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Abstract 10 

 11 

1. Seagrass meadow degradation and loss is one of the major threats to fish biodiversity in coastal marine and 12 

lagoon ecosystems in the Mediterranean. Pipefishes and seahorses (family Syngnathidae) are particularly 13 

affected by loss of seagrass meadows and other structured habitats, on which they rely for survival and 14 

reproduction. Despite their charismatic appearance and peculiar behaviour, their habitat ecology is still poorly 15 

understood in Mediterranean coastal waters.  16 

2. This study focuses on syngnathid assemblage composition and diversity in the shallow waters of the Venice 17 

lagoon (Italy), aiming at highlighting habitat preferences and providing insights into the conservation of 18 

biodiversity in these ecosystems. Generalized Additive Models were used in order to disentangle the potential 19 

effect of habitat typologies and different architectures of seagrass meadows from that of other environmental 20 

parameters.  21 

3. Most abundant taxa and whole syngnathid assemblage indicators were positively associated with seagrass 22 

meadows. Only few species, however, were seagrass specialists in shallow waters, and preferred meadows 23 

with taller canopies.  24 

4. Despite that, other structured habitats including short-leaved seagrass meadows and macroalgal beds were 25 

important for some species and overall assemblage diversity.  26 
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5. Managers in Mediterranean coastal lagoons should thus limit human pressures that lead to the depletion of 1 

seagrass meadows, with particular attention to long- and broad-leaved species in less confined areas. 2 

Nevertheless, syngnathid assemblages would benefit from the preservation and restoration of the overall 3 

habitat diversity characterizing shallow waters in coastal lagoon.  4 

6. Future studies should aim at investigating the potential role of habitats at greater depths in supporting 5 

syngnathids. 6 

 7 
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 9 

 10 

1. Introduction 11 

 12 

With more than 600 marine fish taxa, accounting for  approximately 7% of the total world fish species, the 13 

Mediterranean Sea is a biodiversity hotspot (Abdul Malak et al., 2011). Coastal lagoons play a fundamental 14 

role in supporting fish biodiversity, acting for instance as nursery grounds for commercially important species 15 

and hosting taxa of conservation interest (Franco et al., 2006; Franco, Franzoi, & Torricelli, 2008; Quignard, 16 

1984). At the same time, these environments are also subjected to high and multiple human pressures (Elliott 17 

& Quintino, 2007; Marchand et al., 2002; Pérez-Ruzafa, Marcos, C., & Pérez-Ruzafa, 2011), with degradation 18 

and loss of seagrass meadows being one of the most significant threats for fish fauna (Franco, Riccato, 19 

Torricelli, & Franzoi, 2009; Vasconcelos et al., 2007). Seagrass meadows are declining at both local and global 20 

scales (Airoldi & Beck, 2007; Short et al., 2011; Waycott et al., 2009). This may severely damage marine 21 

biodiversity, including fishes, especially in ecosystems where meadows have limited distribution and serve as 22 

nursery habitat (Bertelli & Unsworth, 2014; Pihl et al., 2006). In this light, it is critical to acquire information 23 

on seagrass habitat characteristics that support fish biodiversity, in order to preserve both habitat and associated 24 

fauna.  25 

In the Venice lagoon (northern Adriatic Sea), the largest transitional water body in the Mediterranean, seagrass 26 

meadows (Cymodocea nodosa, Zostera marina and Z. noltei) have reduced during the last 30 years due to 27 
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multiple anthropogenic causes, such as the increase in nutrient inputs from the drainage basin and the sediment 1 

resuspension caused by the mechanized clam fishery and sediment dredging and disposal (Sfriso, Facca, 2 

Ceoldo, & Marcomini, 2005; Sfriso, Facca, & Marcomini, 2005). Despite the recovery of trophic status and 3 

the overall enhancement of ecological conditions in recent years, which is leading to the progressive 4 

recolonization by seagrasses in some areas, the distribution of Z. marina and Z. noltei is still very limited in 5 

the central and northern lagoon sub-basins (Curiel et al., 2014; Sfriso & Facca, 2007). 6 

The Venice lagoon ecosystem supports diversified fish communities thanks to a highly heterogeneous mosaic 7 

of habitats that includes seagrass meadows, saltmarshes, bare mud- and sandflats and macroalgal beds. 8 

Pipefishes and seahorses (family Syngnathidae) are a major feature of the fish biodiversity in this environment, 9 

and account for a large proportion of species density and diversity in seagrass meadows and other structured 10 

habitats in the Venice lagoon, as well as in other Mediterranean transitional waters (Campolmi, Sarà, Galioto, 11 

Baratta, & Franzoi, 1996; Franco et al., 2006; Franzoi, Maccagnani, Rossi, & Ceccherelli, 1993; Riccato et al., 12 

2003). Among the ten species of Mediterranean syngnathids, nine can be found in the Venice lagoon (Franzoi, 13 

Franco, & Torricelli, 2010), this being an ecosystem of primary importance for the conservation of this family. 14 

Two of the nine species are assessed as Near Threatened (NT) by IUCN at the Mediterranean scale, namely 15 

Hippocampus guttulatus (Pollom, 2016a) and H. hippocampus (Pollom, 2016b), and three species are Data 16 

Deficient (DD), including Syngnathus taenionotus (Allen, 2016), S. tenuirostris (Papakonstantinou et al., 17 

2016) and Nerophis maculatus (Wiswedel, 2016). Moreover, at the global scale, five of the species are assessed 18 

as DD, namely H. guttulatus (Woodall, 2012a), H. hippocampus (Woodall, 2012b), N. maculatus (Wiswedel, 19 

2015), S. taenionotus (Tunesi & Czembor, 2014) and S. tenuirostris (Papakonstantinou et al., 2014). Some 20 

species are also protected under European and international regulations. In particular, some species of the 21 

genus Hippocampus are strictly protected under the Convention on the Conservation of European Wildlife and 22 

Natural Habitats (Bern Convention), and their trade is regulated under the Convention on International Trade 23 

in Endangered Species of Wild Fauna and Flora (CITES: www.cites.org). However, the overall lack of 24 

information regarding habitat use, population dynamics and life history severely limits effective management 25 

actions towards syngnathid conservation (Vincent, Foster, & Koldewey, 2011). While there is a relatively 26 

larger amount of knowledge about some of the species in the Mediterranean, it is still not clear how and to 27 

what extent habitat loss may affect their populations (Freyhof, 2016; Ouyang & Pollom, 2016; Pollom, 2016a, 28 
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b). For instance, a better understanding of habitat requirements would benefit the assessment of the status of 1 

species like S. typhle and N. ophidion, for which the monitoring of habitat trends is regarded as a conservation 2 

priority (Pollom, 2016c, d). 3 

Syngnathids share some body adaptations as well as feeding and reproductive behaviours that make them 4 

highly specialized organisms (Ahnesjö & Craig, 2011). Most of them are cryptic species that live in highly 5 

structured coastal environments such as coral reefs, algal beds, kelps and seagrass meadows (Browne, Baker, 6 

& Connolly, 2008; Kuiter, 2000; Lourie, Vincent, & Hall, 1999). Together with their specific environmental 7 

requirements, their typically low mobility and slow reproductive rates could make syngnathids particularly 8 

sensitive to degradation or loss of their habitat (Vincent et al., 2011). Thanks to their unique appearance and 9 

behaviour, however, syngnathids are charismatic fish that may attract sympathy and help raise public 10 

awareness of biodiversity conservation in coastal environments. Therefore, they are sometimes regarded as 11 

effective flagship species, which could be used to select Marine Protected Areas and enhance the conservation 12 

of coexisting less charismatic taxa and associated habitats (Browne et al., 2008; Shokri, Gladstone, & Jelbart, 13 

2009). Despite that, no information is available regarding the potential use of syngnathids as flagships for the 14 

protection of seagrass meadows in Mediterranean coastal lagoons. Similarly, while some species exhibit a 15 

marked dependence on seagrass meadows for survival, growth and reproduction and many are considered to 16 

be highly sensitive to seagrass loss, syngnathids are rarely employed as indicators to assess habitat health, 17 

conservation status or restoration success in the Mediterranean (Deudero, Morey, Frau, Moranta, & Moreno, 18 

2008; Scapin, Zucchetta, Facca, Sfriso, & Franzoi, 2016). Investigating the meadow characteristics influencing 19 

their distribution could thus also help identify the species that are more sensitive to changes in seagrass habitat. 20 

The paper examines the role of habitat characteristics in affecting the distribution of syngnathids in the Venice 21 

lagoon shallow waters. It gathers observations on syngnathids distribution, environmental parameters and 22 

habitat characteristics collected during eight years of monitoring and research in the Venice lagoon, from 2002 23 

to 2014. Data from 186 sites were analysed. In particular, the objectives of the present work were to i) 24 

disentangle the influence of environmental characteristics and habitat features on the distribution and 25 

abundance of syngnathid assemblage; ii) highlight the dependence of these species on seagrass meadows with 26 

particular characteristics; and iii) find which habitat characteristics contribute most to supporting syngnathid 27 

species densities and diversity. This work would thus help coastal lagoon managers in prioritizing habitats for 28 
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conservation and provide some insights into the potential role of syngnathids as indicator and flagship species 1 

in these environments.   2 

 3 

 4 

2. Methods 5 

 6 

Study area 7 

The Venice lagoon is a large (approximately 550 km2) transitional water body located in the northern Adriatic 8 

Sea (Figure 1). It is connected to the sea by three sea inlets, and experiences a tidal range of ±0.50 m during 9 

spring tides (Umgiesser, Melaku canu, Cucco, & Solidoro, 2004). It is mostly composed of shallow water 10 

areas, with an average depth of 1.2 m (Molinaroli, Guerzoni, Sarretta, Cucco, & Umgiesser, 2007) and is 11 

characterized by high spatial and temporal variability in environmental conditions such as salinity, dissolved 12 

oxygen, turbidity, trophic status and sediment granulometry, these being driven by both natural processes and 13 

multiple anthropogenic pressures (Solidoro et al., 2010).  14 

 15 

Field data collection 16 

All sampling sites were located in water depth ranging between approximately 20 to 150 cm at the time of 17 

sampling. Following the methodology described in Franco et al. (2006), fish were collected during daylight 18 

hours by means of a small beach seine net of 10 m length, 2 m height and 2 mm knot-to-knot mesh size. 19 

Samplings (one to three replicates per site) were performed either in spring (April to June), summer (July to 20 

September) or autumn (October to December). 21 

Sampled fish were photographed on millimetre paper and then released. Only when necessary (e.g. larval and 22 

juvenile stages) and always excluding rare and endangered species, a representative subsample of fish was 23 

sacrificed with an excess of 2-phenoxyethanol, preserved in 8% buffered formaldehyde and subsequently 24 

identified in the laboratory. Fish were identified at the species level, and abundance (number of individuals) 25 

was recorded for each species at all sites. 26 
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Together with fish sampling, water temperature (°C), dissolved oxygen (percentage of saturation), salinity 1 

(PSU) and turbidity (FNU) were measured with a multi-parameter probe at each site. In addition, information 2 

on bottom characteristics was collected in each site. The presence of seagrass vegetation (i.e. epigeous parts 3 

of C. nodosa, Z. marina and Z. noltei) was recorded by visual census, and its relative coverage within the 4 

sampled area was estimated following the Braun-Blanquet method and subsequently expressed as percentage 5 

cover. Presence of macroalgae (mainly laminar Ulvaceae and branched Gracilariaceae and Soleriaceae) was 6 

also recorded by visual census. Finally, sediment granulometry (percentage of sand in the 10 cm surface layer) 7 

was associated to each sampling site from granulometry maps (ARPAV, 2012; MAG.ACQUE - SELC, 2005; 8 

MAG.ACQUE - THETIS, 2005). 9 

 10 

Data analysis 11 

Definition of habitat typologies 12 

Each sampling site was allocated to one of three habitat typologies, defined according to the main bottom cover 13 

recorded in the field. Substrata without any macroalgae or seagrass vegetation were classified as “bare 14 

substratum”. Substrata without seagrass vegetation but covered by macroalgae were classified as “macroalgal 15 

bed”. Finally, substrata characterized by presence of seagrasses, with or without macroalgae, were classified 16 

as “seagrass meadow”.  17 

Descriptive statistics 18 

Fish abundance data were standardized by area, in order to obtain comparable density measures (number of 19 

individuals · 100 m-2). A set of indicators based on the whole syngnathid assemblage were also calculated: 20 

total number of species, total density, species richness (Margalef’s index calculated on density), species 21 

diversity (Shannon’s index calculated on density) and species evenness (Pielou’s index calculated on density). 22 

Mean and standard deviation values for density of each species, as well as for all indicators, were calculated 23 

per habitat typology. 24 

Model calibration 25 

A model approach was adopted in order to study the effect of environmental descriptors on syngnathid 26 

distribution. Density was used as response variable for most abundant species, while presence/absence data 27 

were used for rarer species (i.e. those with a large proportion of zeros in dataset). Indicators of the whole 28 
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syngnathid assemblage were also considered as response variables. Species and indicators were independently 1 

modelled with Generalized Additive Models (GAMs; Hastie & Tibshirani, 1990; Wood, 2006). A negative 2 

binomial distribution was used to model response variables based on density, species richness and species 3 

diversity. A binomial distribution was chosen to model presence/absence data, while a zero-inflated Poisson 4 

distribution was used to model the number of species.  5 

Three categories of models were developed for each response variable separately, in order to test three different 6 

hypotheses on the contributions of predictor variables. Model categories were hierarchical, i.e. were built by 7 

progressively adding new predictors, to represent an increasing level of complexity. This allowed to explore 8 

the following a-priori hypotheses (Table 1): response variable is affected by seasonal factor alone (category 9 

m1); response variable is affected by environmental parameters when seasonal factor is already accounted for 10 

(category m2); response variable is affected by habitat characteristics, including habitat types and seagrass 11 

percentage cover, if seasonal factor and environmental parameters are already accounted for (category m3). 12 

Since the present study did not aim at investigating the temporal trends, potentially present in the dataset, we 13 

did not included the year of sampling in the model analysis. The possibility to include sampling year as a 14 

random factor in a Generalized Additive Mixed Model (GAMM) framework was also explored, but eventually 15 

not included in the analysis due to the relative homogeneity of residuals among years.  16 

Category m1 included only one model, while more than one GAM formulation was made for the others, 17 

resulting in a series of candidate alternative models for each category (Table 1). Category m2 was built by 18 

adding to category m1 either water physico-chemical parameters (m2.1), water depth and sediment 19 

granulometry (m2.2) or all such predictors together (m2.3). Category m3 was built by adding to category m2 20 

either habitat types (m3.1) or both habitat types and seagrass percentage cover (m3.2).  21 

Selection of best models 22 

For each response variable and starting from category m1, the best candidate model within each category was 23 

selected by using the Akaike Information Criterion (AIC; Burnham & Anderson, 2002) approach, choosing 24 

the model with the lower AIC value. In case of model comparisons  with an inadequate support for the 25 

identification of the best model (AIC difference lower than 2) the most parsimonious formulation (i.e. the 26 

model retaining less predictors) was selected. Then, each following category was built adding predictors to the 27 

best model selected from the preceding category. This stepwise procedure allowed to explore each hypothesis 28 
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formulated, by verifying if progressive addition of predictor terms would improve the overall fit of the model 1 

(Table 1).  2 

Following this method, the best model was selected for each response variable and results were interpreted. In 3 

particular, the sign (either positive, null or negative) and magnitude of the effect of presence of a specific 4 

habitat typology, as estimated by the best fitted GAMs, were used to interpret habitat influence on response 5 

variables.  6 

Effect of floral composition in seagrass meadows 7 

Seagrass morphological features (e.g. leaf and shoot length and width) determine the structural characteristics 8 

of meadow habitat (such as canopy height), hence they may influence habitat choice in cryptic species that 9 

mimic seagrass leaves or use them as holdfasts to feed and hide (Malavasi et al., 2007; Schultz, Kruschel, & 10 

Bakran-Petricioli, 2009). Thus, the potential effect of seagrass species composition was investigated for those 11 

species predicted with greater mean densities/probability of presence in seagrass meadows (i.e. whose best 12 

model belong to model category m3). The respective best GAMs were modified so that the three-level factor 13 

for habitat typology was replaced by a five-level factor, maintaining the “bare substratum” and “macroalgal 14 

bed” levels and adding “C. nodosa-meadow”, “Z. marina-meadow” and “Z. noltei-meadow” in replacement 15 

of “seagrass meadow” level, depending on the seagrass species dominating the habitat (in terms of percentage 16 

cover) in each sampling site. This allowed to test the hypothesis that each response variable is affected by 17 

habitat characteristics, including habitat/meadow types and seagrass percentage cover, if seasonal factor and 18 

environmental parameters are already accounted for (category m4; Table 1). 19 

 20 

 21 

. 22 

 23 

 24 

 25 

3. Results 26 
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 1 

Habitat types distribution  2 

A total of 579 observations were included in the fish and environmental dataset. The observations were 3 

relatively well distributed among habitat typologies, with seagrass meadows accounting for 37% of the records, 4 

bare substrata accounting for 36% and macroalgal beds for 27%. Within seagrass habitat, Z. noltei was found 5 

to be dominant in terms of percentage cover in 40% of observations (14% of the total), C. nodosa in 31% (11% 6 

of the total) and Z. marina in 29% (11% of total observations). 7 

 8 

Syngnathids distribution  9 

Overall, syngnathid species accounted, on average, for 47% of the total fish density and 39% of the total 10 

number of species sampled in seagrass meadows. In turn, they played a minor role in structuring the fish 11 

assemblage of both bare substrata and macroalgal beds. Syngnathids accounted on average for 3% of the total 12 

fish density and 14% of the total number of species in unvegetated habitats, and for 10% of the total fish 13 

density and 19% of the total number of species in macroalgal habitats. 14 

Nine species of syngnathids were caught in the Venice lagoon during the study period, including seven species 15 

of pipefishes (Nerophis maculatus, N. ophidion, Syngnathus abaster, S. acus, S. taenionotus, S. tenuirostris 16 

and S. typhle) and two species of seahorses (Hippocampus hippocampus and H. guttulatus). Six species were 17 

found in all three habitat typologies (all the species excluding S. acus, H. hippocampus and N. maculatus), and 18 

showed overall greater densities in seagrass meadows compared with other habitats (Figure 2). Three species 19 

were the most abundant, namely S. abaster, S. typhle and N. ophidion, which accounted for more than 80% of 20 

total syngnathid density in all habitats. 21 

All indicators based on the syngnathid assemblage varied markedly between seagrass meadows and other 22 

habitat types (Figure 2). On average, seagrass habitats were characterized by greater values of total density, 23 

total number of species Shannon’s diversity and Pielou’s evenness, while Margalef’s richness showed similar 24 

mean values between habitats.  25 

 26 

 27 

Habitat use by syngnathids 28 
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S. abaster, S. typhle and N. ophidion were the most abundant species in the syngnathid assemblage, hence their 1 

response to environmental conditions were modelled using density. In turn, presence/absence data were used 2 

to model the response of H. guttulatus, S. acus, S. taenionotus and S. tenuirostris. Due to the very few 3 

observations of both H. hippocampus and N. maculatus (n=2 and n=1 respectively), these species were 4 

excluded from further analyses. 5 

Importance of predictors for species 6 

Seasonal factor, physico-chemical descriptors and habitat characteristics were all included in best models 7 

explaining the distribution of five species of syngnathids in the Venice lagoon (Table 2). In particular, density 8 

of S. abaster, S. typhle and N. ophidion and presence/absence of H. guttulatus responded to both habitat 9 

typology and seagrass cover, when seasonal factor and physico-chemical descriptors were already taken into 10 

account (m3.2). In terms of physico-chemical descriptors, water parameters, water depth and sediment 11 

granulometry were all relevant for S. abaster, S. typhle and N. ophidion, while only water parameters were 12 

relevant for H. guttulatus. Similarly, presence/absence of S. acus responded to seasonal factor, physico-13 

chemical descriptors (water depth and sediment granulometry only) and habitat typology, while it was not 14 

affected by seagrass cover (m3.1). Conversely, presence/absence of S. taenionotus was affected only by 15 

seasonal factor and physico-chemical descriptors (including water parameters, water depth and sediment 16 

granulometry; m2.3), while presence/absence of S. tenuirostris was predicted by seasonal factor alone (m1). 17 

Importance of predictors for indicators 18 

According to the fitted GAMs (Table 2), the variability of all syngnathid assemblage indicators was explained 19 

by seasonal factor, physico-chemical descriptors and habitat characteristics (both habitat typology and seagrass 20 

cover) (m3.2). While all the considered physico-chemical descriptors (i.e. water parameters, water depth and 21 

sediment granulometry) explained total syngnathid density, total number of species and species richness, only 22 

water depth and sediment granulometry were included in the best models explaining species diversity and 23 

evenness. 24 
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Effects of physico-chemical parameters 1 

The selected models for the most common species S. abaster, S. typhle and N. ophidion all showed how sites 2 

with relatively higher salinity and located at greater depths support greater abundance densities of the species. 3 

Moreover, S. typhle and N. ophidion showed a positive response to coarser sediments. On the contrary, species 4 

like S. taenionotus showed a slightly negative relationship with salinity and depth, and a positive response to 5 

turbidity. Assemblage indicators responded more weakly to these physico-chemical parameters, with only 6 

Margalef’s species richness showing a marked positive relationship with salinity (see also Figure S1 and Figure 7 

S2 in Supplementary Materials). 8 

Habitat influence on syngnathids 9 

S. abaster was predicted with greater mean densities in both macroalgal beds and seagrass meadows, compared 10 

with bare substrata (Figure 3). However, standard errors associated to each effect did not allow to infer a 11 

preference for one or other of the two vegetated habitats, which seemed to have equivalent importance for this 12 

species. On the contrary, S. typhle and N. ophidion showed a marked preference for seagrass meadows 13 

compared with both unvegetated substrata and macroalgal beds (Figure 3). The effect of habitat typology on 14 

probability of presence of H. guttulatus and S. acus was characterized by large standard errors. However, an 15 

overall preference for seagrass meadows can be highlighted for H. guttulatus. In addition, it is interesting to 16 

note that macroalgal beds show a negative effect on both density of N. ophidion and probability of presence of 17 

H. guttulatus (Figure 3). 18 

A linear effect of seagrass percentage cover was found for mean density of both S. abaster and N. ophidion. 19 

Conversely, non-linear effects of vegetation cover were estimated for mean density of S. typhle and 20 

presence/absence of H. guttulatus (Figure 4). In particular, S. typhle showed a steeper response to the increase 21 

in seagrass percentage cover up to ca. 30%, while H. guttulatus showed a steeper response from 50 to 100% 22 

cover. 23 

According to the respective best models, greater mean values of total syngnathid density, number of species 24 

and species diversity are predicted in seagrass meadows compared with both bare substrata and macroalgal 25 

beds (Figure 3). Total density and number of species are also positively affected by the presence of macroalgal 26 

beds, compared with bare substrata. Regarding species richness, diversity and evenness, a negative effect of 27 

unvegetated substrata could be observed, compared with vegetated habitats on the whole (i.e. macroalgal beds 28 
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and seagrass meadows) (Figure 3). Within seagrass habitat, vegetation percentage cover had a positive linear 1 

effect on mean values of all indicators except for species evenness, which varied non- linearly and reached a 2 

plateau at approximately 40% of seagrass cover (Figure 4). 3 

Effect of floral composition in seagrass meadows 4 

Best models fitted for S. abaster, S. typhle, N. ophidion and H. guttulatus showed an overall positive effect of 5 

seagrass habitat on species distribution. Hence, the relative importance of each meadow typology for such 6 

species was investigated (Figure 5). S. typhle, N. ophidion and H. guttulatus all showed a similar response 7 

pattern to the presence of a particular meadow typology. They were all predicted with greater mean densities 8 

or probability of presence in meadows dominated by both C. nodosa and Z. marina, without marked differences 9 

between the two habitats (only N. ophidion showed a clear preference for C. nodosa) and meadows dominated 10 

by Z. noltei showing an overall less positive effect. In addition, all these species were negatively affected by 11 

the presence of both bare substrata and macroalgal beds when considering different meadow types in models, 12 

hence suggesting their avoidance of such habitats. In contrast, while a preference of  S. abaster for C. nodosa 13 

can be observed, the effects of Z. marina and Z. noltei meadows, as well as of macroalgal beds, were similar 14 

and positive, compared to bare substrata. 15 

 16 

 17 

 18 

 19 

 20 

 21 

 22 

 23 

 24 

 25 

 26 

 27 

 28 
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4. Discussion 1 

 2 

Linking syngnathids to their habitat in the Venice lagoon 3 

The present study showed that seagrass meadows in the Venice lagoon support significantly greater densities 4 

of common syngnathid species, total syngnathid densities and species richness compared with unvegetated 5 

areas and macroalgal dominated areas, thus confirming the overall importance of seagrasses for the family. In 6 

addition, a positive relationship with the increase in seagrass percentage cover was observed in these species 7 

as well as in all the assemblage indicators considered, Many studies have investigated the effect of meadow 8 

structure on seagrass fish. Bell and Westoby (1986) for instance, drawn similar conclusions to those reported 9 

here, suggesting the important role for Syngnathids of more mature and continuous meadows. Indeed, they 10 

found that Hippocampus whitei and Syngnathus margaritifer responded negatively to a reduction in seagrass 11 

density in Posidonia australis and Zostera capricorni meadows.  12 

This study highlighted that the variability in floral composition of seagrass meadows influences syngnathid 13 

distribution. Seagrass species composition determines some fundamental characteristics of meadow 14 

architecture such as canopy height, leaf and shoot densities as well as leaf width, which could consequently 15 

affect the availability of suitable microhabitats for syngnathids (Hyndes, Kendrick, MacArthur, & Stewart, 16 

2003; Malavasi et al., 2007). In the Venice lagoon, Z. marina and C. nodosa meadows are usually characterized 17 

by taller canopies and larger leaves compared with meadows dominated by Z. noltei, which in turn show the 18 

highest shoot densities (Sfriso & Ghetti, 1998). S. typhle and N. ophidion in particular, appeared to avoid non-19 

seagrass habitats and have a preference for tall canopy meadows dominated by either C. nodosa or Z. marina. 20 

Longer and broader leaves could enhance the crypsis in the relatively large and broad-nosed S. typhle (Jackson, 21 

Attrill, & Jones, 2006; Malavasi et al., 2007; Steffe, Westoby, & Bell, 1989), which assumes a vertical posture 22 

in order to locate and capture their prey among seagrass leaves. Similarly N. ophidion, which often entwines 23 

seagrass leaves and explores the surroundings in search of prey, may need longer and more robust leaves for 24 

physical support, as already suggested by Malavasi et al. (2007).  25 
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H. guttulatus was not abundant in shallow waters, probably preferring deeper and more stable environments 1 

such as subtidal meadows and other hard substrata at greater depths (Gristina et al., 2017). Despite being 2 

relatively uncommon, this species resulted associated with tall and spatially continuous seagrass habitats. 3 

 4 

Macroalgal beds are actively avoided by Nerophis and Hippocampus species in the shallow waters of the 5 

Venice lagoon. While macroalgae may host great densities of invertebrate prey and serve as habitat for some 6 

syngnathid species (Polte & Buschbaum, 2008), they usually lack structures that are robust enough to serve as 7 

holdfast, especially in the case of laminar Ulvaceae. Unlike Nerophis and Hippocampus, Syngnathus species 8 

are not provided with prehensile tail and do not need to grasp or entwine holdfasts, showing instead an active 9 

swimming behaviour for most of the time. For this reason, also macroalgae may be selected as habitat by 10 

Syngnathus species. 11 

 In particular for S. abaster, macroalgal beds serve as a suitable habitat, possibly due to the increased chance 12 

to feed on associated fauna and to hide from predators. S. abaster is a common component of fish assemblages 13 

of the Italian coastal lagoons, and it is found in a variety of habitat typologies including macroalgae (Campolmi 14 

et al., 1996; Franco et al., 2006; Franzoi et al., 1993; Riccato et al., 2003). The differences in seagrass 15 

association between S. abaster, S. typhle and N. ophidion shown in the present study highlighted the more 16 

generalist behaviour in habitat choice of S. abaster compared to S. typhle and N. ophidion, which in turn appear 17 

to be seagrass specialists.  18 

Unlike other syngnathids in the Venice lagoon, S. taenionotus feeds almost exclusively on zooplankton 19 

(Franzoi et al., 1993); hence, the less strict association with any particular habitat that was highlighted in the 20 

present study might increase the foraging efficiency in the water column. This species is indeed documented 21 

to live in Northern Adriatic lagoons on seagrass meadows, bare mud- and sand-flats and within drifting 22 

macroalgae (Franco et al., 2006; Franzoi et al., 1993). Similarly, other syngnathid species modelled in this 23 

study did not show any clear response to habitat typology, probably due to their relatively scarce presence in 24 

shallow water environments, due to their preference for other habitat types. As regarding the two species of 25 

Hippocampus, Curtis and Vincent (2005) suggest that H. hippocampus tends to use bare sandy bottoms and 26 

hard biogenic structures, while Caldwell and Vincent (2012) highlighted the preference of H. hippocampus for 27 

slightly deeper water (>3m) and habitats with high current speed. 28 
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 1 

 2 

 3 

Implications for species and habitat conservation 4 

Alterations of lagoon morphology, including habitat loss, and deterioration of water and sediment quality are 5 

currently the major factors of human-induced change in the Venice lagoon (Curiel et al., 2014; Molinaroli et 6 

al., 2009; Sarretta et al., 2010; Sfriso & Facca, 2007; Solidoro et al., 2010), which can have a negative effect 7 

on fish fauna (Franco et al., 2009; Zucchetta et al., 2016). Traditional fishing activities in the shallow waters 8 

of the lagoon at the present level of effort can be considered not harmful for syngnathids, since these species 9 

have no commercial value and levels of by-catch are usually very low (Zucchetta et al., 2016). In turn, it can 10 

be argued that habitat loss is the biggest threat to syngnathids in the Venice lagoon, as well as in other coastal 11 

waters around the world (Curtis & Vincent, 2005; Harasti et al., 2014; Lim et al., 2011; Pihl et al., 2006; 12 

Vincent et al., 2011).  13 

Loss of aquatic angiosperms has been reported from coastal lagoons throughout the Mediterranean (Viaroli et 14 

al., 2008 and citations therein), and particularly in the North Adriatic since the mid 1970s, where transitional 15 

water ecosystems faced important regime shifts from benthic macrophytes- to phytoplankton-dominated 16 

conditions (Curiel et al., 1998; Piccoli, 1998; Sfriso & Facca, 2007; Viaroli et al., 2006). Since the early works 17 

describing its trophic conditions and floral assemblages (Vatova, 1940), the Venice lagoon has experienced 18 

some marked decrease in the overall surface occupied by C. nodosa, Z. marina and Z. noltei meadows (Curiel 19 

et al., 2014; Sfriso & Facca, 2007), although their distribution is highly dynamic and characterized by 20 

significant interannual variations (Rismondo & Mion, 2008). Populations of Z. marina and Z. noltei have been 21 

the most affected by eutrophication, macroalgal blooms and perturbation of sediments (Sfriso, Facca, Ceoldo, 22 

et al., 2005; Sfriso, Facca, & Marcomini, 2005; Solidoro et al., 2010), showing an overall decline in the 23 

northern and central sub-basins at least since the 1990s  (Curiel et al., 2014).  24 

In this context, populations of S. typhle, N. ophidion and H. guttulatus in the Venice lagoon may be the most 25 

damaged by fragmentation and loss of C. nodosa and Z. marina meadows, due to their strong association with 26 

this habitat. Other syngnathids, such as S. abaster, could also be directly affected by an overall loss of suitable 27 

habitat, as well as a number of other fish species of conservation and commercial value that are strongly 28 
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associated with seagrasses in this ecosystem (Franco et al., 2006; Franzoi et al., 2010; Scapin et al., 2016). The 1 

indirect consequences of habitat loss, however, may be difficult to predict, and reach also species that do not 2 

rely directly on meadows, since the degradation of this habitat could alter the whole nutrient and detritus chains 3 

on which all fish species and the entire ecosystem is based (Vizzini et al., 2002; Vizzini & Mazzola, 2004).  4 

Seagrass meadows composed of long- and broad-leaved species are known to provide more substantial and a 5 

wider variety of ecosystem services compared with meadows dominated by small species (Nordlund, Koch, 6 

Barbier, & Creed, 2016). As the present work highlighted, the long- and broad-leaved C. nodosa and Z. marina 7 

also support greater densities of seagrass specialist syngnathid taxa in the Venice lagoon, in particular in less 8 

confined areas subjected to a greater influence of the sea. Managers in Mediterranean coastal lagoons should 9 

then regard the reduction of human pressures that lead to the depletion of these meadow typologies as a priority 10 

in ecological conservation. Ad hoc measures may include the limitation of direct pressures and impacts, such 11 

as anchoring practices or other disturbance that cause the mechanical destruction of meadows, but a more 12 

comprehensive coastal planning approach should be followed, in order to prevent alterations to the morphology 13 

and hydrodynamics of shallow water areas at the ecosystem scale (McCloskey & Unsworth, 2015). 14 

Furthermore, actions aiming at restoring meadow structure and functionality for syngnathids should be 15 

promoted in these ecosystems (Scapin et al. 2016). While continuous and well structured meadows (e.g. those 16 

successfully restored) are able to support overall greater densities of species such as N. ophidion and H. 17 

guttulatus, early restoration stages, which may be characterized by lower seagrass densities, could be more 18 

important for species such as S. abaster and S. typhle, as well as for the overall syngnathid species diversity 19 

and evenness, which all appear to be less affected by seagrass percentage cover. This, while highlighting the 20 

importance of seagrass population dynamics and diversity for associated fish, also confirms that different levels 21 

of seagrass restoration success would determine significant differences in the associated syngnathid 22 

assemblages. 23 

Syngnathids are usually considered one of the most typical fish groups associated with seagrass meadows, and 24 

are subsequently viewed as one of the flagships of this habitat. However, as this study demonstrates, different 25 

syngnathid species can coexist in highly heterogeneous ecosystems such as coastal lagoons by selecting 26 

different habitats, according to the specific adaptations. In the Venice lagoon shallow waters, of the nine 27 

species recorded only S. typhle and N. ophidion are truly seagrass specialists, and may serve as suitable 28 
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flagships for C. nodosa and Z. marina meadows. Any initiative aiming at raising the public attention on 1 

seagrass conservation in Mediterranean coastal lagoons could hence adopt such species as iconic 2 

representatives of a threatened habitat and its associated fauna; both S. typhle and N. ophidion are easily 3 

identifiable organisms, which could easily play this role. In addition to the flagship function, because of their 4 

strong association with particular seagrass meadow typologies, it is suggested that such species could also be 5 

employed as sensitive indicators of the conservation status of these habitats in the Mediterranean, e.g. by 6 

monitoring attributes of population structure (Pollom, 2016c, d). H. guttulatus, while being associated with 7 

tall and highly structured meadows as well, accounts for a very small proportion of the overall catches of 8 

syngnathids in the shallow waters of the Venice lagoon, and conversely could represent a key feature of fish 9 

assemblages in other structured habitats at greater depths, as suggested by other studies (Gristina et al., 2014, 10 

2017). For this reason, despite the obviously charismatic function of this species, it may not be as effective a 11 

flagship for shallow water seagrass meadows as S. typhle and N. ophidion.  12 

A monitoring programme of fish assemblages is currently ongoing in the northern sub-basin of the Venice 13 

lagoon, which is revealing early signals of re-colonisation of shallow water habitats by one of the identified 14 

seagrass specialists, namely S. typhle. These preliminary findings, although not yet confirmed by numerical 15 

analyses, are probably linked to the reinstatement of Z. marina meadows currently observed in the area, as a 16 

consequence of both natural dynamics and restoration (Facca et al., 2014; Scapin et al., 2016). The presence 17 

of S. typhle within an area that was subjected during the last decades to extensive seagrass loss suggests that 18 

the conservation status of meadows in the northern part of the Venice lagoon ecosystem is now starting to 19 

recover. Specifically designed studies are however needed, in order to quantify the rates of such recovery in 20 

terms of both seagrass habitat development and syngnathid populations enhancement. 21 

 22 

Future goals of research and conservation 23 

Of the nine species recorded in the lagoon, only three (S. abaster, S. typhle and N. ophidion) are very abundant 24 

and frequent in shallow waters, with a fourth one (H. guttulatus) being relatively frequent but found with lower 25 

densities. It is therefore urgent to investigate the role of other lagoon habitats, such as seagrass meadows, 26 

oyster reefs and other hard substrata located at greater depths, which could possibly play a role in supporting 27 

syngnathid species that are only occasionally found in shallower environments. Indeed, deep estuarine 28 
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environments have been proven to be important yet poorly known fish habitats elsewhere (Bradley, Baker, & 1 

Sheaves, 2016), and in particular for some syngnathids such as the genus Hippocampus (Caldwell & Vincent, 2 

2012; Curtis & Vincent, 2005; Gristina et al., 2017, 2014). 3 

Despite the primary importance of seagrass meadows for syngnathids in Mediterranean coastal lagoon shallow 4 

waters, future studies should focus on investigating the attributes of syngnathid assemblages in deeper lagoon 5 

areas, in order to understand the habitat characteristics affecting their distribution and provide more 6 

comprehensive and effective management tools towards their conservation. 7 

Given the strong relationship between S. typhle and N. ophidion and well structured, mature meadows, they 8 

could be considered indicators of the seagrass fish assemblage, as well as the seagrass habitat itself. Hence, 9 

the collection of data on population structure of these species should be considered, in order to detect possible 10 

impacts on syngnathids population and seagrass fish assemblage more in general, providing insights into the 11 

conservation status of Mediterranean coastal lagoons. These surveys could be standardised and incorporated 12 

in periodic sampling programmes of fish assemblages, such as surveillance monitoring under the Water 13 

Framework Directive (2000/60/EC) and purposely designed surveys under the Habitat Directive (92/43/EEC). 14 

Such monitoring protocols based on seagrass indicator species could then be adopted in other transitional water 15 

environments in the Mediterranean. 16 

 17 

5. Acknowledgments 18 

This study was partially funded by the Italian Ministry of Education, Universities and Research (PRIN grant 19 

2009W2395), by Corila (Consorzio Ricerche Lagunari) and by the local water authority Provveditorato 20 

Interregionale alle OO. PP. del Veneto- Trentino Alto Adige – Friuli Venezia Giulia. 21 

 22 

 23 

 24 

 25 

 26 

 27 



Published version: Aquatic Conserv: Mar Freshw Ecosyst. 2018;28:282–295.  
DOI: 10.1002/aqc.2860 
 

 1 

 2 

6. References 3 

Abdul Malak, D., Livingstone, S. R., Pollard, D., Polidoro, B. A., Cuttelod, A., Bariche, M., … Tunesi, L. 4 

(2011). Overview of the conservation status of the marine fishes of the Mediterranean Sea. Gland, 5 

Switzerland and Malaga, Spain: IUCN. vii + 61pp. Retrieved from 6 

http://books.google.com/books?hl=en&lr=&id=XD0Q7qHOkEwC&oi=fnd&pg=PR5&dq=Overview+7 

of+the+conservation+status+of+the+marine+fishes+of+the+mediterranean+sea&ots=B9fagcv1f5&sig=8 

KHOkRF623Q_HvQkO9HTxl-_yLLY 9 

Ahnesjö, I., & Craig, J. F. (2011). The biology of Syngnathidae: Pipefishes, seadragons and seahorses. Journal 10 

of Fish Biology, 78(6), 1597–1602. http://doi.org/10.1111/j.1095-8649.2011.03008.x 11 

Airoldi, L., & Beck, M. W. (2007). Loss , Status and Trends for Coastal Marine Habitats of Europe. 12 

Oceanography and Marine Biology, 45, 345–405. http://doi.org/Book_Doi 10.1201/9781420050943 13 

Allen, D. J. (2016). Syngnathus taenionotus. The IUCN Red List of Threatened Species 2016: 14 

e.T194903A91122760. http://dx.doi.org/10.2305/IUCN.UK.2016-1.RLTS.T194903A91122760.en. 15 

Downloaded on 24 January 2017. 16 

ARPAV. (2012). Piano di monitoraggio dei corpi idrici della laguna di Venezia finalizzato alla definizione 17 

dello stato ecologico, ai sensi della direttiva 2000/60/CE. Relazione Finale. 18 

Bell, J. D., & Westoby, M. (1986). Importance of local changes in leaf height and density to fish and decapods 19 

associated with seagrasses. Journal of Experimental Marine Biology and Ecology, 104, 249–274. 20 

Bertelli, C. M., & Unsworth, R. K. F. (2014). Protecting the hand that feeds us: seagrass (Zostera marina) 21 

serves as commercial juvenile fish habitat. Marine Pollution Bulletin, 83(2), 425–9. 22 

http://doi.org/10.1016/j.marpolbul.2013.08.011 23 

Bradley, M., Baker, R., & Sheaves, M. (2016). Hidden Components in Tropical Seascapes: Deep-Estuary 24 

Habitats Support Unique Fish Assemblages. Estuaries and Coasts, 1–12. http://doi.org/10.1007/s12237-25 

016-0192-z 26 

Browne, R. K., Baker, J. L., & Connolly, R. M. (2008). Syngnathids: Seadragons, Seahorses, and Pipefishes 27 



Published version: Aquatic Conserv: Mar Freshw Ecosyst. 2018;28:282–295.  
DOI: 10.1002/aqc.2860 
 

of Gulf St Vincent. In Royal Society of South Australia (Ed.), Natural History of Gulf St Vincent (pp. 1 

162–176). Retrieved from http://www98.griffith.edu.au/dspace/handle/10072/23973 2 

Burnham, K. P., & Anderson, D. R. (2002). Model Selection and Multimodel Inference: A Practical 3 

Information-Theoretic Approach (2nd ed.). Springer-Verlag, Berlin. 4 

Caldwell, I. R., & Vincent, A. C. J. (2012). Revisiting two sympatric european seahorse species: Apparent 5 

decline in the absence of exploitation. Aquatic Conservation: Marine and Freshwater Ecosystems, 22(4), 6 

427–435. http://doi.org/10.1002/aqc.2238 7 

Campolmi, M., Sarà, G., Galioto, A., Baratta, D., & Franzoi, P. (1996). Indagine sulla comunità ittica riparia 8 

di una laguna costiera mediterranea, durante cicli nictemerali di campionamento. Biologia Marina 9 

Mediterranea, 3(1), 499–500. 10 

Cucco, A., & Umgiesser, G. (2002). Modelling the water exchanges between the Venice Lagoon and the 11 

Adriatic Sea. In P. Campostrini (Ed.), Scientific Research and Safeguarding of Venice, Venice, Corila 12 

Research: Program 2001 results (p. 499e514). La Garangola, Padova. 13 

Curiel, D., Checchin, E., Miotti, C., Pierini, A., & Rismondo, A. (2014). Praterie a fanerogame marine della 14 

laguna di Venezia - aggiornamento cartografico al 2010 e confronto storico. Lavori Soc. Ven. Sc. Nat., 15 

39, 55–66. 16 

Curiel, D., Grim, F., Orel, G., & Solazzi, A. (1998). Aspetti dei popolamenti fitobentonici delle lagune di 17 

Grado e Marano. Bollettino Del Museo Civico Di Storia Naturale Di Venezia, 48, 225–235. 18 

Curtis, J. M. R., & Vincent, A. C. J. (2005). Distribution of sympatric seahorse species along a gradient of 19 

habitat complexity in a seagrass-dominated community. Marine Ecology Progress Series, 291, 81–91. 20 

http://doi.org/10.3354/meps291081 21 

Deudero, S., Morey, G., Frau, A., Moranta, J., & Moreno, I. (2008). Temporal trends of littoral fishes at deep 22 

Posidonia oceanica seagrass meadows in a temperate coastal zone. Journal of Marine Systems, 70(1–2), 23 

182–195. http://doi.org/10.1016/j.jmarsys.2007.05.001 24 

Elliott, M., & Quintino, V. (2007). The Estuarine Quality Paradox, Environmental Homeostasis and the 25 

difficulty of detecting anthropogenic stress in naturally stressed areas. Marine Pollution Bulletin, 54(6), 26 

640–5. http://doi.org/10.1016/j.marpolbul.2007.02.003 27 

Facca, C., Bonometto, A., Boscolo, R., Buosi, A., Parravicini, M., Siega, A., … Sfriso, A. (2014). Coastal 28 



Published version: Aquatic Conserv: Mar Freshw Ecosyst. 2018;28:282–295.  
DOI: 10.1002/aqc.2860 
 

Lagoon Recovery By Seagrass Restoration. A New Strategic Approach To Meet HD & WFD Objectives. 1 

In Proceedings of the 9th European Conference on Ecological Restoration. Oulu, Finland, 3-8 August 2 

2014. 3 

Franco, A., Franzoi, P., Malavasi, S., Riccato, F., Torricelli, P., & Mainardi, D. (2006). Use of shallow water 4 

habitats by fish assemblages in a Mediterranean coastal lagoon. Estuarine, Coastal and Shelf Science, 5 

66(1–2), 67–83. http://doi.org/10.1016/j.ecss.2005.07.020 6 

Franco, A., Franzoi, P., & Torricelli, P. (2008). Structure and functioning of Mediterranean lagoon fish 7 

assemblages: A key for the identification of water body types. Estuarine, Coastal and Shelf Science, 8 

79(3), 549–558. http://doi.org/10.1016/j.ecss.2008.05.011 9 

Franco, A., Riccato, F., Torricelli, P., & Franzoi, P. (2009). Fish assemblage response to environmental 10 

pressures in the Venice lagoon. Transitional Waters Bulletin, 3(1), 29–44. 11 

http://doi.org/10.1285/i1825229Xv3n1p29 12 

Franzoi, P., Franco, A., & Torricelli, P. (2010). Fish assemblage diversity and dynamics in the Venice lagoon. 13 

Rendiconti Lincei, 21(3), 269–281. http://doi.org/10.1007/s12210-010-0079-z 14 

Franzoi, P., Maccagnani, R., Rossi, R., & Ceccherelli, V. U. (1993). Life cycles and feeding habits of 15 

Syngnathus taenionotus and S. abaster (Pisces, Syngnathidae) in a brackish bay of the Po River Delta 16 

(Adriatic Sea). Marine Ecology Progress Series, 97(1), 71–81. http://doi.org/10.3354/meps097071 17 

Freyhof, J. (2016). Syngnathus abaster. The IUCN Red List of Threatened Species 2016: e.T21257A90911755. 18 

Downloaded on 24 January 2017. 19 

Gristina, M., Cardone, F., Carlucci, R., Castellano, L., Passarelli, S., & Corriero, G. (2014). Abundance, 20 

distribution and habitat preference of Hippocampus guttulatus and Hippocampus hippocampus in a semi-21 

enclosed central Mediterranean marine area. Marine Ecology, (November), 57–66. 22 

http://doi.org/10.1111/maec.12116 23 

Gristina, M., Cardone, F., Desiderato, A., Mucciolo, S., Lazic, T., & Corriero, G. (2017). Habitat use in 24 

juvenile and adult life stages of the sedentary fish Hippocampus guttulatus. Hydrobiologia, 784(1), 9–25 

19. http://doi.org/10.1007/s10750-016-2818-3 26 

Harasti, D., Martin-Smith, K., & Gladstone, W. (2014). Ontogenetic and sex-based differences in habitat 27 

preferences and site fidelity of White’s seahorse Hippocampus whitei. Journal of Fish Biology, 28 



Published version: Aquatic Conserv: Mar Freshw Ecosyst. 2018;28:282–295.  
DOI: 10.1002/aqc.2860 
 

(November 2015), 1–16. http://doi.org/10.1111/jfb.12492 1 

Hastie, T. J., & Tibshirani, R. J. (1990). Generalized Additive Models. Chapman & Hall. 2 

Hyndes, G. A., Kendrick, A. J., MacArthur, L. D., & Stewart, E. (2003). Differences in the species-and size-3 

composition of fish assemblages in three distinct seagrass habitats with differing plant and meadow 4 

structure. Marine Biology, 142, 1195–1206. http://doi.org/10.1007/s00227-003-1010-2 5 

Jackson, E. L., Attrill, M. J., & Jones, M. B. (2006). Habitat characteristics and spatial arrangement affecting 6 

the diversity of fish and decapod assemblages of seagrass (Zostera marina) beds around the coast of 7 

Jersey (English Channel). Estuarine, Coastal and Shelf Science, 68(3–4), 421–432. 8 

http://doi.org/10.1016/j.ecss.2006.01.024 9 

Kuiter, R. H. (2000). Seahorses, pipefishes and their relatives. A comprehensive guide to Syngnathiformes. 10 

Chorleywood, UK: TMC Publishing. 11 

Lim, A. C. O., Chong, V. C., Wong, C. S., & Choo, C. K. (2011). Diversity, habitats and conservation threats 12 

of syngnathid (Syngnathidae) fishes in Malaysia. Tropical Zoology, 24(2), 193–222. http://doi.org/10460 13 

Lourie, S. A., Vincent, A. C. J., & Hall, H. J. (1999). Seahorses: an identification guide to the world’s species 14 

and their conservation. London, UK: Project Seahorse. 15 

Magistrato alle Acque di Venezia (ora Provveditorato Interregionale alle OO. PP. del Veneto - Trentino Alto 16 

Adige - Friuli Venezia Giulia) - Selc. (2005). Studio B.12.3/III. La funzionalità dell’ambiente lagunare 17 

attraverso rilievi delle risorse alieutiche, dell’avifauna e dell’ittiofauna. Erodibilità del fondale e fattori 18 

di disturbo: Rilievi dell’erodibilità del fondale. Rapporto intermedio. 19 

Magistrato alle Acque di Venezia (ora Provveditorato Interregionale alle OO. PP. del Veneto - Trentino Alto 20 

Adige - Friuli Venezia Giulia) - Thetis. (2005). Programma generale delle attività di approfondimento 21 

del quadro conoscitivo di riferimento per gli interventi ambientali. 2° stralcio triennale (2003-2006) 22 

“Progetto ICSEL”. Attività A. 23 

Malavasi, S., Franco, A., Riccato, F., Valerio, C., Torricelli, P., & Franzoi, P. (2007). Habitat selection and 24 

spatial segregation in three pipefish species. Estuarine, Coastal and Shelf Science, 75(1–2), 143–150. 25 

http://doi.org/10.1016/j.ecss.2007.02.022 26 

Marchand, J., Codling, I., Drake, P., Elliott, M., Pihl, L., & Rebelo, J. (2002). Environmental Quality of 27 

Estuaries. In M. Elliott & K. L. Hemingway (Eds.), Fishes in Estuaries (pp. 322–409). Blackwell 28 



Published version: Aquatic Conserv: Mar Freshw Ecosyst. 2018;28:282–295.  
DOI: 10.1002/aqc.2860 
 

Publishing Ltd. 1 

McCloskey, R. M., & Unsworth, R. K. F. (2015). Decreasing seagrass density negatively influences associated 2 

fauna. PeerJ, 3(May), e1053. http://doi.org/10.7717/peerj.1053 3 

Molinaroli, E., Guerzoni, S., Sarretta, A., Cucco, A., & Umgiesser, G. (2007). Links between hydrology and 4 

sedimentology in the Lagoon of Venice, Italy. Journal of Marine Systems, 68(3–4), 303–317. 5 

http://doi.org/10.1016/j.jmarsys.2006.12.003 6 

Molinaroli, E., Guerzoni, S., Sarretta, A., Masiol, M., & Pistolato, M. (2009). Thirty-year changes (1970 to 7 

2000) in bathymetry and sediment texture recorded in the Lagoon of Venice sub-basins, Italy. Marine 8 

Geology, 258(1–4), 115–125. http://doi.org/10.1016/j.margeo.2008.12.001 9 

Nordlund, L. M., Koch, E. W., Barbier, E. B., & Creed, J. C. (2016). Seagrass ecosystem services and their 10 

variability across genera and geographical regions. PLoS ONE, 11(10), 1–23. 11 

http://doi.org/10.1371/journal.pone.0163091 12 

Ouyang, L., & Pollom, R. (2016). Syngnathus acus. The IUCN Red List of Threatened Species 2016: 13 

e.T198765A90916049. Downloaded on 24 January 2017. 14 

Papakonstantinou, C., Golani, D., Palmeri, A., Tunesi, L., Keskin, Ç., & Czembor, C. A. (2014). Syngnathus 15 

tenuirostris. The IUCN Red List of Threatened Species 2014: e.T194904A51319989. 16 

Papakonstantinou, C., Golani, D., Palmeri, A., Tunesi, L., Keskin, Ç., & Czembor, C. A. (2016). Syngnathus 17 

tenuirostris. The IUCN Red List of Threatened Species 2016: e.T194904A90921899. Downloaded on 24 18 

January 2017. 19 

Pérez-Ruzafa, A., Marcos, C., & Pérez-Ruzafa, I. M. (2011). Mediterranean coastal lagoons in an ecosystem 20 

and aquatic resources management context. Physics and Chemistry of the Earth, 36(5–6), 160–166. 21 

http://doi.org/10.1016/j.pce.2010.04.013 22 

Piccoli, F. (1998). Presente e passato della vegetazione delle Valli di Comacchio. In Risanamento e tutela delle 23 

Valli di Comacchio fra conservazione ambientale e valorizzazione produttiva. In Risanamento e tutela 24 

delle Valli di Comacchio fra conservazione ambientale e valorizzazione produttiva. Laguna 5/98 (suppl): 25 

16–23. 26 

Pihl, L., Baden, S., Kautsky, N., Rönnbäck, P., Söderqvist, T., & Wennhage, H. (2006). Shift in fish 27 

assemblage structure due to loss of seagrass Zostera marina habitats in Sweden. Estuarine, Coastal and 28 



Published version: Aquatic Conserv: Mar Freshw Ecosyst. 2018;28:282–295.  
DOI: 10.1002/aqc.2860 
 

Shelf Science, 67(1–2), 123–132. http://doi.org/10.1016/j.ecss.2005.10.016 1 

Pollom, R. (2016a). Hippocampus guttulatus. The IUCN Red List of Threatened Species 2016: 2 

e.T41006A90859949. Downloaded on 24 January 2017. 3 

Pollom, R. (2016b). Hippocampus hippocampus. The IUCN Red List of Threatened Species 2016: 4 

e.T10069A90866381. Downloaded on 24 January 2017. 5 

Pollom, R. (2016c). Nerophis ophidion. The IUCN Red List of Threatened Species 2016: 6 

e.T198764A90906820. Downloaded on 24 January 2017. 7 

Pollom, R. (2016d). Syngnathus typhle. The IUCN Red List of Threatened Species 2016: 8 

e.T198767A90923410. Downloaded on 24 January 2017. 9 

Polte, P., & Buschbaum, C. (2008). Native pipefish Entelurus aequoreus are promoted by the introduced 10 

seaweed Sargassum muticum in the northern Wadden Sea, North Sea. Aquatic Biology, 3(1), 11–18. 11 

http://doi.org/10.3354/ab00071 12 

Quignard, J. P. (1984). Les caracteristiques biologiques et environmentales des lagunes en tant que base 13 

biologique de l’amenagement des pecheries. In J. M. Kapetsky & G. Lasserre (Eds.), Management of 14 

Coastal Lagoon Fisheries (pp. 3–38). Rome: FAO Studies and Reviews 61. 15 

Riccato, F., Fiorin, R., Franco, A., Franzoi, P., Libertini, A., Pranovi, F., & Torricelli, P. (2003). Population 16 

structure and reproduction of three pipefish species (Pisces, Syngnathidae) in a sea grass meadow of the 17 

Venice lagoon. Biologia Marina Mediterranea, 10(2), 138–145. 18 

Rismondo, A., & Mion, D. (2008). Variabilità dei popolamenti a fanerogame marine in laguna di Venezia: 19 

dinamismi naturali o modificazioni indotte? Biologia Marina Mediterranea, 15(1), 130–133. 20 

Sarretta, A., Pillon, S., Molinaroli, E., Guerzoni, S., & Fontolan, G. (2010). Sediment budget in the Lagoon of 21 

Venice, Italy. Continental Shelf Research, 30(8), 934–949. http://doi.org/10.1016/j.csr.2009.07.002 22 

Scapin, L., Zucchetta, M., Facca, C., Sfriso, A., & Franzoi, P. (2016). Using fish assemblage to identify success 23 

criteria for seagrass habitat restoration. Web Ecology, 16, 33–36. http://doi.org/10.5194/we-16-33-2016 24 

Schultz, S. T., Kruschel, C., & Bakran-Petricioli, T. (2009). Influence of seagrass meadows on predator-prey 25 

habitat segregation in an Adriatic lagoon. Marine Ecology Progress Series, 374, 85–99. 26 

http://doi.org/10.3354/meps07779 27 

Sfriso, A., & Facca, C. (2007). Distribution and production of macrophytes and phytoplankton in the lagoon 28 



Published version: Aquatic Conserv: Mar Freshw Ecosyst. 2018;28:282–295.  
DOI: 10.1002/aqc.2860 
 

of Venice: Comparison of actual and past situation. Hydrobiologia, 577, 71–85. 1 

http://doi.org/10.1007/s10750-006-0418-3 2 

Sfriso, A., Facca, C., Ceoldo, S., & Marcomini, A. (2005). Recording the occurrence of trophic level changes 3 

in the lagoon of Venice over the ’90s. Environment International, 31(7), 993–1001. 4 

http://doi.org/10.1016/j.envint.2005.05.009 5 

Sfriso, A., Facca, C., & Marcomini, A. (2005). Sedimentation rates and erosion processes in the lagoon of 6 

Venice. Environment International, 31(7 SPEC. ISS.), 983–992. 7 

http://doi.org/10.1016/j.envint.2005.05.008 8 

Sfriso, A., & Ghetti, P. F. (1998). Seasonal variation in biomass, morphometric parameters and production of 9 

seagrasses in the lagoon of Venice. Aquatic Botany, 61(3), 207–223. http://doi.org/10.1016/S0304-10 

3770(98)00064-3 11 

Shokri, M. R., Gladstone, W., & Jelbart, J. (2009). The effectiveness of seahorses and pipefish (Pisces: 12 

Syngnathidae) as a flagship group to evaluate the conservation value of estuarine seagrass beds. Aquatic 13 

Conservation: Marine and Freshwater Ecosystems, 19, 558–595. http://doi.org/10.1002/aqc 14 

Short, F. T., Polidoro, B., Livingstone, S. R., Carpenter, K. E., Bandeira, S., Bujang, J. S., … Zieman, J. C. 15 

(2011). Extinction risk assessment of the world’s seagrass species. Biological Conservation, 144(7), 16 

1961–1971. http://doi.org/10.1016/j.biocon.2011.04.010 17 

Solidoro, C., Bandelj, V., Bernardi, F. A., Camatti, E., Ciavatta, S., Cossarini, G., … Torricelli, P. (2010). 18 

Response of the Venice Lagoon Ecosystem to Natural and Anthropogenic Pressures over the Last 50 19 

Years. In M. J. Kennish & H. W. Paerl (Eds.), Coastal Lagoons: Critica Habitats of Environmental 20 

Change (pp. 483–512). CRC Marine Science. 21 

Steffe, A. S., Westoby, M., & Bell, J. D. (1989). Habitat selection and diet in two species of pipefish from 22 

seagrass: Sex differences. Marine Ecology Progress Series, 55, 23–30. 23 

http://doi.org/10.3354/meps055023 24 

Tunesi, L., & Czembor, C. A. (2014). Syngnathus taenionotus. The IUCN Red List of Threatened Species 25 

2014: e.T194903A51319459. 26 

Umgiesser, G., Melaku canu, D., Cucco, A., & Solidoro, C. (2004). A finite element model for the Venice 27 

Lagoon. Development, set up, calibration and validation. J.Mar.Syst., 51, 123–145. 28 



Published version: Aquatic Conserv: Mar Freshw Ecosyst. 2018;28:282–295.  
DOI: 10.1002/aqc.2860 
 

Vasconcelos, R. P., Reis-Santos, P., Fonseca, V., Maia, A., Ruano, M., França, S., … Cabral, H. (2007). 1 

Assessing anthropogenic pressures on estuarine fish nurseries along the Portuguese coast: a multi-metric 2 

index and conceptual approach. The Science of the Total Environment, 374(2–3), 199–215. 3 

http://doi.org/10.1016/j.scitotenv.2006.12.048 4 

Vatova, A. (1940). Distribuzione geografica delle alghe della laguna di Venezia e fattori che la determinano. 5 

Thalassia, 4, 1–37. 6 

Viaroli, P., Bartoli, M., Giordani, G., Naldi, M., Orfanidis, S., & Zaldivar, J. M. (2008). Community shifts, 7 

alternative stable states, biogeochemical controls and feedbacks in eutrophic coastal lagoons: a brief 8 

overview. Aquatic Conservation: Marine and Freshwater Ecosystems, 18, 105–117. 9 

http://doi.org/10.1002/aqc 10 

Viaroli, P., Giordani, G., Bartoli, M., Naldi, M., Azzoni, R., Nizzoli, D., … Fano, E. A. (2006). The Sacca di 11 

Goro lagoon and an arm of the Po River. In P. J. Wangersky (Ed.), The Handbook of Environmental 12 

Chemistry.Volume H: Estuaries (pp. 197–232). Springer-Verlag, Berlin. 13 

Vincent, A. C. J., Foster, S. J., & Koldewey, H. J. (2011). Conservation and management of seahorses and 14 

other Syngnathidae. Journal of Fish Biology, 78(6), 1681–1724. http://doi.org/10.1111/j.1095-15 

8649.2011.03003.x 16 

Vizzini, S., & Mazzola,  a. (2004). The trophic structure of the pipefish community (Pisces: Syngnathidae) 17 

from a western Mediterranean seagrass meadow based on stable isotope analysis. Estuaries, 27(2), 325–18 

333. http://doi.org/10.1007/BF02803388 19 

Vizzini, S., Sarà, G., Michener, R. H., & Mazzola, A. (2002). The trophic role of the macrophyte Cymodocea 20 

nodosa (Ucria) Asch. in a Mediterranean saltworks: evidence from carbon and nitrogen stable isotope 21 

ratios. Bulletin of Marine Science, 71(3), 1369–1378. 22 

Waycott, M., Duarte, C. M., Carruthers, T. J. B., Orth, R. J., Dennison, W. C., Olyarnik, S., … Williams, S. 23 

L. (2009). Accelerating loss of seagrasses across the globe threatens coastal ecosystems. Proceedings of 24 

the National Academy of Sciences, USA, 106(30), 12377–12381. 25 

http://doi.org/10.1073/pnas.0905620106 26 

Wiswedel, S. (2015). Nerophis maculatus. The IUCN Red List of Threatened Species 2015: 27 

e.T198763A80250985. 28 



Published version: Aquatic Conserv: Mar Freshw Ecosyst. 2018;28:282–295.  
DOI: 10.1002/aqc.2860 
 

Wiswedel, S. (2016). Nerophis maculatus. The IUCN Red List of Threatened Species 2016: 1 

e.T198763A90891100. Downloaded on 24 January 2017. 2 

Wood, S. N. (2006). Generalized Additive Models: an Introduction with R. Chapman and Hall–CRC, Boca 3 

Raton. 4 

Woodall, L. (2012a). Hippocampus guttulatus. The IUCN Red List of Threatened Species 2012: 5 

e.T41006A16997706. 6 

Woodall, L. (2012b). Hippocampus hippocampus. The IUCN Red List of Threatened Species 2012: 7 

e.T10069A17338787. 8 

Zucchetta, M., Scapin, L., Cavraro, F., Pranovi, F., Franco, A., & Franzoi, P. (2016). Can the effects of 9 

anthropogenic pressures and environmental variability on nekton fauna be detected in fishery data? 10 

Insights from the monitoring of the artisanal fishery within the Venice lagoon. Estuaries and Coasts, 11 

39(1), 1: http://doi.org/10.1007/s12237-015-0064-y 12 

 13 

 14 

 15 

 16 

 17 

 18 

 19 

 20 

 21 

 22 

 23 

 24 



Published version: Aquatic Conserv: Mar Freshw Ecosyst. 2018;28:282–295.  
DOI: 10.1002/aqc.2860 
 

Tables 1 

 2 

Table 1: Structure of models used to link syngnathid species and assemblage indicators to temporal factor, 3 

environmental factors and habitat characteristics. The stepwise procedure of model fitting is also described. Yi 4 

= response variables; temp. = water temperature; diss.oxy. = water dissolved oxygen; sal. = water salinity; 5 

turbid. = water turbidity; depth = water depth; sand% = percent of sand in surface sediments; habitat = main 6 

habitat typology; seagrass% = percent cover of seagrass vegetation; meadow = seagrass meadow typology. 7 

Model category Label Model structure Description 

1.  

Temporal factor 

m1 Yi ~ season + constant + εi Response variable is affected by seasonal 

effect only 

  
 

  Category-1 model is improved by 

adding the effect of: 

2. 

Environmental 

factors 

m2.1 m1 + temp. + diss.oxy. + sal. + 

turbid.  

Water physico-chemical parameters 

m2.2 m1 + depth + sand% Water depth and sediment granulometry 

m2.3 m1 + temp. + diss.oxy. + sal. + 

turbid. + depth + sand% 

All environmental parameters 

  
 

  Best category-2 model is improved by 

adding the effect of: 

3. 

Habitat 

characteristics 

m3.1 m2.X + habitat Presence of habitat types (either bare 

substratum, macroalgal bed or seagrass 

meadow) 

m3.2 m2.X + habitat + seagrass% Habitat types and seagrass % cover 

 

 

 

Additional analysis - effect of seagrass meadow types on species 

(only when best models belong to category m3) 

Meadow types m4 best + meadow Best model is modified by replacing 

seagrass as a whole with seagrass meadow 

types (either C. nodosa-, Z. marina- or Z. 

noltei-dominated meadows) 

    
 8 

 9 
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 1 

 2 

 3 

 4 

Table 2: AIC values computed on models fitted for syngnathid species and assemblage indicators. Response 5 

variable (either density or presence/absence) is also specified for the species. AICs values of best models 6 

selected within each model category are underlined, while AICs of the final model formulations are underlined 7 

and highlighted in bold.  8 

  Model category 1. Temporal 

2.  

Environmental 

3.  

Habitat 

  Label m1 m2.1 m2.2 m2.3 m3.1 m3.2 

Response variable               

Species             

Syngnathus abaster density 2890.98 2837.91 2875.44 2805.87 2723.30 2712.49 

Syngnathus typhle density 1929.45 1882.69 1797.19 1754.06 1661.78 1622.36 

Nerophis ophidion density 928.41 865.91 810.63 797.20 742.85 706.72 

Syngnathus taenionotus presence/absence 456.51 404.15 447.48 391.30 390.64 390.44 

Syngnathus acus presence/absence 136.80 136.06 111.81 110.63 104.07 104.07 

Hippocampus guttulatus presence/absence 217.13 204.35 213.83 204.35 199.60 188.92 

Syngnathus tenuirostris presence/absence 94.81 94.81 95.17 95.17 97.40 97.40 

Assemblage indicators        

Total density 3447.33 3381.80 3377.85 3318.93 3201.30 3174.40 

Total number of species 1754.24 1689.59 1688.79 1676.38 1566.62 1552.01 

Species richness  1157.14 1094.86 1118.80 1082.81 1080.84 1060.62 

Species diversity  666.51 652.94 636.51 634.61 612.67 600.50 

Species evenness  708.27 697.60 687.60 686.65 673.17 656.54 
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