesca 
managed in the same way as the valli da pesca 
considered in this study. 
According to the literature, capacity and flow indicators of 
regulating ESs have been considered coincident 
(Schröter et al. 2014; Hein et al. 2006a). 
 

Capacity/flow methodology 
N load removed through denitrification estimated based on 
residence time, according to the equation proposed by 
Seitzinger et al., (2006) for estuarine systems. Residence 
time calculated with SHYFEM model (Umgiesser et al. 
2004)  referred to the year 2014 (courtesy of G. 
Umgiesser, ISMAR-CNR). 
 
According to the literature, capacity and flow indicators of 
regulating ESs have been considered coincident (Schröter 
et al. 2014; Hein et al. 2006a). 
 



ES category ES 
Assessment methodology 

Valli da pesca Lagoon 

Regulating & 
maintenance 

Lifecycle 
support 
0-1 scale 

 
 

Capacity methodology 
Attractiveness for migratory waterbirds related to the 
presence of waterbirds lifecycle support factors 
(saltmarshes, freshwater presence, shrubs, and 
herbaceous vegetation) that enhance the suitability for 
resting and molt changing (Korschgen et al., 1985; 
Havera et al., 1992; Arzel et al., 2006; Hatziiordanou et 
al., 2019), retrieved from aerial imageries photo 
interpretation and geospatial layers data. 
Estimated distribution in the most confined part of the 
lagoon of juveniles fish biomass [kg ha-1y-1] of the food-
web group “Mugilidae”, retrieved from a spatialized 
foodweb model of the Venice lagoon (Anelli Monti et al. 
2021a). Fish and waterbirds lifecycle support capacities 
were normalized to a 0-1 scale, then aggregated. 
 
Flow methodology 
Waterbirds: Average number of migratory waterbirds [n 
ha-1y-1] wintering in the valli da pesca, according to the 
last ten years’ waterbirds annual censuses (AFV 2020).  
Fish: Fry biomass [kg ha-1y-1] sown in the valli da pesca 
for the species Mugil cephalus, Chelon labrosus, Chelon 
aurata, Chelon saliens and Chelon ramada according to 
the official management data. 
 
Waterbirds and fish lifecycle support capacities were 
normalized to a 0-1 scale, then aggregated. 
 

Capacity methodology 
Attractiveness for migratory waterbirds related to the 
presence of waterbirds lifecycle support factors 
(saltmarshes, freshwater presence, shrubs, and 
herbaceous vegetation) that enhance the suitability for 
resting and molt changing (Korschgen et al., 1985; Havera 
et al., 1992; Arzel et al., 2006; Hatziiordanou et al., 2019), 
retrieved from aerial imageries photo interpretation and 
geospatial layers data. 
Estimated distribution of juveniles fish biomass [kg ha-1y-1] 
of the food-web group “Mugilidae”, retrieved from a 
spatialized foodweb model of the Venice lagoon (Anelli 
Monti et al. 2021a). Fish and waterbirds lifecycle support 
capacities were normalized to a 0-1 scale, then 
aggregated. 
 
Flow methodology 
Waterbirds: Average number of migratory waterbirds [n ha-

1y-1] wintering in the open and not privately managed part 
of the lagoon, according to the last ten years’ waterbirds 
annual censuses (AFV 2020).  
Fish: Fry biomass [kg ha-1y-1] distribution estimated in the 
lagoon, retrieved from a spatialized foodweb model of the 
Venice lagoon (Anelli Monti et al., 2021). 
 
Waterbirds and fish lifecycle support capacities were 
normalized to a 0-1 scale, then aggregated. 
 
 

Provisioning Fish 
production 
Fish biomass  
[kg ha-1y-1] 

Capacity methodology 
Potential fish biomass hosted by each valle da pesca (kg 
ha-1 y-1), estimated basing on an Ecopath-Ecosim with 
Ecospace spatialized foodweb model (Anelli Monti et al. 
2021a).  
 
Flow methodology 
Average fish catches per hectare of brackish water 
surfaces per year (kg ha-1 y-1) in the valli da pesca, 
according to the 2010-2019 official data (Regione 
Veneto). 
 

Capacity methodology 
Sum of the biomass of fish functional groups targeted by 
artisanal fishing, calculated by an Ecopath-Ecosim with 
Ecospace spatialized foodweb model (Anelli Monti et al. 
2021). 
 
Flow methodology 
Average fish catches from artisanal fishing per hectare of 
water per year (kg ha-1 y-1), calculated by an Ecopath-
Ecosim with Ecospace spatialized foodweb model (Anelli 
Monti et al. 2021). 
 

Provisioning Waterfowl 
hunting 
Number of 
huntable 
waterbirds  
[n ha-1y-1] 

Capacity methodology 
Mean number of huntable waterbirds per hectare per 
year wintering in the valli da pesca, according to the time 
series of waterbirds censuses from 2010 to 2019 
(Associazione Faunisti Veneti, 2020), spatially 
interpolated by Dirichlet tessellation. 
 
Flow methodology 
Average number of waterbirds catches calculated on 
2010 - 2020 hunting registries data of the valli da pesca, 
spatialized considering the effective hunting reserve 
area. 
 

Capacity methodology 
Mean number of huntable waterbirds per hectare per year 
wintering in the open part of the lagoon, according to the 
time series of waterbirds censuses from 2010 to 2019  
(Associazione Faunisti Veneti, 2020),spatially interpolated 
by Dirichlet tessellation 
 
Flow methodology 
Estimated considering the catches per capita (n. 
birds/person/hunting trip), the hunting effort (n. of hunting 
trips/person/year) and the proportion of active hunters in 
the lagoon outside the hunting farms. Data were gathered 
through 84 interviews to hunters and by asking the total 
number of hunters active in the lagoon to the “Ambito 
Territoriale di caccia VE5” in 2020. Spatial distribution 
based on the location of the hunting blinds in the lagoon 
(Regione Veneto, 2019), weighted by the average effective 
shotgun range. 

Provisioning Wild herbs & 
honey 

Capacity methodology 
Kg of Salicornia spp. biomass that could be harvested in 
the valli da pesca, per year, estimated from the 
vegetational patches distribution in the valli da pesca 
retrieved with both visual census method and through the 
identification of their predictive range in R, G, B bands 

Capacity methodology 
Kg of Salicornia biomass that could be harvested in the 
lagoon, per year, estimated from the vegetational patches 
distribution in the open lagoon retrieved with both visual 
census method and through the identification of their 
predictive range in R, G, B bands reflectance values, 



Table S.M. III - 1 ESs assessment methodologies applied in this study. 715 

ES category ES 
Assessment methodology 

Valli da pesca Lagoon 

reflectance values, filtered through a cut-off NDVI value 
calculated from aerial and satellite imageries (listed in 
Supplementary Materials II).  
Kg of honey potentially produced per unit area in the valli 
da pesca, considering the Limonium sp. inflorescence 
cover in the patches (Fantinato and Buffa 2019) and the 
ratio between the number of sea lavender flowers and 
the grams of honey that can be obtained from them. 
 
Flow methodology 
Kg of harvested edible plants reported by 2020 market 
data (courtesy of Veneto Agricoltura), by interviewed 
local people and restaurant chefs. Kg of produced sea-
lavender honey witnessed by 5 interviewed beekeepers. 

filtered through a cut-off NDVI value calculated from aerial 
and satellite imageries (listed in Supplementary Materials 
II).  
Kg of honey potentially produced per unit area in the 
lagoon, considering the Limonium inflorescence cover in 
the patches (Fantinato and Buffa 2019) and the ratio 
between the number of sea lavender flowers and the 
grams of honey that can be obtained from them. 
 
Flow methodology 
Kg of harvested edible plants reported by 2020 market 
data (courtesy of Veneto Agricoltura), by interviewed local 
people and restaurant chefs. Kg of produced sea-lavender 
honey witnessed by 5 interviewed beekeepers. 

Cultural Tourism Capacity methodology 
Tourism attractiveness map, assessed by a survey 
carried out in the second half of 2019. Spatialization 
achieved by considering the attractiveness factors 
evaluated by tourists in the questionnaires, namely 
saltmarshes presence, the possibility to observe birds 
and fauna, good water quality, and the chance to 
contemplate natural terrestrial habitats in the valli da 
pesca. Each element was weighted to depict the interest 
declared by people and normalized to a 0-1 scale index. 
 
Flow methodology 
Number of people who, during a year, have passed at 
least one night in one of the accommodation facilities 
within the valli da pesca. 
 

Capacity methodology 
Tourism attractiveness map, assessed by a survey carried 
out in the second half of 2019. Spatialization achieved by 
considering the attractiveness factors evaluated by tourists 
in the questionnaires, namely saltmarshes presence, the 
possibility to observe birds and fauna, good water quality, 
and the chance to contemplate natural terrestrial habitats 
in the lagoon. Each element was weighted to depict the 
interest declared by people and normalized to a 0-1 scale 
index. 
 
Flow methodology 
Number of people visiting the lagoon in the year 2019, 
excluding the historical center of Venice, obtained from 
tourism and transportation operators (public transport 
company AVM-ACTV S.p.a., 17 private navigation 
companies, 9 ecotourism associations). 

Cultural Information for 
cognitive 
development 

Capacity methodology 
The natural factors that enhance touristic attractiveness 
assessed by a survey carried out in the second half of 
2019 have been mapped along with the inclusivity for the 
necessities of people with disabilities. The resulting map 
was normalized to a 0-1 scale. 
 
Flow methodology 
Number of persons that yearly attend outdoor 
educational activities or guided one-day trip in the valli da 
pesca, as reported by the valli da pesca managers, 6 
touristic guides and 6 major ecotourism associations. 

Capacity methodology 
The natural factors that enhance touristic attractiveness 
assessed by a survey carried out in the second half of 
2019 have been mapped along with the inclusivity for the 
necessities of people with disabilities. The resulting map 
was normalized to a 0-1 scale. 
 
Flow methodology 
Number of persons that yearly attend outdoor educational 
activities or guided one-day trip in the lagoon, as reported 
by 6 touristic guides and 6 major ecotourism associations. 

Cultural Birdwatching Capacity methodology 
Birdwatching attractiveness normalized map, scaled 0-1, 
based on the factors reported as important by 30 
interviewed birdwatchers, namely the presence of 
pedestrian paths, saltmarshes presence, birds nesting 
areas in the visual field, and high probability for observing 
birds. All these factors were summed up to obtain a 
normalized attractiveness map. 
Flow methodology 
Average number of active birdwatchers [n y-1] calculated 
from the observers’ activity trend, recorded from 2010 to 
2020 in the Italian birdwatchers’ database 
(https://www.ornitho.it/). 

Capacity methodology 
Birdwatching attractiveness normalized map, scaled 0-1, 
based on the factors reported as important by 30 
interviewed birdwatchers, namely the presence of 
pedestrian paths, saltmarshes presence, birds nesting 
areas in the visual field, and high probability for observing 
birds. All these factors were summed up to obtain a 
normalized attractiveness map. 
Flow methodology 
Average number of active birdwatchers [n y-1] calculated 
from the observers’ activity trend, recorded from 2010 to 
2020 in the Italian birdwatchers’ database 
(https://www.ornitho.it/). 
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