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	Tropical coastal lagoon environments provide a number of ecosystem services, but are threatened by the pressure imposed by human activities and climatic change; these systems are particularly vulnerable because of a high demographic growth. Therefore, the understanding of their ecological behavior and the characterization of lagoon health indicators have attained importance. Under this perspective Mexican (UAM-X) and French (UMRs MIO and MARBEC) researchers have collaborated from 2011 to 2014 as part of one action of the international exchange program ECOS/ANUIES, and chose the Sontecomapan lagoon (at the Mexican state of Veracruz) as a case study.

        
	This book provides information of the ecological behavior, water quality indicators, and details of microorganisms and plankton, which due to their short life cycles and their high reactivity to environmental conditions are good.
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          Preface

        

      

      
        
           Coastal lagoons are open systems that are influenced by their exteriors, both marine adjacent zones and runoffs as well as terrestrial surroundings with associated plant communities such as marshes, swamps and mangroves, as well as nearby human settlements.

           One of the water bodies that have been least impacted is the Sontecomapan Lagoon, located in the State of Veracruz, in the Mexican Southeast. Here there are processes that are representative of unaffected tropical coastal systems, where mangrove, tide, freshwater runoffs and species diversity deserve a baseline study. The biogeochemical processes in clay and silt sediments, which generate nutrients susceptible of being exploited by the system’s phytoplankton and the adjacent coastal sea, are the beginning of a chain of carbon transfer that has been little studied in tropical lagoons. Based on the interaction between phytoplankton and zooplankton, a wealth of species is generated that underlie fishing production from both, ecologically important species and those of commercial interest. The tide’s effect allows chemical processes and their products to be exported to the adjacent coastal sea. With this, the often-underappreciated environmental service provided by coastal lagoons is remembered.

           This book is an effort from Mexican and French scientists to rescue existing information about the Sontecomapan Lagoon System and what has been done so far in terms of research, and make it available to the scientific community.

           
        The book consists of 12 chapters divided into 8 parts. The first part presents the physical and chemical characteristics of the lagoon water, the second part is an updated checklist of the lagoon’s biota, the third part is a contribution on the bacterial community related to the nitrogen cycle. The fourth part is integrated by a study on the lagoon’s phytoplankton and a research on the effect of mangrove litter extracts on the phytoplankton’s growth and primary productivity. The fifth part includes a work on biomass, size, structure and trophic compartments of metazooplankton. The sixth part includes two investigations about fish; the first one is a review on species richness and the second one deals with the structure of the community and its relationship with the environment. The seventh part is subdivided into two sections; organic and inorganic contamination, and restoration and preservation; in the first one we find a work related with fecal contamination of anthropogenic origin and the enteropathogenic genera found in the lagoon water, and another work that addresses the water contamination by heavy metals; in the second section a study on mangrove’s forest coverage change is included. The eighth part consists of the general discussion chapter.

           The duration of the rainy and dry seasons in the region are related to the variability generated mainly by the temperatures in the Tropical Atlantic and the ENSO. While the duration of the northern winds season will depend on the oscillations of the circumpolar current (Jet Stream) and probably the influence of the North Atlantic Oscillation (NAO). Because of this, the authors use different temporalities based on their rainfall data and days with northern winds.

           With this book we look to spread the knowledge generated through many years of work carried out by the authors and other researchers, and at the same time, encourage scientific research to carry on with the characterization of the Sontecomapan Lagoon, which is the basis needed for the creation of management plans for its sustainable use.

        

      

    

  
    
      
        
          Part 1. Physicochemical characteristics

        

      

    

  
    
      
        
          
            A multivariate approach to the spatial and temporal water characterization parameters at the tropical Sontecomapan Lagoon, Mexico
          

        

        Alfonso Esquive Herrera and Ruth Soto Castor

      

      
        
          
             
            Sontecomapan is coastal lagoon which, even if relatively small (891-952 ha) (Aké-Castillo 
            
              et al.
            
            , 1995; CIMAR, 2011; Contreras, 1985), presents diverse environments due to its geomorphology and a correspondingly complex behaviour. It has a single and somewhat narrow entrance channel at its northeast end, so it can be considered as a 
            
              choked
            
             lagoon (Duck & Da Silva, 2012). It is a brackish system, but its condition varies from marine, during the dry season, to freshwater at the end of its rainy season which result from the interplay between stream input or runoff and tidal influence (López-Portillo 
            
              et al.
            
            , 2017).
          

          
             
            As coastal aquatic systems where the exchange between epicontinental water masses and marine water occur, coastal lagoons are sites favouring environmental diversification development which provides habitat opportunities for diverse species, including several with economic importance (De la Lanza & Lozano, 1999). This is dependent on the conditions occurring at these shallow water bodies which can result in high biological productivity at all trophic levels but are, in turn, dependent on the lagoon’s hydrological regime. The hydrological regime is the result of the interaction between the prevailing climatic conditions and the morphometric features of each lagoon, hence providing specific characteristics to each lagoon (González & Nodar, 1981).
          

          
             
            One way to cope with this complexity is to describe coastal lagoons in terms of zones with a similar behaviour instead of doing it on a punctual scale, based on individual sampling sites. Thus, Yáñez-Arancibia (1987) agrees with Fairbridge’s proposal of the following sectors for estuarine environments: a) the low or marine sector, connected to the open sea; b) the medium estuary, submitted to a strong mixing between seawater and freshwater; c) the upper or fluvial estuary, dominated by freshwater but sensitive to daily tidal effects. For Sontecomapan these sectors were recognized by Morán 
            
              et al.
            
             (1995), who reported them as euhaline, polyhaline and mesohaline, respectively.
          

          
             
            Even though, according to the former, the delimitation of these sectors could be performed solely on salinity, evident classification will be best accomplished if other relevant parameters are included by implementing tools such as multivariate analysis. As aforementioned, due to environmental components complexity (
            
              i.e
            
            ., water quality, hydrological parameters, and biological taxa) within the lagoon systems, multivariate statistical approaches have been widely applied to determine the relative influence of environmental factors and their interactions (Kim 
            
              et al
            
            ., 2016; Gazzaz 
            
              et al
            
            ., 2012; Tobiszewski 
            
              et al
            
            ., 2010). This should be done on a temporal and spatial sense, since the extent of lagoon zones is dynamic and will differ from one season to another (De la Lanza 
            
              et al.
            
            , 1998; Varona-Cordero & Gutiérrez-Mendieta, 2003).
          

          
             
            The purpose of the present paper is to apply such a multivariate approach to Sontecomapan Lagoon which, due to its geomorphological features, has a complex behaviour and can be subdivided into sectors. This can also establish if there are changes in phytoplankton biomass and trophic status in an interannual scale. In recent years this lagoon has been, at the same time, considered as relatively unpolluted (Gallegos & Botello, 1986; Lot, 1971) but also as a man-disturbed ecosystem (Calva 
            
              et al.
            
            , 2005; Ponce-Vélez 
            
              et al.
            
            , 1994), so its characterization is important for management purposes, as those areas where water is stagnant would be more sensitive to pollution (Mitchell 
            
              et al.
            
            , 2017; Newton & Mudge, 2003). This becomes even more important under the climatic change context.
          

          
            Materials and Methods
          

          
            Study area and sampling points
          

          
             
            Sontecomapan is a Mexican coastal lagoon located between 18º30’ N and 18º34’ N and 94º47’ and 95º11’ W, with an area of about 891 ha. Its origin is volcanic, lava flows originally delimited its basin which was further modified by sediment transport through tides, streams and rivers (Lankford, 1977). This lagoon connects to the Gulf of Mexico through a 5.5 m deep, and 137 m wide mouth at its northern end, which then proceeds through a canal towards the Southwest to the main lagoon’s body. The rest of the lagoon is shallower, with a mean depth of 1.5 m and is bordered by mangroves and wetlands which are part of the wildlife protection zone known as Reserva de la Biosfera de Los Tuxtlas (RBLT) (Calva 
            
              et al.
            
            , 2005). The lagoon is fed by several rivers and streams, located mainly at its southern and south-eastern portion, though one of its main tributaries, La Palma stream, connects to the canal’s west side (Fig. 1).
          

          
             
            This region’s climate comprises three seasons: north wind season (characterised by strong cold winds, either dry or humid, from the North), dry, and rainy season (Contreras, 1985; López-Portillo 
            
              et al.
            
            , 2017). During the rainy season (late June to October), the lagoon receives a continuous freshwater inflow from small rivers and runoff. In contrast, at the peak of the dry season (March to early June), it shows marine salinities. During the Nortes season (November to February), the lagoon displays intermediate conditions, thus being brackish (Aké-Castillo & Vázquez, 2008).
          

          
            
              Figure 1.
            
             Sontecomapan lagoon. Sampling points. (Modified by Hervé, 2014).
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            The annual rainfall ranges between 3000 and 4000 mm. Lagoon water is considered as isothermal, varying from 22 °C in January to 26 °C in May. Generally, water turbidity is high, with a mean Secchi depth of 0.60 m. Water surface temperatures average 24 °C and there is no noticeable temperature gradient down the water column. The southern portion of the lagoon is mesohaline (salinity ranging from 5 to 18 PSU), the central portion is polyhaline (salinity ranging from 25 to 30 PSU) and the mouth is euhaline (salinity ranging from 30 to 40 PSU) (Morán 
            
              et al.
            
            , 1995).
          

          
             
            Samples were taken at ten stations (Fig. 1). The sampling station locations (Table 1) were selected as those representative of the diverse ecological and hydrological features; these have been set as interdisciplinary sampling points as in Benitez-Díaz-Mirón 
            
              et al
            
            . (2014).
          

          
            
              Table 1.
            
             Station name, number, abbreviation and geographical coordinates of sampling points
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