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Supplementary Materials

The following Supplementary Material contains additional information to MM sec-
tion and is organised in two sections: Section S1. Environmental quality assessment; S2.
Skeletal anomalies.

Section S1. Environmental quality assessment (from [1])

A methodology based on expert judgement [2] was used, following an approach un-
der development [3] for the ecological evaluation of transitional waters [4] with special
reference to lagoon ecosystems in the Mediterranean area [5]. Such approach has already
been proposed for the ecological quality evaluation of streams and rivers [6] and to assess
marine environmental status [7]. The rationale behind this method is that the evaluation
of the ecological status is a notion intrinsically subjective, and hence the approach tries to
limit as much as possible this subjectivity, confining it to an initial phase, while the sub-
jective steps of the evaluation procedure are as objective as possible [6]. Therefore, expert
judgments by scientists provide for the selection of relevant metrics in the earliest steps,
also combining metrics into a score and defining thresholds between ecological status
classes in the scoring scale.

The methodology followed to perform a comprehensive environmental quality as-
sessment of the lagoons, therefore, has foreseen a first step of selection of the metrics by
expert judgment, i.e. the choice of several environmental indicators of direct and indirect
human pressures acting on lagoon ecosystems. The choice was based on the scheme pro-
posed by [8] and [9], modified to adapt to the specificity of the lagoons under study.

Specific pressure indicators have been chosen, grouped under three categories of an-
thropogenic pressures (CP) related to three main aspects influencing lagoon environmen-
tal quality: changes over time in lagoon morphology and hydrology (Morpho), use of sur-
rounding landscape and lagoon resources (Use) and lagoon water quality (Qual). The
pressure indicators contributing to each CP, detailed in Table S1 along with the time and
scale of the evaluation and the data source used, were selected based on extensive back-
ground information gathered from scientific databases (Web of Science, Scopus) for pub-
lications, as well as by grey literature, Agencies databases and Reports (Table S1). Such
material was also used for their quantification, based on the type, rate or interval of vari-
ation, and scored on a range scale (from 0-not present to 5-very high, as detailed in Table
S2).

The scores of the pressure indicators contribute to the scoring of values for three Cat-
egory Pressure Indexes, CPIs: “Changes in morphology and hydrology” (CPI-Morpho),
“Landscape and use of resources” (CPI-Use) and “Water quality” (CPI-Qual). For each
category, a specific CPI value is in fact calculated as the sum of the scores of each pressure
indicator (i), as indicated in the formula (1)

CPI = Z [0 1)
i=1
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which can grade from 0 to 20 or 25, depending on the number of pressure indicators
contributing to the CPI.

Category pressure indices finally contribute to the calculation of the value of a Final
Pressure Index FPI, according to the formula (2)

FPI =¥3_,CPI 2)

the final value of which can score from 0 to 65.

Table S1. Single pressure indicators that contribute to three categories of anthropogenic pressures: changes over time in
lagoon morphology and hydrology (CPI-Morpho), use of surrounding landscape and lagoon resources (CPI-Use) and
lagoon water quality (CPI-Qual). Time and spatial scales of evaluation used for the quantification of the anthropogenic
pressures are reported, as well as reference and data sources.

tial Scale of
Pressure Category Indicator Time Scale of Evaluation Spatia Sc.a €% Reference Source of data
Evaluation
EXCHANGE - Geomorphic types [10]
according to mean water renewal Fixed in time Whole lagoon [11] In situ observations
time [12] Field observations
BANKS — Percentage of natural Fixed in time Sectors Expert GIS- instruments
CPI-Morpho banks judgement  [4,11,13,14,15,16,17,18,
E 19,20,21,22,23,24,25,26,27,28
INLET — Status and efficiency Fixed in time Whole lagoon . xpert
judgement ]
FW SUPPLY — Surface freshwater o Expert
. . Fixed in time Sectors .
tributaries judgement
LANDSCAPE — P £
NDSC . ercentage o Fixed in time Sectors [29]
anthropogenically affected land
CPI-Use &P T o
FISHERY — Production Annual Whole lagoon . *per
judgement
FIXED BARRIER — Closed Annual Whole lagoon Expert
days/year judgement
Legislative
. Decree
DO - Dissolved Oxygen Seasonal Whole lagoon (L.D) no.
152/06; [33]
L.D. no.
CPI-Qual Chl-a - Chlorophyll Seasonal Whole lagoon
152/06
. I L.D. no.
DIN - Dissolved Inorganic Nitrogen Seasonal Whole lagoon 152/06
.D. no. 34,35,36,37,38,39
RP - Reactive Phosphorus Seasonal Whole lagoon L.D.no [ ]
152/06
L.D. no.
152/06
L.D. no.
Contaminants - (Directive 152/06,
2013/39/EU) Annual Whole lagoon MD. no.
260/2010,
L.D.

172/2015
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Table S2. Pressure indicators, description and degree levels of change (impact score) proposed for the quantification of
the anthropogenic pressures (modified by [8,9]).

IMPACT SCORE
INDICATOR Description (0) (1) (2) (3) (4) (5)
CHANGES IN MORPHOLOGY AND HYDROLOGY (Morpho)
Geomorphic
types ac-
Exchange ~ COTdingfo >100 <250 <100 250
mean water
renewal
time (days)
Banks °ofnatural - 0-5% 510%  10-25% 25-50% 50-75% 775 % modi-
banks natural fied
A functional
Status and . High effi- t,l dal inlet, Maintenance on Poor efficiency due to
Inlet L. ciency, natural maintenance of . .
efficiency .. tidal channel no maintenance
functioning secondary ca-
nals
Surface
freshwater Nattitcl;a:hfunc— Tributaries diverted,
tributaries  Original tribu- vy possible Total freshwater
FW Supply . . and/or par- . . .
and their  taries network . freshwater revenue inputs diversion
functional- tially managed sources
. (water pump)
ity
LANDSCAPE AND USE OF RESOURCE (Use)
% of anthro-
Landscape p"a%fe:c‘tﬁly ;;tiial 80% 60% 30% 10% 0%
land
Aquaculture Pr(‘:;iy‘::rl)o ™0 Absent <100 >100 <500 > 500 < 1000 >1000 <5000 >5000
Fisheries Pr(‘:;iy‘::rl)o ™ 0 Absent <100 >100 <500 > 500 < 1000 >1000 <5000 >5000
Closed
months per
Fixed Barrier year. 0 Absent 1 2 4 6 >6
(e.g. sluice,
fishing bar-
rier)
WATER QUALITY (Qual)
Dissolved
Oxygen sat-
DO uration>  Not applicable >80 % 70<% <80 50<% <70 20 <% <50 <20 %
80% for 95%
of the time
90th percen-
tile of the
seasonal
CHL-«  valuesof Notapplicable - 40 ~245<pgli< 3.65 < g 1< 10.06 1006<pgl<1994  >20 gl
ug 11 3.65
Chloro-
phyll-a con-
centration
Seasonal av-
erage of Dis- <9546 9546<pgli<
DIN solved Inor- Not applicable . 254 49 254.49 < pg 11< 394.23 39423 <ugli<601.47 >601.47 pglt
ganic Nitro- K8 ’
gen
Seasonal av-
erage of Re- [RP] < 0.48 uM i
RP active Phos- (15 uglica.) [RP]>0.48 uM (15 pg I c.a.)

phorus
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1009
com Al)i One List I pri-  One List II priority substance
ancepo ¢ ority substance fails to comply with EQS AND

Water . fails to comply significant increase in the con-
Chemical sub- samples Py sig

chemical . with EQS AND centration of this substance OR
. . stance below with . .. . .
Contaminants quality . no significant  (ii) More than one List II prior-
. : the limit of de- EQSs for . . . .

(Directive tection all pri.  mcrease in the ity substances fail to comply
2013/39/EU) orf concentration with EQSs AND no significant
ty of this sub-  increase in the concentration of

sub-
stance these substances
stances

More than one List II
.. .. More than one
priority substances fail . ..
. List I priority
to comply with EQSs
AND significant i substance
significant in-
. & from WFD
crease in the concentra- .
. Chemical sta-
tion of these substances .
.. . L. tus fails to
OR (ii) one List I priority .
substance fails to com: comply with
EQSs

ply with EQSs

EQS Environmental Quality Standards
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highlighted in grey the 21 anomalies used for the CA and in bold the 6 anomalies used for the

MCA.

Table S3. Frequencies (%) of individual affected by each anomaly. In red the severe anomalies,

Section S2. Skeletal anomalies.
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L8 0 1 0 0 0 0 0 0 0
L11L 0 1 0 0 0 0 0 1 0
L11IR 0 1 0 0 0 0 0 1 0
M8* 26 48 43 52 48 28 74 49 20
SB 0 0 2 0 0 0 0 0 0
SC 1 0 0 1 0 0 0 0 0
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Table S4. Frequencies (%) of each type of anomaly on the total number of anomalies. In red the
severe anomalies, highlighted in grey the 21 anomalies used for the CA and in bold the 6 anoma-

lies used for the MCA.
ORB CAB FOG CAP SAB LES COM GOR GRA
A5 0.3 0.0 0.1 0.1 0.1 0.2 0.1 0.0 0.5
B3 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0
B3* 0.0 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0
B4 0.0 0.0 0.1 0.1 0.1 0.0 0.3 0.0 0.0
B4z 0.0 7.5 0.1 0.4 21 0.0 1.0 1.6 0.4
B5 2.0 13.9 8.5 2.8 8.4 8.2 43 10.0 8.4
B5* 0.3 0.5 0.1 0.0 0.3 0.2 0.1 0.1 0.0
B6 0.2 1.6 1.7 1.0 0.8 0.2 45 4.0 0.1
B7 0.0 0.1 0.0 0.1 0.1 0.0 0.0 0.0 0.0
B7* 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0
B26 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0
B28 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0
C3* 0.0 0.0 0.1 0.0 0.0 0.0 0.1 0.2 0.0
C4 0.5 0.0 0.0 0.3 0.0 0.0 0.1 0.4 0.0
C5 0.9 1.9 1.6 19 2.4 0.3 0.3 0.4 0.2
C5¢# 0.5 0.0 0.0 0.0 0.1 0.1 0.0 0.0 0.0
C5* 0.2 0.0 0.0 0.0 0.0 0.0 0.1 0.6 0.0
C6 28.2 16.5 15.9 15.1 22.1 23.5 13.1 12.4 17.5
Ce(T) 17.5 0.1 3.0 3.9 29 24.7 19.8 23.0 32.3
Co# 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0
C6* 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.2 0.0
C26 0.0 0.0 0.3 0.3 0.0 0.0 0.1 0.0 0.0
C28 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
D3 0.2 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0
D3* 0.3 0.1 0.1 0.1 0.2 0.1 0.3 0.2 0.0
D4 1.2 0.4 0.5 0.3 0.3 0.1 1.0 0.6 0.2
D5 0.5 0.7 1.2 2.0 0.7 0.1 1.0 0.4 1.6
Db5# 0.0 0.1 0.2 0.0 0.1 0.1 0.0 0.0 0.0
D5* 2.0 0.8 0.7 1.2 0.4 2.5 0.8 0.9 2.0
D6 1.1 0.4 1.0 0.9 0.8 0.1 0.3 0.2 0.6
Do6# 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.1 0.0
D6* 1.1 0.4 0.2 0.2 0.1 0.5 0.3 04 0.5
D26 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0
D27 0.2 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.0
D28 0.2 0.0 0.0 0.0 0.0 0.0 0.1 0.3 0.0
E11L 0.0 0.3 0.6 0.9 0.9 0.1 2.0 0.8 0.0
E11R 0.0 0.1 0.7 0.0 0.6 0.0 1.0 0.3 0.0
E30L 0.8 0.0 0.1 0.2 0.4 0.0 0.3 0.1 0.0
E30R 0.2 0.0 0.1 0.1 0.1 0.0 0.1 0.0 0.1
EF8 0.2 1.3 14 1.9 0.9 0.2 0.4 0.4 0.4
F11 0.0 0.5 0.1 0.1 15 0.3 0.0 0.0 0.0
F20 0.0 0.0 0.0 0.5 0.2 0.0 0.0 0.0 0.2
G9 1.8 0.8 1.2 0.5 0.9 1.7 0.2 0.1 0.2
G9* 0.3 0.2 0.0 0.1 0.1 0.0 0.0 0.0 0.0
G10 1.2 0.3 0.6 0.8 0.9 0.4 1.0 0.3 0.7
G10* 9.5 8.2 119 139 9.8 9.5 13.9 14.0 10.7
G19 19.6 8.7 5.4 12.4 11.8 14.6 14.1 14.5 16.5
G19* 2.1 6.9 10.4 8.7 8.4 1.2 2.4 2.5 0.6
G11 0.0 1.6 0.9 0.5 0.8 4.1 0.0 0.0 0.0
HS8 0.2 6.5 6.0 3.8 3.7 1.6 0.6 1.3 1.0
H11 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0
H20 0.0 0.0 0.2 0.5 0.7 0.3 0.0 0.0 0.1
18 0.0 43 4.2 2.6 2.1 0.6 0.3 0.9 1.3
111 0.0 0.5 1.0 0.1 0.6 0.3 0.0 0.2 0.1
120 0.0 0.0 0.0 0.3 0.5 0.0 0.0 0.0 0.0
126 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0
L8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
L11L 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.1 0.0
L11R 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.1 0.0
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Ms8* 6.4 13.7 19.5 21.2 13.4 4.3 15.5 8.8 4.0
SB 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0
SC 0.2 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0
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Correspondence Analysis

The CA performed on the RM (1023 fish x 63 variables, i.e. 62 anomalies and the var-
iable ABS, to take into account specimens devoid of anomalies) gave an ordination model
in which 20.7% of the variance was explained by the first three axes (Figure S1).
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Figure S1. Correspondence analysis (CA) (1023 fish x 63 variables). Ordination of samples in the first two factorial axes
(CA1 and CAZ2) plane. These axes account for 16.8% of total variance. Please, refer to Table 2 for anomalies’ code. Sites:
(ORB) Orbetello, (CAB) Cabras, (FOG) Fogliano, (CAP) Caprolace, (SAB) Sabaudia, (LES) Lesina, (COM) Comacchio,
(GOR) Sacca di Goro, (GRA) Grado Marano.

Given the low variance obtained by this ordination model and the unclear distribu-
tions of the variables (i.e. skeletal anomalies) with respect to the sites of origin, a second
CA was performed on a subset of data (Figure S2).

15 Mg*
1 cs B4z HS
caf!?” F8
0.5 FOG Dh( :
SAB Chis
" comb Gl =B3g ],
- . —G9
S ABS GOR __ORB G10°>>
oo
2—05 LES B6 Gl19
S GRA—D6* |_ ).
-15
~2 CH(T)
~23
~120 ~100 —80 —60 —40 -20 0 20
CA127.7%

Figure S2. Correspondence analysis (CA) (1023 specimens and 22 variables). Ordination of samples in the first two factorial
axes (CA1 and CAZ2) plane. These axes account for 36.5% of total variance. Please, refer to Table 2 for anomalies’ code.
Sites: (ORB) Orbetello, (CAB) Cabras, (FOG) Fogliano, (CAP) Caprolace, (SAB) Sabaudia, (LES) Lesina, (COM) Comacchio,
(GOR) Sacca di Goro, (GRA) Grado Marano.
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The CA was performed on a matrix (1023 specimens and 22 variables, i.e. 21 anoma-
lies and the ABS variable) that were retained, excluding the rarest anomalies (frequency <
4% in all the specimens). This CA gave an ordination model in which 43.4% of the total
variance was explained by the first three axes. Despite the higher explained variance, the
ordination model was difficult to be interpreted, because of the weight of the ABS varia-
ble, which forces the sites of origin to aggregate close to the origin of the axes.

30-

20-

Contributions (%)

C6T Mg* B4z BS ElIL G11

Figure S3. R output for the analysis of the variable contribution for the matrix 1022x21. The bar plot of variable contribu-
tions shows the six variables with the highest percentage contribution to CA1 and CAZ2. Skeletal anomalies: malformed
zygapophysis of abdominal vertebrae (B4z), malformed neural arches or spine of abdominal vertebrae (B5), Tulip-like
shaped haemal arches of the hemal vertebrae (C6T), malformed left pectoral fin rays (E11L), malformed caudal fin rays
(G11) and malformed interdorsal element (M8*).

References

Capoccioni, F.; Leone, C.; Belpaire, C.; Malarvannan, G.; Poma, G.; De Matteis, G.; Tancioni, L.; Conto, M.; Failla, S.; Covaci, A. Quality
assessment of escaping silver eel (Anguilla anguilla L.) to support management and conservation strategies in Mediterranean
coastal lagoons. Environ. Monit. Assess. 2020, 192, 570, doi:10.1007/s10661-020-08533-6.

1. Lein, J.K. An expert system approach to environmental impact assessment. Int. |. Environ. Stud. 1989, 33, 13-27,
doi:10.1080/00207238908710476.

2. Pérez-Dominguez, R.;; Maci, S.; Courrat, A.; Lepage, M.; Borja, A.; Uriarte, A.; Neto, ].M.; Cabral, H.; St.Raykov, V_; Franco, A.
Current developments on fish-based indices to assess ecological-quality status of estuaries and lagoons. Ecol. Indic. 2012, 23, 34—
45, d0i:10.1016/j.ecolind.2012.03.006.

3. European Council Directive (2000). European Commission Directive 2000/60/EC of the European Parliament and of the Council
of 23 October 2000 Establishing a Framework for Community Action in the Field of Water Policy. Official Journal of the Euro-
pean Communities L 327/1-72, Brussels.

4. PRIN - Anno 2009 (D.M. 19 marzo 2010 n. 51) Approcci integrati alla valutazione dello stato ecologico e alla gestione alieutica
degli ecosistemi acquatici di transizione” (Ministero dell'Istruzione, dell'Universita e della Ricerca.

5. Scardi, M., S. Cataudella, P. Di Dato, E. Fresi & L. Tancioni. An expert system based on fish assemblages for evaluating the
ecological quality of streams and rivers. Eco. Info. 2008, 3, 55-63.

6.  Elliott, M.; Boyes, S.J.; Barnard, S.; Borja, A. Using best expert judgement to harmonise marine environmental status assessment
and maritime spatial planning. Mar. Pollut. Bull. 2018, 133, 367-377, doi:10.1016/j.marpolbul.2018.05.029.

7.  Aubry, A, Elliott, M. The use of environmental integrative indicators to assess seabed disturbance in estuaries and coasts:
Application to the Humber Estuary, UK. Mar. Pollut. Bull. 2006, 53, 175-185, doi:10.1016/j.marpolbul.2005.09.021.

8.  Lepage, M.; Harrison, T.; Breine, J.; Cabral, H.; Coates, S.; Galvan, C.; Garcia, P.; Jager, Z.; Kelly, F.; Mosch, E.C. An approach to
intercalibrate ecological classification tools using fish in transitional water of the North East Atlantic. Ecol. Indic. 2016, 67, 318—
327, d0i:10.1016/j.ecolind.2016.02.055.

9. Kjerfve, B.; Magill, K. Geographic and hydrodynamic characteristics of shallow coastal lagoons. Mar. Geol. 1989, 88, 187-199,
doi:10.1016/0025-3227(89)90097-2.



Water 2021, 13, 159 11 of 11

10.

11.

12.

13.
14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.
28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Ferrarin C, Zaggia L, Paschini E, Scirocco T, Lorenzetti G, Bajo M, Penna P, Francavilla M, D’Adamo R, Guerzoni S. Hydro-
logical regime and renewal capacity of the micro-tidal Lesina Lagoon, Italy. Estuaries Coast 2013, 37, 79-93.

Newton, A ; Icely, J.; Cristina, S.; Brito, A.; Cardoso, A.C.; Colijn, F.; Riva, S.D.; Gertz, F.; Hansen, ].W.; Holmer, M. An overview
of ecological status, vulnerability and future perspectives of European large shallow, semi-enclosed coastal systems, lagoons
and transitional waters. Estuar. Coast. Shelf Sci. 2014, 140, 95-122, doi:10.1016/j.ecss.2013.05.023.

Google Maps https://www.google.it/maps/@41.28768,13.5364608,14z accessed December 2019

Google Earth https://earth.google.com/web/@0,0,0a,22251752.77375655d,35y,0h,0t,0r accessed December 2019

Acquavita, A.; Aleffi, LF.; Benci, C.; Bettoso, N.; Crevatin, E.; Milani, L.; Tamberlich, F.; Toniatti, L.; Barbieri, P.; Licen, S. Annual
characterization of the nutrients and trophic state in a Mediterranean coastal lagoon: The Marano and Grado Lagoon (northern
Adriatic Sea). Reg. Stud. Mar. Sci. 2015, 2, 132-144, doi:10.1016/j.rsma.2015.08.017.

Ferrarin, C.; Umgiesser, G.; Bajo, M.; Bellafiore, D.; De Pascalis, F.; Ghezzo, M.; Mattassi, G.; Scroccaro, I. Hydraulic zonation of
the lagoons of Marano and Grado, Italy. A modelling approach. Estuar. Coast. Shelf Sci. 2010, 87, 561-572,
doi:10.1016/j.ecss.2010.02.012.

Foti A, Gravina MF, M.P. Applicazione del concetto di saprobicita ad un ambiente di transizione: la laguna di Cabras (Sardegna
occidentale)/Application of the saprobity concept to a coastal transitional ecosystem: the Cabras lagoon (western Sardinia). Biol.
Mar. Mediterr. 2014, 21, 167-170.

Lenzi, M.; Gennaro, P. Wind Mitigating Action on Effects of Eutrophication in Coastal Eutrophic Water Bodies. Int. ]. Mar. Sci.
Ocean Technol. 2016, 3, 14-20, d0i:10.19070/2577-4395-160004.

Lenzi, M. Artificial Top Layer Sediment Resuspension To Counteract Chaetomorpha Linum (Muller). Kutz Blooms In A Eu-
trophic Lagoon. Three Years Full-Scale Experience. |. Aquac. Mar. Biol. 2017, 5, d0i:10.15406/jamb.2017.05.00114.

Mistri, M.; Fano, E.A.; Rossi, G.; Caselli, K.; Rossi, R. Variability in Macrobenthos Communities in the Valli di Comacchio,
Northern Italy, a Hypereutrophized Lagoonal Ecosystem. Estuar. Coast. Shelf Sci. 2000, 51, 599611, doi:10.1006/ecss.2000.0697.
Munari, C.; Mistri, M. Ecological status assessment and response of benthic communities to environmental variability: The Valli
di Comacchio (Italy) as a study case. Mar. Environ. Res. 2012, 81, 53-61, doi:10.1016/j.marenvres.2012.08.008.

Umgiesser, G.; Ferrarin, C.; Cucco, A.; De Pascalis, F.; Bellafiore, D.; Ghezzo, M.; Bajo, M. Comparative hydrodynamics of 10
Mediterranean lagoons by means of numerical modeling. . Geophys. Res. Ocean. 2014, 119, 2212-2226, doi:10.1002/2013JC009512.
Ferrarin, C.; Umgiesser, G. Hydrodynamic modeling of a coastal lagoon: The Cabras lagoon in Sardinia, Italy. Ecol. Modell. 2005,
188, 340-357, doi:10.1016/j.ecolmodel.2005.01.061.

Vallerga, S., De Falco, G., Piergallini, G., Ferrari, S., Murru, E., Ribotti, A., Di Bitetto, M., Guerzoni, S., Viaroli, P., & Molinaroli,
E. Controllo Ambientale Dello Stagno di Cabras. Tech. Rep. ICB/CNR, IMC, Oristano, 1999 p. 29.

Pitacco, V.; Mistri, M.; Munari, C. Long-term variability of macrobenthic community in a shallow coastal lagoon (Valli di Co-
macchio, northern Adriatic): Is community resistant to climate changes? Mar. Environ. Res. 2018, 137, 73-87, d0i:10.1016/j.ma-
renvres.2018.02.026.

ARPA Emilia- Romagna (Ferrara Section) Database https://www.arpae.it/index.asp?idlivello=30 accessed December 2019
Bono, P., Ghiozzi, E., Malatesta, A., Zarlenga, F. Seminario informativo sui risultati del progetto “Laghi costieri”. Terracina,
1985. Edizione Universita degli Studi “La Sapienza” di Roma - provincia di Latina.

Consorzio Bonifica, 2013 Personal communication.

Gardi, C.; Bosco, C.; Rusco, E.; Montanerella, L. An analysis of the Land Use Sustainability Index (LUSI) at territorial scale based
on Corine Land Cover. Manag. Environ. Qual. An Int. ]. 2010, 21, 680694, d0i:10.1108/14777831011067953.

Corine Land Cover 2012.

EUROSTAT (2014) National Report on production data from Aquaculture - Reg. CE 762/2008.

National Fisheries Data Collection (2007-2016).

Uriarte, A.; Borja, A. Assessing fish quality status in transitional waters, within the European Water Framework Directive:
Setting boundary classes and responding to anthropogenic pressures. Estuar. Coast. Shelf Sci. 2009, 82, 214-224,
doi:10.1016/j.ecss.2009.01.008.

ARPA Emilia Romagna Three-year report (2015-2017). Monitoraggio delle acque di transizione e classificazione dello stato di
qualita- Rapporto triennale 2014-2016.

ARPA Lazio Three-year report (2015-2017). Stato ecologico e stato chimico dei corpi idrici di transizione - Periodo di monito-
raggio 2014-2015.

ARPA Toscana Three-year report (2013-2015). Monitoraggio delle Acque. Rete di monitoraggio acque superficiali interne fiumi,
laghi e acque di transizione Risultati 2015 e triennio 2013- 2015.

ARPA Friuli Venezia Giulia, 2014. Monitoraggio delle acque di transizione della Regione Friuli Venezia Giulia (D.Lgs. 152/06),
Proposta di classificazione dello stato ecologico (2009-2012) e dello stato chimico aggiornato al 01/06/2014.

ARPA Puglia, 2015. Servizio di monitoraggio dei corpi idrici superficiali della regione Puglia, Monitoraggio Operativo Rela-
zione di riallineamento Anno 2015.

ARPA Sardegna. Available online: http://www.sardegnaambiente.it/arpas/ (accessed on December 2019)



