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Abstract

In the last years increasing interest has been dedicated to the quality assessment of brackish-water systems.
Traditionally, fish commumity 1s an important biological element used to assess the quality status of transitional
water bodies. In this study. we analysed the effect of anthropogenic pressures on the population of a small
teleost, the Sand Smelt Athering boyeri, in a Mediterranean lagoon by means of body condition. Fish were
sampled once a year durmng the period 2010-2012, 1n 32 sampling sites. and for each specimen mdividual body
condition factor was estimated. A negative significant correlation was found between condition factor and
pressures related to alteration of the hydrographic regime, while a sigmficant positive correlation was found
with trophic status indicators and fishery activities. Therefore, morphological and hydrological alteration of
coastal lagoons, modifying the quality and the availability of resources, seems to influence the health of

resident populations.
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Introduction

The contribution of biological elements to the assessment of ecological status in transitional waters 1s a relevant
issue (Cabral et al.. 2012). In the last decade. many papers dealt with this problem by many points of view. In
particular, a great effort has been devoted to develop good methods able to define and assess the ecological
status of these aquatic ecosystems, especially in Europe for the mmplementation of the Water Framework
Dhrective (WFD). For the northern Atlantic region, official methodologies using fish as BQE (Biological
Quality Elements) have been developed and mtercalibrated (Lepage et al., 2016). but for the Mediterranean
transitional water systems an official methodology 1s still lacking. even 1f different tools have been proposed
(e g Franco et al , 2009; Drouineau et al , 2012).

Estuaries and coastal lagoons are widely known to be elective habitats for abundant and diversified fish
populations (Blaber, 1997; Franco et al., 2008; Able & Fahay, 2010; Potter et al. 2013). The high productivity.
coupled with physico-chemical and morphological habitat features. allows these environments to play several
ecological functions. such as feeding grounds or spawning and nursery areas for many fish species (Elliott &
Hemingway 2002; McLusky & Elliott 2004; Franco et al., 2006; Rountree & Able 2007; Perez-Ruzafa et al.,
2013). some of which are of conservation or economic value. . On the other hand, fish fauna 1s a key component
of aquatic ecosystems. mainly for its important ecological role in aquatic food webs, the significant life span.
which integrates effects of environmental pressures on a relative long time scale. and for 1ts economical values
as food resource (Whatfield & Elhott, 2002; Van Der Qost et al., 2003; Harnison & Whtfield, 2004; Cabral et
al., 2012).

The increasing attention paid to the quality of lagoons and estuaries (Gilliers et al | 2004), which are subjected
to lugh anthropogenic pressures (Kenmsh, 2002; Awoldi & Beck, 2007). raised the 1ssue of evaluating and
quantifying environmental quality using the health status of fish populations. One of the first attempts to deal
with this 1ssue 1involved the mtroduction of body condition factors at the beginning of the XX century (Froese,
2006). These indices, firstly developed for fish, are simple and concise indicators that, integrating several
aspects of fish biology. can be good predictors of individual fitness, thus giving a comprehensive picture of
the status of natural populations (Vila-Gispert & Moreno-Amich, 2001). Indeed, different factors contribute to
the body condition of an individual, such as general conditions of the environment, food quality, quantity and
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availability. For these reasons fish condition can be considered an integrative measure of environmental
quality, summarising the health and physiological state of a population (Vila-Gispert & Moreno-Amich, 2001
Jakob et al_, 1996). Indeed. 1t integrates the effects of both biotic and abiotic environmental influences on fish
(La Peyre etal . 2007; Searcy et al., 2007; Zapfe & Rakocinsks, 2008), thus allowing the comparison of habatat
quality in different environments (Amara et al.. 2007; Haas et al., 2009; Vasconcelos et al., 2009).

Individual health. quantified by means of condition indices. gives a snapshot of the physiclogical state of an
animal (Jacob et al, 1996), hence providing mformation about the entire population (Stevenson & Woods,
2006). Recently, Perez-Ruzafa et al. (2018) stressed the importance of analysing the physiological mechanisms
mvolved m the allocation of energy resources by mdividuals to obtain nformation at the population level This
would help to evaluate the response of organisms and populations to human-induced alteration of ecosystems.
Among morphometric indices, one of the most commeonly used is Fulton's condition factor. However, it
presents several 1ssues, 1in particular when the assumption of 1sometric growth 1s not met (Jones et al | 1999).
This drawback may be overcome by using the Kn index (Blackwell et al., 2000), calculated as the ratio between
the measured weight and the theoretical weight predicted according to the length-weight regression. Kn values
are not influenced by body shape. and the index can be used for the comparison of fishes having different
lengths. Moreover it showed to be influenced by environmental factors (Blackwell et al., 2000).

In the fields of fishery management and environmental monitoring policy. the hink existing between the health
of fish populations, and the effect of human activities on such populations. 15 of particular interest (Leamon et
al., 2000; Ciotti et al., 2013). Many works used small-sized fish in the context of environmental monitoring
activities, since these species are relatively abundant. can be easily captured and show a certain degree of site
fidelity (Leamon et al., 2000; Galloway & Munkattrick, 2006). Furthermore. mn some cases, the use of the body
condition mdices allowed to detect the impacts of anthropogenic pressures on fish populations (Efitre et al_,
2009: Piazza & La Peyre. 2010).

Estuarine residents are the elective guild of transitional water habitats, and they can be used to assess the
quality of these ecosystems. Their entire life cycle 1s mdeed spent within transitional waters, and thus they
mtegrate all the stmuli conung from such environment within their biclogical cycle (Bortone et al.. 20035;
Fiorin et al., 2007. Zucchetta et al., 2012). Despite that, the difficulties in the evaluation of anthropogenic
pressures in transitional water ecosystems are exacerbated by the so-called ‘Estuarine Quality Paradox” (Elliott
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& Quintino, 2007). Organisms inhabiting such environments, and resident species in particular, are well
adapted to naturally stressing environmental conditions and, at the same time, these areas are often subjected
to many different pressures dermving from human activities (Franco et al., 2009; Cavraro et al . 2017). Thus,
determuning and quantifing the health status of a population 1n relation to man-induced pressures 1t 1s not
always an easy task in transitional water ecosystems. In this context, a particular key point 1s disentangling the
relative contribution of natural vanability and anthropogenic pressures in shaping both biological and life
history traits of a species (Cavraro et al., 2013, 2014).

In this study we used the body condition of a small estuarine resident teleost. the Sand Smelt Atherina boveri
Risso, 1810, to evaluate the effects of anthropogenic pressures in a Mediterranean coastal lagoon. In particular,
the aims of this study were to: 1) analyse the spatio-temporal vanability of the body condition index, talang
into account the natural heterogeneity that characterises coastal lagoons; and 2) venify if this indicator might
be sensitive to environmental alterations deriving from anthropogenic pressures, and thus its contnnibution to

the assessment of ecological status.

Materials and methods

Study area

The Marano and Grado Lagoon belongs to the extended transitional system network of the northern Adnatic
Sea basmn (Figure 1). It 1s located between the Tagliamento and Isonzo River deltas and 1t extends over
approximately 160 km®. The Lagoon is one of the best conserved wetlands of the whole Mediterranean area.
Tlus system 1s a coastal microtidal lagoon of large dimensions protected by the Ramsar Convention since

1971 and 1t 1s a Site of Commumity Importance at European level.

Fig. 1 The study area with highlighted (black dots) the sampling points and the partition in water bodies (FM
= heawvily modified; TEU = euhaline; TPO = polyhaline; TME = mesohaline). The dashed line separates the

Marano basin (left) from the Grado basin (right)
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Based on geomorphological and hydraulic differences. two main basins are identifiable: Marano and Grado
(De Vittor et al.. 2012). The first one (western sector) shows few areas above the mean sea-level and several
channels linking the plain spring rivers flowing into the lagoon basin with the sea. The second one (eastern
sector) 1s shallower (<1 m. on average) with a complex hydrograplical network including tidal flats, tidal
channels and subtidal zones. Besides 1ts natural significance. the lagoon and the neighborning mainland host
several socio-economic activities (e g.. mndustrial sites. commercial harbors, mannas, fishing, fish and clam

farming, and tourism: Ramien et al, 2011). which pose various environmental concemns (e g in terms of

priority pollutants).

Field samplings

Preliminary studies conducted in the lagoon highlighted the presence of three water body types (meschaline,
polyhaline, euhaline) and 13 river mouths. Considering some specific descriptors such as geographic location,
geomorphology. tides, and surface salinity. 16 water bodies (WDBs) were identified by local adnunistration,
three of them being heavily modified. The latter represent areas subjected to substantial changes due to
anthropogenic activities (e g sigmificant hydraulic regime changes, ex fish farms).

A three-year fish monitoring program (2010-2012) was carried out on 32 stations (Figure 1), where samples
were collected by means of fyke nets. Four traps were used in each station. This gear 1s commonly used by
traditional fishery throughout the northern Adnatic lagoons (Zucchetta et al_, 2016). The fyke net consists of
a barrier (about 60 m in length and 1.3 m i height) with a 0.7 cm mesh size. leading the nektonic organisms
towards four cone-shaped, unbaited traps. of the same mesh size. Sampling was performed twice a year during
spring and autumn with the aid of local fishermen, and all samples were collected after 24 hours from the

setting of the fyke nets. 4. boyeri samples were preserved at -20°C.

Data collection and analysis

Fish were measured to the nearest 0.1 mm (total length. TL) and weighed to the nearest 0.1 g (total fresh

weight, TW). In the samples exceeding 100 individuals. 100 specimens were randomly selected for the
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measurements. A prelinunary check of the population structure, using the length-frequency hustograms of the
sampled fish (Appendix A). was performed. on both spring and autumn samples, with the Bhattacharya
method. Results of this analysis (not reported in the present study) showed that. in autummn, most of the
mndividuals sampled belonged to the same cohort (0+). Since the species spawns during spring and summer,
after September, females’ ovaries are empty (Boscolo, 1970). Therefore, only fish sampled in autumn were
considered in this analysis, to avoid the influence of gonad development on total weight. Individual condition
was calculated as the relative condition factor, according to the equation Kn = W/W’, where W 1s the total
weight of an mdividual fish and W 1s the length-specific weight predicted by the linear regression calculated
for the relationship logTL-logTW (Blackwell et al . 2000). For each sampling station mean values of TL, TW
and Kn were then calculated, as well as mean salinity. Anthropogenic pressures were estimated for each water
body (N =16) as in Zucchetta et al. (2016). adapting the approach proposed by Aubry & Elliott (2006) (Table
1. Appendix B). An analysis of variance (ANOVA) was performed to test for differences in biological.
environmental and pressure variables between the two sub-basins of Marano and Grado, using water bodies as
replicates. The same dataset was used to calculate Spearman correlations among Kn_ salinity and the pressures.
To test for the effect of saliity and pressures on Kn_ a multiple regression approach was adopted, considering
the interaction of each vanable with the sub-basin. Collinear predictor vaniables were 1dentified and removed

from the model when the variance inflation factor resulted higher than 5 (Montgomery and Peck 1992).

Results

Overall, total anthropogemic pressure level of intensity, calculated as the average of the three pressure
categonies, did not differ between the two sub-basins (Figure 2. Table 2). The Marano sub-basin was subjected
to sigmificantly higher pressure related to the use of lagoon resources and to environmental quality, while
morphological alteration significantly affected the Grado sub-basin more strongly. mainly due to the alteration
of the hydrographic regime (Figure 2. Table 2). Within the pressure category related to the use of the lagoon,
fishery effort and the extent of ports in particular, were sigmificantly higher in Marano compared to Grado.

Regarding the pressure category related to environmental quality. despite the significantly lower values of the
7
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biotic mdex for the macrozoobenthic community and the dissolved oxygen concentration in the Marano sub-
basin, Grado showed an overall lower intensity of pressure, probably as the result of one indicator, the low

DIN values recorded (Figure 2).

Fig. 2 Comparison of mean values (£5.E.) of the pressures/indicators considered between the two sub-basins

of Marano and Grado

Significant differences (Table 2) i average salinity were found between the two sub-basins (Figure 3). In the
Grado sub-basin salimity was on average 10 points higher than 1 Marano. Furthermore, a substantial spatial
homogeneity was observed in the former sub-basin, while Marano showed a clear sea-lagoon gradient (Figure
4b).

Significant differences were found also in average length and weight of 4. boveri (Figure 3). with fish in
Marano being longer and heavier compared to those sampled in Grado. On the contrary, in terms of condition
factor (Figure 3) no sigmificant difference was found between the two basins (Table 2). Finally, no significant

relationship was found between size and condition factor.

Fig. 3 Comparison between the two sub-basins of Marano and Grado 1n terms of salimity and total length, total

weight and condition factor of Atherina boveri. Values presented are mean = S E.

Significant correlations were found among 4. boveri condition, salinity and the indicators/pressures considered
in the two parts of the lagoon (Table 3). In the Grado sub-basin, no significant correlation of salinity was found
with the condition factor or any indicator/pressure. In turn, a sigmificant negative correlation was found
between condition factor and morphological pressures (-0.34) and. in particular, between condition factor and
pressure dermving from the alteration of the hydrographic regime (-0.42). On the contrary, a positive correlation
between condition factor and DIN was found (0.45).

Conversely. the condition factor in the Marano basin showed a sigmificant negative cormrelation with salinity (-

0.60). Indeed. moving from the sea inlets to the inner parts of the lagoon, higher values of Kn were observed
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(Figure 4). Also, in the Marano sub-basin some mdicators/pressures resulted to be correlated with salimty.
When an mdicator/pressure showed a positive correlation with salimty (thus decreasing along the sea-lagoon
gradient), the possible effect of tlus indicator/pressure on fish canmot be distingmshed from to the natural
gradient’s effect. Therefore, the attention was focused only to the indicators/pressures showing no sigmificant
correlation, or a negative correlation, with salimty. In this context, in both sub-basins, a negative correlation
was found between condition factor and the alteration of the hydrographic regime (-0.41), and a positive
correlation was found not only with dissolved nitrogen concentration (0.72) but also with reactive phosphorous
concentration {0.46). Furthermore. a significant positive correlation was found between fishery and condition
factor (0.43).

At first. multiple regression analysis considered as predictors all the pressure vanables and salmity 1n the two
sub-basimns. Once collinear varniables were excluded, the model included only the sub-basin, the alteration of
the hydrographic regime and concentrations of dissolved oxygen and reactive phosphorous. Among predictors,
only alteration of the hydrographic regime resulted to be significant (Table 4). with a negative relationship

with condition factor in both sub-basins (Figure 4).

Fig. 4 Relationships between condition factor Kn and alteration of the hydrographic regime in the two sub-

basins of Marano and Grado

Locking at spatial variability in condition factor (Figure 3). 1t 1s clear that this indicator showed higher values
in the more confined water bodies of Marano sub-basin. following the salimity gradient (Figure 5). This
gradient was absent in Grado. while the condition factor showed higher values near the sea inlets and lower
values in proxinuty of the mainland. Higher values of morphological and. in particular, hydrological pressures
were found in Grado (Figure 2). particularly in the eastern part of the sub-basin (Figure 3c), while Marano
showed a higher intensity of pressure fishery activities (Table 2; Figure 5d). Considening the water quality
indicators, an east-west gradient of DIN was observed (Figure 5¢e), with sigmficant higher values mn Marano;

no statistical difference was found for RP (Table 2).
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Fig. 5 Vanation among the 16 water bodies of (a) Atherina boyeri condition factor, (b) salinity, (c-f) pressures
correlated with 4. boyveri condition. The dashed line separated the two sub-basins of Marano (left) and Grado

(right). Black arrows indicate the sea inlets

Discussion

Estuarine resident fish species are known to be well adapted to stressful environments such as coastal lagoons
(Franco et al.. 2008). This guld 1s the most abundant in lagoon shallow-water habitats, accounting for about
90% of the total fish abundance (Franzoi et al.. 2010). 4. boyeri is one of the most abundant resident fish in
Mediterranean coastal lagoons (Franzoi et al. 1989; Malavasi et al., 2004; Manzo. 2010; Perez-Ruzafa et al..
2007a; Mac1 & Basset, 2009; Verdiell-Cubedo et al.. 2012), with a key role 1n estuarine food web being one
of the main links between primary benthic and planktonic consumers and the higher trophic levels (Bartulovic
et al., 2004). Although 4. boyeri is not a sedentary benthic species, 1t 1s characterised by a certain degree of
site fidelity, 1n particular to spawning grounds, resulting in semi-isolated populations (Koutrakis et al., 2004).
Nevertheless, the plasticity of tlus species allows the colomsation of nearly all any shallow water habitats
{(Leonardos, 2001; Koutrakis et al | 2004), coping with the often strong and rapid vanations in temperature,
salinity and dissolved oxygen (Perez-Ruzafa et al . 2007b). In transitional water systems, salimty 1s one of the
mam drvers of biological commumities (Attnill, 2002; McLusky & Elliott, 2004), influencing species
abundance and distnbution. In the Adnatic lagoon of Acquatina, for example, Maci & Basset (2009) analysed
the populations of 4. boyeri along a decreasing salmity gradient. observing higher densities and a better body
condition moving from the sea to the mner portion of the lagoon. A sinmlar pattern was found also 1n the
present study, but with a distinction between the two sub-basins investigated. Indeed, a clear salinity gradient
was present only in Marano. while it was absent in Grado (Ferrarin et al.. 2010). Overall. the mean size of 4.
boveri was lmgher 1n Marano, probably due to the higher trophic status of this basin. The sigmficant niver
discharge that charactenises this part of the lagoon. not only determines the freshwater input that generates the
observed salimity gradient. but also causes a relevant input of nutrients, 1.e. mitrogen. deniving from agricultural
activities and untreated domestic sewage (Acquavita et al., 2013). Thus, 4. boveri can take advantage of the

high productivity of lagoon waters: despite the stressful environmental conditions often found in transitional
10
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water ecosystems, lagoon fish species were found to adopt life history strategies that allow them to cope with
natural stress (Perez-Ruzafa et al . 2013). The differences in size and weight found between the two sub-basins
should not be ascnibed to differences in age, as reported in the Materials and Methods. This would be
accordance with the biology of A. boveri: other authors (Fernandez-Delgado et al.. 1988; Bartulovic et al.,
2004) found a short life cycle, with only a small number of mdividuals older than 1+ age class, with most of
the spawners dying after the reproductive season. Anyway, further studies are needed to highlight 1f some of
the differences found between the two sub-basins could depend on differences in life history traits related to
growth and reproduction.

In coastal lagoons. a high nutrient enrichment may be detrimental for the ecological status, since it can be the
cause of dystrophic crisis (Sclidoro et al , 2010). Usually, these events occur during the summer period, when
the high temperatures cause mass mortality of the accumulated biomass of macroalgae (Sfriso et al., 2003). In
the studied lagoon. such events are usually rare. and occur on a small spatial scale. since the system 1s
phosphorous limited, and the water renewal through the sea inlets guarantees a dilution of nutrients (Acquavita
et al, 2013). This would explain the positive correlation found between the condition factor and water
concentration of nitrogen and phosphorous, although no sigmificant differences m Kn were found between the
two sub-basins. The higher trophic status stimwulates the productivity of the basin, maintaimng a trophic
network that allows secondary consumers like 4. boyveri to find more food. thus reaching a larger size.

Also the intensity of fishing activity was positively linked to the body condition of 4. boyeri. In the lagoon the
main fishing activity 1s represented by arfisanal fishery carried out by means of fyke nets (Bettoso etal., 2013),
with a mean fishing effort higher in Marano than in Grado (25 fishermen in Marano, 5 in Grado). Usually,
fishing results in a reduction of the mean individual size in natural populations (Berkeley et al.. 2004), but in
the present study 4. boyert in Marano were significantly larger than in Grado. Artisanal fishery, such as that
carried out in North Adnatic lagoons, is thought to be a sustainable activity. For example, in a similar
ecosystem (the Vemice lagoon). munor effects of artisanal fishery were observed on the fish commmumity
analysed by Zucchetta et al. (2016) and only the 6% of the catches, in terms of biomass. is discarded (Pranovi
etal.. 2013). Furthermore, fishing effort 1s usually concentrated i the areas that guarantee the maximum vield.
According to the findings of Zucchetta et al. (2016) for the Venice lagoon, also in the present study the positive
correlation observed between fishery pressure and body condition of 4. boyeri mught be explamed by a
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sustamable fishing effort focused on the most productive areas of the lagoon, which therefore host fish
populations in better conditions.

Whule pressures derving from nutrient concentrations and fishing effort did not cauvse sigmificant negative
impacts on the lagoon ecosystem, a different pattern emerged considering the morphological alterations. In the
last 60 years, severe morphological changes deeply altered the lagoon landscape (Fontolan et al, 2012).
Drowning (the combined effect of eustatism, subsidence and autocompaction ) and erosion by vessel-generated
waves are two of the mamn causes of the reduction 1n salt marsh extension (144 ha, -16%). Also submerged
habatats, such as tidal and sub-tidal flats, are affected by erosion processes. The loss of fine sediments 1s
deternuning a general deepening of the lagoon and a progressive shift into a marine embayment (Fontolan et
al., 2012; Ferrarin et al.. 2016). In the present study, a negative correlation was found between the intensity of
morphological pressures and the body condition of 4. boyveri. This picture is quite clear i the Grado basin,
where no salimity gradient was observed and the intensity of morphological pressures was higher. On the other
hand. i the Marano basin the positive correlation between salimty and some of the indicators of pressure (Le.
mtertidal. manna, DO and port) do not allow to assess if the decreasing values of body condition observed
moving from the inner lagoon towards the sea inlets is due to a reduction of the pressure intensity or if it is a
natural decreasing linked to the salinity gradient. Considening the single pressure indicators, alteration of the
hydrologic regime gives a clearer picture. In both basins, no significant correlation with salmuty was found,
while body condition showed a significant negative correlation with the pressure indicator. As an example of
alteration to the hydrographic regime. the eastern part of the lagoon 1s physically divided mto two sections by
the bridge connecting the mam land to the city of Grado (Ferrann et al , 2010). Considening the water bodies,
such bndge separates TEU1 and TPO1 from FM?2 and FM3. The latter were imndeed classified as heawily
modified water bodies in which the sediment particles entering the lagoon via the easternmost inlet remain
trapped due to the presence of the bridge (Ferrarin et al . 2016).

A clearly negative response of fish commumnity to morphological alterations was also found by Zucchetta et al.
(2016) 1n the Venice lagoon. In that study, effects of pressures on the lagoon morphology were stronger for
resident species. Thus, m coastal lagoons 1t seems that morphological pressures, and the alteration of the
hydrodynamic conditions m particular, might play a key role, affecting those species which spend all the life
cycle within transitional waters.
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Conclusions

An official method based on fish fauna for the assessment of ecological status in Mediterranean coastal lagoons
is still lacking, although a multimetrics index has been proposed by Franco et al. (2009). Multimetrics indices
are usually focused on the whole fish assemblage. considering metrics related to species/guilds abundance and
biomass, but also information about disturbance-sensitive species might be used as supporting imformation to
assess the ecological status of aquatic environment. An approach considening the health status of individuals
of key species mught provide complementary imnformation on environmental conditions. although reliable
predictions and assessments of cause-effect relationships should rely on a good knowledge about the links
between biological and physiological parameters with the health status of individuals (Perez-Ruzafa et al..
2018). In some cases. the combined effect of natural variability and environmental parameters could have
prevented to directly 1dentify the mmpacts on fish caused by anthropogenic pressures. Despate this, results of
the present study showed how even a simple index like the body condition factor could be a good mdicator of
the health status of 4. boveri populations affected by anthropogenic pressures, in particular for those pressures
deriving from the morphological (hydrological) alteration of the environment. The extension of this approach
to other lagoons, possibly using different species or indicators (1.e. the Wr proposed by Blackwell et al.. 2000
or other physiological indices). could support the fish-based assessment of ecological status on a broader

geographical scale.
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573  Table 1. Description of the anthropogenic pressures analysed in the present work, adapting the scheme

574  proposed by Aubry & Elliott (2006), based on the ARPA FVG dataset for WFD momtoring program

Pressure
category

indicator measure

morphology  intertidal % of intertidal area lost between 1954 and 2006 (Fontolan et al . 2012)
relative change 1n bottom depth between 1927 and 2002 (Sarretta et al .

coastline 2010), taking a variation of =0.75 m as minimum significant change

hydro % of area affected by interferences with the hydrographic regime
use aquaculture % of area covered by clam farming

fishery n° of traps km™

marinas n° of berths km™

port extent of ports
quality sedument mean Hazard Quotient (mHQ)

benthos M_AMBI mndex level (Muxika et al . 2007)

DIN ug L' of dissolved inorganic nitrogen

RP ng L of reactive phosphorous

Chl-a ug L of chlorophyll-a

DO % saturation of dissolved oxygen
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576  Table 2. Results of ANOVA (mean sq.) performed to compare the mean values of three Atherina boveri traits
577  (total length, total weight. condition factor), salinity and the total and indicators/pressures correlated with 4.

578  boyeri condition between the two sub-basins of Marano and Grado. Values 1n bold are significant for P = 0.03.

Lagoon Residuals
df  Mean sq. df  Meansq.
Total length 1 2.05 46 0.13
Total weight 1 2.01 46 013
Condition factor 1 0.03 46 0.01
Salinity 1 1248.80 46 31.30
Morpho 1 40.35 46 299
Use 1 48.00 46 238
Quality 1 0.27 46 0.07
Total pressures 1 0.14 46 097
Intertidal 1 3.00 46 848
Coastline 1 15.19 46 4.00
Hydro 1 180.19 46 11.01
Aquaculture 1 15.19 46 521
Fishery 1 147.00 46 202
Marina 1 27.00 46 12.39
Port 1 42.19 46 469
Sediment 1 3.00 46 1.50
Benthos 1 6.75 46 0.88
DIN 1 18920.00 46 566.00
RP 1 031 46 044
Chl-a 1 071 46 038
DO 1 279.29 46 54.37

579

24



580  Table 3. Results of the Spearman correlations for the condition factor of Athering boveri with salinity, the three
581  pressures and their indicators in the three years analysed in the two lagoons. Values used in the correlation

582  analysis are the average for each water body. Values in bold are sigmificant for P < 0.03.

Grado Marano

Kn  salinity Kn  salinity
Salinity 0.01 1.000  -0.60 1.000
Intertidal 038 0.119 -0.61 0.670
Coastline 038 0112 0.03 0.180
Hydro -0.42 0010 -0.41 0.368
Fishery 009 -0246 0.43  -0.409
Marina 027 0037 045 0.566
Benthos 026 -0222 012 0.168
DIN 0.45 0288 0.72  -0.612
RP 0.20 0.287 0.46  -0.465
DO 0.03 0.190  -0.60 0.445
Aquaculture 0.32 0.082 -033 0.265
Port 0.00 0137 045 0.566
Sediment 032 0.082 0.00 0.289
Chl-a -0.31 0.002 029 -0.419
Morphology  -0.34 -0.071  -0.59 0.6065
Use 012 0056 028 0319
Quality 024 0293 0.08 -0.055
Total 031 0041 048 0.523

583
584
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585  Table 4. Results of the mmltiple regression analysis performed among En and salimity and the
586  mdicators’pressures, taking into accoumt the two sub-basins of Marano and Grade. Values in bold are
587  sigmificant for P = 0.05.

588
Jarable df Meansqg E P

Hydro 1 0.101 11209 =0.05
Bp 1 0.023 2730 N&
Do 1 0.026 2832 NA&
Sub-basn 1 0.000 0000  NS&
Hiydro x sub-basin 1 0.001 0.143 N&
Bp x sub-basin 1 0.013 1617 N&
Eesiduals 41 0.009 0.009
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Appendix B

Degree of changes
Presaure Indicator Meazmure Very high | NOTE
Nochange (0) | Very low (1) | Low (3) Medinm (5) | High (7)
(9
% of intertidal area
lost between 1954 1% lost =1% & =5% | =3%é
TIntertidal Increase Mo change = 10% lost
and 2006 (Fontolan since 1850 [ lost 10 alost
etal, 2012)
relative change in
COASTLINE
bottom depth 5% of the
MOFPHOLOGICAL fixed in ime
between 1927 and coastline
CHANGE
2002 (Sarretta et No inpacted by | =5% & =30% & =607 &
Coastlme =007
al., 2010), takinga | development industrial or | =30% 60%% o0
vanation of £0.75 urban
m a5 mninmum activities
significant change

8




% of area affected

3% of the
by interferences
No intertidal and | ==35% and =10% and | ==20%
Hydro with the =4l
comstruction subtidal area | <10% 0% and =40%
hydrographic
affected
regime
No resource Verv high
Verylow (1) | Low (3) Medium (5) | High (7)
use (0) (9
1% of the
%% of area covered mierhidal and | =1% & =100 & =300 &
Aguaculture No fishfarming = 50%
by clam farming subtidal area | <10% 0% 50%
covered
10% of the
BESOURCE USE
No fishery surface of =10% & 0% & =60 & fixed in time
CHANGE Fisheries n° of traps kur? = 90%
activities WE affected | =30% 607 0%
b}. ﬁshel’}
=300 &
100 berths | =100 & =150 & =500
Marinas n° of berths ko No marina 500
In marina 150 berths | <300 berths berths
berths

29




Intensity of

300mof | =500 & =2 =3 &=10 | =10 kmof
port extent of ports No harbour 2&=3km
quays km km quays
developments
Very high
Very low (1) | Low (3) Medium (5) | High (T)
(@
More than
one
Maore prionity
More than
100% of Ome not than one | substance
one not One prionty
substances pricmty prionty | and one or
ENVIRONMENTAL sediment chemical prionity substance
below the EQS | substance substance | more than
QUALITY AND ITS | sediment status based on substance fails to fixed in time
(Envirommental | fails to fals to one not
PERCEPTION Decree 362000 fails to comply with
Cuality comply with comply | pronty
comply with | EQSs
Standard) EQSs with substance
EQSs
EQSs fail to
comply
with EQSs
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596

M_AMBI index Recovering
Severely
benthos level (Mhraka et Mommnal Nommal Mol or Modified fixed mn time
modified
al_, 2007) deteriorating
ug I of dissolved
DN pressure calculated as seasonal average of concentration on a monthly basis
IMOTZAnic Nifrogen
ug I of reactive
EP pressure calculated as seasonal average of concentrafion on a monthly basis
phosphorous
ug L' of
Chl-a pressure calculated as seasonal average of concentration on a monthly basis
chloroplyll-a
%a saturation of
DO pressure calculated as seasonal average of concentration on a monthly basis

dissolved oxygen
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