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1. General Introduction 

The influence of changing environment factors on 

the support of vital ecosystem processes and services 

in coastal lagoons 

Increases in coastal populations and accompanying shifts in land use (Vitousek and 

Mooney, 1997), have led to changes that have cumulative impacts on the delivery of nutrients 

and other pollutants to coastal lagoons. For at least 50 years, researchers have recognised this 

growing imbalance, especially in estuarine waters and coastal lagoons where nutrient over-

enrichment has fuelled accelerated primary production, or eutrophication; and other pollutants 

have originated severe consequences for the ecosystems and the living forms that inhabit 

them. 

Pollutant sources change, and generally increase, as use of a region intensifies. 

Wastewater, agricultural discharge, stormwater and industrial sources are among the major 

contributors. Another change resulting from development of the coastal landscape is an 

alteration of the transport mechanisms of pollutants to nearby waters. The channelisation of 

streams and rivers, ditching and the removal of native vegetation all contribute to increased 

rates and quantities of pollutants transported from the land to adjacent water bodies. Finally, 

human activities in coastal regions often lead to a significant loss of the natural landscapes 

that either retain or remove pollutants, such as wetlands. 

Due to their location between land and sea, lagoonal ecosystems are subject to an 

elevated rate of dynamic changes in the natural environment that result in high biological 

productivity and diversity. In these systems, most of the seafloor lies within the photic zone, 

which allows benthic primary productivity. As a result, shallow lagoons and bays tend to be 

dominated by benthic producers such as seagrasses, perennial macroalgae and 

microphytobenthos, rather than by phytoplankton. Furthermore, as highly productive systems, 

lagoons usually show marked abundances of macrofaunal species. They also support fish 

populations, many of great commercial importance, and constitute essential zones for the nest 

building, migration and hibernation of aquatic birds. 
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Many authors have demonstrated the importance of benthic primary producers in 

coastal lagoon nutrient cycles (Fong et al., 1993; Viaroli et al., 1996; McGlathery et al., 1997; 

Hauxwell et al., 2001; Tyler and McGlathery, 2003; Palomo et al., 2004; Boyer and Fong, 

2005), emphasising their role in the resistance of such systems to eutrophication. Benthic 

plant assimilation from both the water column and sediments reduce nutrient availability for 

other autotrophs, like phytoplankton or floating macroalgae during the growing season. 

However, their importance is not only due to nutrient captation; plant metabolism and the 

decomposition of buried plant tissues also modify biogeochemical processes and nutrient 

retention in sediments (McGlathery et al., 2007). The role of benthic plants in these shallow 

ecosystems can be considered as a very effective ‘coastal filter’ of nutrients. The high 

metabolic rates of benthic primary producers mediate nutrient cycling processes and result in 

strong benthic-pelagic coupling (e.g. Krause-Jensen et al., 1999; Tyler et al., 2001; Eyre and 

Ferguson, 2002). For example, because of the importance of benthic-pelagic coupling and the 

temporary retention of nutrients in longer-lived plant biomass (compared to phytoplankton), 

coastal bays often have relatively high apparent water quality (low water column nutrient 

concentrations, low phytoplankton biomass) even when nutrient loading rates are high for 

much of the year (Valiela et al., 1997; McGlathery et al., 2004; McGlathery et al., 2007). 

Lagoonal benthic macrofauna also plays an essential role in the maintenance of the 

ecosystem’s integrity by mediating exchanges and transformations of energy and materials, 

including nutrients, between the water column and sediments (Hansen and Kristensen, 1997; 

Twilley et al., 1999). Furthermore, macrobenthos production provides an important trophic 

transfer vehicle within the coastal ecosystem (Diaz and Rosenberg, 1995). In this way, 

benthic macrofauna affect lagoonal nutrient cycles and could modify the functioning of the 

plant-mediated ‘coastal filter’ via their active grazing on primary producer forms and 

modulation of nutrient fluxes. 

Benthic plants and macroinvertebrates seem to be responsible for certain biotic 

feedbacks that can ultimately modify an ecosystem’s response to nutrient enrichment. 

Therefore, stress-induced changes to the benthos need to be understood well enough to 

apprehend consequential losses of vital ecosystem services. 

At first sight, benthic organisms seem extremely vulnerable to the effects of climate 

change, since such change would have a strong impact on them as regards their survival, 
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productivity, distribution and function (Nicholls et al., 1999; Short and Neckles, 1999; Simas 

et al., 2001). 

Increasing water temperature will directly affect benthic primary producer metabolism 

and maintenance of a positive carbon balance established by the relation between 

photosynthesis and respiration. The direct effects of increased temperature will depend on 

thermal tolerance and optimum temperatures for photosynthesis, respiration and growth of 

individual species. 

Apart from the rise in temperature, other changes are expected, such as an alteration in 

rainfall patterns and an increase in the occurrence of extreme climate events, which may lead 

to a change in the frequency and intensity of storms (Nicholls and Hoozemans, 1996 and 

references within; Watson et al., 1996). The impacts of these changes on benthic primary 

producers will be due not only by the direct effect of the erosion caused by the storms and 

associated wave action, but also by the ‘shading’ caused by suspended sediments resulting 

from the coastal erosion and the increase of storm water runoffs. 

Projections of the sea-level rise for the end of the 21
st
 century range from 15 to 95 cm, 

with a ‘best estimate’ of 50 cm (Watson et al., 1996; IPCC, 2001; Rahmstorf, 2007). This rise 

will have direct consequences on the benthic primary producers of coastal environments due 

to the increase in depth, the reduction of light reaching the bottom, the changes of salinity and 

the alteration of the hydrodynamism of the areas. 

Another consequence of future environmental change is the increased nutrient input 

into coastal areas, which provide natural resources and suitable space for economic activities 

and human settlements. It is estimated that 50-70% of the world’s population lives in coastal 

zones, a figure that shows an increasing tendency. Furthermore, the use of fertilizers for 

agriculture in the surrounding watersheds is also expected to rise. This increasing pressure 

may lead to a rise in the discharge of nutrients into coastal systems, which will be aggravated 

by the expected changes in hydrological regimes and precipitation patterns (Bethoux et al., 

1998; Bethoux and Gentili, 1999; Short and Neckles, 1999; Bouraoui et al., 2002; Sumner et 

al., 2003; Dore, 2005). Eutrophication processes may affect benthic primary producers and 

consumers of coastal zones through increases in water column light attenuation caused by 

increased phytoplankton concentrations, the proliferation of floating macroalgae and 

epiphytes or even more severe phenomena, such as oxygen depletion at the bottom. 
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The rise in sea water temperature, the reduction of light reaching the bottoms, through 

the cumulative interaction of the rise in sea-level and increased water column turbidity, and 

the expected changes in the hydrodynamism and salinities in coastal lagoons are expected to 

have deleterious effects on the survival of many lagoonal organisms and affect their role in 

the processes and services they support. 

 

1.1. The Methodological approach 

A full description of the methodologies used can be found in the LAGOONS Report 

D3.1 available at http://lagoons.web.ua.pt/. As a summary, and with the final aim of 

identifying and evaluating key environmental factors that contribute to drastic changes in 

lagoonal communities and the services they provide, two main methodological approaches are 

defined: 

i) Community level: Due to their importance in lagoonal environments benthic 

macrophytes and macrozoobenthos will be considered for this study. For 

macrophytes, a set of ‘key’ environmental variables can be identified 

according to the particular characteristics of each species found. Historical 

data can also be used to identify the main threats to these communities 

within each case study lagoon and the environmental variables that 

determined their regression or expansion in the last decades. The study will 

focus on variables that could affect benthic primary production and/or 

survival. In this sense, temperature and bottom light regimes constitute key 

environmental variables for macrophyte production and maintenance of a 

positive carbon balance. Other variables, such as salinity ranges and shear 

stress at the bottoms are of enormous importance for macrophyte survival 

and could help determining which areas are suitable for macrophyte 

settlement according to the different species optimal ranges for these 

variables. For macrofaunal communities multivariate methods can be used 

to analyse the relationship between environmental variables and benthic 

community structure, which will allow us to infer the relative influence of a 

set of environmental variables on benthic macrofauna distributions and 

http://lagoons.web.ua.pt/
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elucidate the effect of possible changes of these variables on benthic 

communities. 

ii) Species level: The response of amphipod species to changes in their 

environment could help determining the mechanisms responsible for the 

impact of these changes on the ecosystem. In this sense, the study of 

survival rates of these indicator species in a changing environment provides 

useful information for the determination of trends in the biological response 

to climate change. Furthermore, variations of the toxic response of 

amphipods to pollutants are to be expected as a consequence of changes on 

the physical environment (mainly temperature and salinity) and, therefore, 

this coupled effect on species survival need to be assessed in order to better 

quantify impacts.  
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2. Evaluation of the main environmental variables 

responsible for macrophyte distribution and survival 

The Ria de Aveiro lagoon 

2.1.1. Rooted macrophyte species in the lagoon and their relationship with environmental 

variables 

The rooted macrophytes species in Ria the Aveiro intertidal area can be divided into 

two major groups: seagrasses and salt marshes. Presently, the most representative seagrass 

species in Ria is Zostera noltii (Fig. 2.1.1.1). Regarding salt marshes, the low marshes are 

dominated by Spartina maritima (Fig. 2.1.1.2) whislt the high marshes are dominated by 

Juncus maritimus (Fig. 2.1.1.3) (for a more detailed decription of seagrasses and salt marshes 

composition, please see LAGOONS Report D3.2).  

   

Fig. 2.1.1.1A – Z. noltii meadows  

(Ria de Aveiro, ©AI Lillebø) 

Fig. 2.1.1.2A – S. maritima marsh 

(Ria de Aveiro, ©AI Lillebø) 

Fig. 2.1.1.3A – J. maritimus marsh 

 (Ria de Aveiro, ©AI Lillebø) 

   

Fig. 2.1.1.1B – Z. noltii 

(Ria de Aveiro, ©AI Sousa) 

Fig. 2.1.1.2B – S. maritima 

(Ria de Aveiro, ©AI Lillebø) 

Fig. 2.1.1.3B – J. maritimus 

(Ria de Aveiro, ©AI Lillebø) 
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The following table summarizes the influence of environmental variables on Zostera 

noltii distribution, growth and photosysthesis (the data for Ria de Aveiro is currently unpublished and 

result from a close cooperation between LAGOONS project team and the LTER-RAVE project team). 

Table 2.1.1.1. Influence of environmental variables on Zostera noltii distribution, growth and photosynthesis 

in Ria de Aveiro Mira Channel 

Variable 
Range in the lagoon 
 

Optimum Critical Source  

Water 

salinity 
2-32

1
 

2-41(euryhaline 

species) 

<2 (lower) 

>41 (upper) 

(Fernández-

Torquemada et al., 

2011)
2
 

Water 

temperature 
13-30º C

1
 20-25 ºC 38 ºC (upper) (Massa et al. 2009)

3
 

Bottom type 
Sandy

1
 

Muddy
1
 

Muddy -------- -------- 

Light No data available 

520 µmol photons 

m
-2

 s
-1

  

20 µmol photons m
-2

 s
-1

 

(lower) 

1245 µmol photons m
-2

 s
-1

 

(upper) 

(Peralta et al. 

2002)
4
 

165 μmol photons 

m
−2

 s
−1

 

25 μmol photons m
−2

 s
−1 

(lower) 
(Olivé et al. 2007)

5
 

Nutrients 
DIN

7
: 2.5 – 195 µmol l

-1 

SRP
7
: 0.5-3.6: µmol l

-1 

NH4
+
 can have a 

toxic effect on 

Zostera survival 

and growth 

(depending on the 

internal C balance 

to sustain N 

assimilation);  

PO4
3-

 addition 

can alleviate 

NH4
+
 toxicity

8 

Not limited by nutrients in 

the Ria de Aveiro 

(Lopes et al. 2007)
6 

(Brun et al. 2002)
7
 

1Unpublished data; 2Laboratory experiment; 3Ria Formosa, Portugal; 4Laboratory experiment, Cadiz Bay, Spain; In 

the original publication the tested light intensities corresponded, respectively to: 0.8 mol photons m-2.d-1 (2% surface 

irradiance); 20.6 mol photons m-2.d-1 (42% surface irradiance); 49.3 mol photons m-2.d-1 (100% surface irradiance). 

5Laboratory experiment, Cadiz, Spain; 6Max. and min.values considering four seasons, and low and high tide samplings in 

2000-2001; 7Laboratory experiment, Cadiz Bay, Spain. 

 

The following table summarizes the data for environmental variables on Spartina 

maritima and Juncus maritimus distribution in Ria de Aveiro. These data are currently 

unpublished and result from a close cooperation between LAGOONS project team and the 

LTER-RAVE project team. 

 



LAGOONS Report No. D3.3 

 
13 

Variable 
Range in the lagoon 
Spartina maritima 

Range in the lagoon 
Juncus maritimus 

Sediment 

salinity 
No data available

1
 No data available 

Sediment 

temperature 
7-25 ºC 7-25 ºC 

Bottom type 
Sandy 

Muddy 
Muddy 

Inundation 

Period 

Low marsh
2
 

Tidally inundated  

(twice a day) 

High marsh 

Tidally inundated  

(twice a day) 
1The optimum salinity in the sediment for S. maritima range between 0 and 35, whislt the critical salinity is > 55 

(Adams and Bate, 1995), 2Optimum for: leaf elongation is dry conditions; stem elongation is tidally inundated and 

submersed; stem production is dry conditions or tidally inundated. Critical for: leaf elongation is tidally inundated or 

submerged; stem elongation is permanently dry conditions or reduced tidal flushing; stem production is submerged 

conditions (Adams and Bate, 1995). 

 

2.1.2. The status of rooted macrophytes in the lagoon: Regression events and their causes 

Until the 1960’s, Ria de Aveiro subtidal areas were colonized by transitional waters’ 

seagrass species (Ruppia cirrhosa (Petagna) Grande, 1918, Stuckenia pectinata (L.) Börner, 

1912, previously known as Potamogeton pectinatus and by Zostera Linnaeus, 1753) (Silva et 

al., 2004). Later on, a survey performed in the 1980’s at Ovar channel recorded that subtidal 

areas were vegetated by the seagrasses Stuckenia pectinata, Ruppia cirrhosa, Zostera marina 

and Zostera noltii (also present at intertidal area) (Silva et al., 2004). Throughout the last 

decades of the 20
th

 century, Ria de Aveiro lagoon suffered a great decline in the seagrass 

meadows extension mainly due to changes in the system’s hydrodynamics as a result of 

dredging activities (Silva et al., 2004). These changes also altered the tidal prism and 

increased the water velocity (Picado et al., 2010), resulting in the loss of subtidal seagrass 

meadows and reducing the intertidal meadows extension and biodiversity (Silva et al., 2004, 

Silva et al., 2009, Azevedo et al., 2013, Cunha et al., 2013 - for a more detailed description 

please see LAGOONS Report D3.2). Presently, seagrass meadows of this lagoon are 

restricted to intertidal areas and Zostera noltii is the most representative seagrass species in 

Ria. Last seagrasses mapping was done one decade ago and an attemp for an updated 

mapping is now ongoing within the LAGOONS project. 
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Regarding Spartina maritima salt marshes in the Ovar channel close to the Varela 

bridge there are some evidences of litoral erosion due to the changes in the system 

hydrodynamics (Figure 2.1.4).  In the Baixo Vouga lagunar, characterized by large areas of 

Juncus maritimus marshes, there are evidences of dying plants due to the increase of tidal 

prism and submersion time (Figure 2.1.5) (for a more detailed description please see 

LAGOONS Reports D2.1 and D3.2, available at http://lagoons.web.ua.pt/).  

  

Fig. 2.1.4 – Spartina maritima patches 

(Ria de Aveiro, ©AI Lillebø) 

Fig. 2.1.5 – Juncus maritimus dying 

(Ria de Aveiro, ©AI Lillebø)  

 

2.1.3. Rooted macrophyte vulnerability in the context of global climate change 

Due to climate change, the frequency of extreme weather events in Ria de Aveiro are 

predicted to increase, leading also to the increase in the occurrence of flood and drought 

events (LAGOONS Report D5.1). As a result, seagrasses might be affected by a stronger 

wave action and consequent erosion, but also by a reduction in light availability (eventually, 

light limitation by shading effect) due to sediment resuspension (LAGOONS Report D3.3).  

Regarding salt marshes, sea level rise predictions for Ria de Aveiro show that salt 

marshes dynamics and stability will be closely related to/dependent on the hydrodynamic 

conditions under climate change context, namely regarding sea level rise (Valentim et al., 

2013). Thus, nutrients, sediment salinity and moisture, saline stress and relative vegetation 

patterns, are some of the parameters likely to be affected, compromising salt marshes stability 

(Valentim et al., 2013). 
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2.2. The Vistula lagoon 

2.2.1. Macrophyte species in the lagoon and their relationship with environmental variables 

Research on the effect of environmental factors on the distribution and biology of 

macrophytes has been particularly conducted on lakes (among others Lehmann et al. 1997, 

Scheffer et al. 1992, Amano et al. 2011), and more seldom in lagoons (Selig et al. 2007, Li et 

al. 2008, Prado et al. 2013). Data regarding the scope of abiotic factors tolerated by 

macrophytes in the waters of the Baltic Sea are very scarce (Kautsky 1988, Dahlgren and 

Kautsky 2004, Selig et al. 2007). 

The present paper concerns the macrophytes of the Polish part of the Vistula Lagoon 

(Figure 2.2.1.1). It is restricted to species with considerable bottom cover permitting them to 

develop clearly spatially defined assemblages in the form of clusters or belts of vegetation 

(Table 2.2.1.1).   

The macrophytes were divided into: i. emergent plants – helophytes (Phragmites 

australis, Typha angustifolia, Schenoplectus lacustris), ii. submerged plants – elodeids 

(Potamogeton perfoliatus, P. pectinatus, Zannichella palustris, Ceratophyllum demersum, 

Myriophyllum spicatum, Chara sp., and iii. plants with floating leaves – nymphaeids (Nuphar 

lutea, Nymphoides peltata).  

The following were taken into consideration among the factors responsible for 

macrophyte distribution and survival in the lagoon: Secchi disc visibility and factors affecting 

visibility (suspended solids, including phytoplankton biomass expressed as chlorophyll-a 

concentration), salinity, total nitrogen (Ntot), and total phosphorus (Ptot), as well as potential  

importance of wind wave action and ice cover. 
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Figure 2.2.1.1. Distribution of vegetation zones in the Vistula Lagoon 

Salinity 

The salinity of the Polish part of the Vistula Lagoon changes in a clear gradient – from 

a mean of 2.17 PSU in the western part of the Lagoon to 3.11-3.48 PSU in its eastern part 

(Table 2.2.1.2). Therefore, the degree of salinity decreases along the growing distance from 

the Strait of Baltiysk, and similarly increases along with the growing distance from the mouth 

of the largest rivers inflowing to the Lagoon on the Polish side: the Elbląg River and the 

rivers of the delta of the Vistula River (the Szkarpawa and Nogat Rivers). 

Considerable fluctuations of salinity in time occur, with varied amplitude in particular 

parts of the Lagoon (Table 2.2.1.2). The highest fluctuations are observed in the western part 

(0.73-3.82 PSU), and the lowest in the eastern part (1.6-5.2 PSU). 

Salinity usually increases in summer and autumn, and decreases in winter and early 

spring (Żmudziński, Szarejko 1955, Bogdanowicz (2009). This is related to the inflow to the 

Lagoon of freshwater from the catchment in spring, low water levels in summer, and autumn 

storms resulting in increased inflow of Baltic Sea water into the Lagoon.  
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In the most saline western part of the Lagoon, relatively high cover is reached by only 

three species – a helophyte Phragmites australis, and the elodeids: Potamogeton perfoliatus 

and P. pectinatus (Table 2.2.1.1). 

 

Table 2.2.1.1. Distribution, frequency, and species richness of macrophytes in the Vistula 

Lagoon. The names of locations describe shore zones following Pliński et al. (1978), with 

certain modifications. For the zones distribution see Figure2.2.1.1.  

+ small patches; ++ large patches and extensive belts; a – following Gajewski (2010). 

 

The number of macrophyte species developing clearly distinguishable assemblages 

gradually increases westwards, reaching the highest species diversity in areas at the largest 

distance from the inflow of saline Baltic Sea waters – Kąty Bay, and Łaszki, in the vicinity of 

the mouths of the Vistula Królewiecka and Szkarpawa Rivers. Most species also reach the 

largest individual sizes, cover, and biomass here (Gajewski 2010). 

The mean maximum concentrations recorded in the Lagoon, reaching 3.5 PSU, do not 

exceed the range or optimum values for plants found in the western part of the Lagoon (Table 

2.2.1.3). Therefore, for the majority of plants, salinity seems not to be the factor restricting 

Location Phr.  T. Sch. Pot. Pot.  Zan. Cer.  Myr.  Chara Nuph. Nym. 

  aus.  ang.  lac.  per. pec. pal.  dem. spic.  sp.   lut. pel. 

Piaski ++            

 

Braniewo ++ 

 

+ ++ ++       

            

Krynica ++   +   + +    

            

Frombork ++  + ++ +       

            

Tolkmicko ++  + ++ +       

            

Suchacz ++  + ++ +  + +  +  

            

Łaszki ++ ++ ++ ++ ++ +a + + ++ + +a 

Frequency 

[%] 100 

 

14 71 85 71 14 42 42 14 28 14 

 

Phr. aus. - Phragmites australis; T. ang. – Typha angustifolia; Sch. lac. – Schenoplectus lacustris; Pot. per. –  

Potamogeton perfoliatus; Pot. pec. – P. pectinatus; Zan. pal. – Zannichella palustris; Cer. dem – Ceratophyllum 

demersum; Myr. spic. – Myriophyllum spicatum; Nuph. lut. – Nuphar lutea; Nym. pel. – Nymphoides peltata;  
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their occurrence in the Lagoon. Nymphaeids, considered to commonly inhabit fresh or 

brackish waters, are an exception (Table 2.2.1.3). 

Table 2.2.1.2. Physical and chemical water parameters in the Vistula Lagoon (the data 

obtained from the Voivodship Inspectorate of Environment Protection in Olsztyn). The 

presented values are means and ranges for the period 2007-2009. The names of locations 

describe shore sections, with certain modifications following Pliński et al. (1978). TSS - total 

suspended solids. For shore sections distribution see Figure 2.2.1.1.  

 

Location Visibility TSS Chl.-a Salinity Ntot. Ptot. 

  [cm] [mg/L] [μg/L] [PSU] [mg/L] [mg/L] 

Piaski 44 52.54 33.36 3.31 1.65 0.094 

 15-80 26-130 14-128 2.6-4.7 1.06-3.00 0.022-0.176 

Braniewo 49 42.78 30.93 3.48 1.75 0.092 

 30-110 28-70 16.8-86.9 1.6-5.2 1.22-286 0.047-0.0161 

Krynica 41 54.48 37.65 3.11 1.87 0.090 

 20-130 29.7-82 10.61-108.5 2.1-4.5 0.881-3.659 0.040-0.205 

Frombork 39 49.23 32.54 3.29 1.95 0.089 

 25-70 21.3-63 8.75-52.38 2.32-4.7 1.56-3.00 0.045-0.162 

Tolkmicko 40 52.28 34.66 2.99 2.29 0.097 

 30-100 35.8-110 13.1-61.7 1.47-4.61 0.84-4.56 0.052-0.182 

Suchacz 39 53.5 46.98 2.39 2.14 0.114 

 30-75 18-102 8.42-142.2 1.22-3.82 0.813-4.181 0.048-0.223 

Łaszki  50 48.15 36.55 2.17 2.31 0.114 

 20-85 9.8-140.0 6.08-145.9 0.73-3.37 0.713-3.839 0.035-0.315 
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Table 2.2.1.3. Salinity as a variable determining macrophyte distribution 

 

Macrophyte                  Range  Optimum  Critical  

    

Vistula 

Lagoon  Other sources     

Phragmites australis 2.17-3.48 0-72a, 0-30c 5.84 b, 5f 33.1f 

Typha angustifolia  2.17-2.99 0-15k   

T. latifolia 2.99-3.29  <0.5k  

Potamogeton perfoliatus 2.17-3.48 0-8d   

P. pectinatus 2.17-3.48 0-18d 3-12j  

Zannichella palustris <2.17 0.4-7d   

Ceratophyllum demersum  2.17-3.11 0-9d   

Myriophyllum spicatum 2.17-3.11 0-6d, 0-13.3e 0.17-3.33e 24.5e 

    <3.6i  

Nuphar lutea  <2.17  <0.5k  

Nymphoides         

peltata   <2.17  <0.5l  

Chara sp. sp.  <2.17 0-17d     

 

a - Achenbach et al. (2013)  

b - Gorai et al. (2011)  

c - Matoh et al. (1988)  

d – Luther (1951)  

e - Haller et al. (1974)              

f - Lissner and Schierup (1997)  

i – Li et a. (2011)  

 j - Prado et al. (2013) 

 k - http://www.wetland.org/downloads/waterfowl%20habitats.pdf 

 

Nutrients – total nitrogen and total phosphorus 

Substantially increased values of nitrogen in water occur in the southern part of the 

Lagoon, between Frombork and Suchacz, and the highest in the western part (Łaszki) (Table 

2.2.1.2). A similar spatial distribution is observed in the case of concentrations of total 

phosphorus, with the maximum recorded in the western part of the Lagoon – Suchacz and 

Łaszki. This can be related to the inflow and direction of flow of the main streams of nutrients 

from the side of the land by underground flow and with rivers). Similar results were obtained 

by Renk et al. (2001). 

http://www.wetland.org/downloads/waterfowl%20habitats.pdf
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The concentrations of nitrogen and phosphorus recorded in the Lagoon were usually 

respectively 10 and 3-5 times higher than those in bays at the shores of Sweden dominated by 

macrophytes. The water in the bays showed a similar level of total nitrogen and level of total 

phosphorus more than twice higher than that of phytoplankton-dominated bays (Dahlgren and 

Kautsky 2004). This suggests that the concentrations of nutrients in the Vistula Lagoon 

predestine the ecosystem for remaining in the phytoplankton-dominated state. Despite this, 

the bottom of the western part of the Lagoon in the estuarial area of rivers is abundant in 

submerged vegetation, which seems to hinder the development of phytoplankton. In spite of 

increased concentrations of nutrients, the recorded concentrations of chlorophyll-a remained 

at a level lower than in the other areas of the Lagoon. Increased concentrations of nutrients in 

the western part of the Lagoon did not constitute a barrier for the development of underwater 

meadows of Charales, abundant in this region. Similarly, the dependence of charophytes on 

low phosphorus levels, as observed in limnic waters, was not verified in the Baltic coastal 

waters (Selig et al. 2007). 

Water transparency, chlorophyll-a, and total suspended solids (TSS) 

It is commonly believed that water transparency frequently becomes a factor 

determining the depth at which plants grow, limiting their development (Chambers, Kalff 

1985). Mean values of water transparency, measured by means of Secchi disc, in the entire 

Lagoon are approximate (39-50 cm; Table 2.2.1.2). Relatively the highest values were 

recorded in the vicinity of Braniewo (central-southern part of the Lagoon) and in Łaszki 

(eastern part). In this case, a feedback effect occurs – the submerged vegetation abundant in 

these areas could be the cause of increased water transparency. On the one hand, more 

abundant macrophyte assemblages restrict the development of phytoplankton. On the other 

hand, they decrease the intensity of wave action, reducing the resuspension phenomenon 

(Carpenter, Lodge 1986). In consequence, both the concentrations of chlorophyll-a and TSS 

in those two areas were among the lowest (Table 2.2.1.2) in spite of increased concentrations 

of nutrients. 

The mean water transparency values recorded in the years 2007-2009 (43 cm) were 

somewhat higher than those occurring in the 1950’s (40 cm – Łomniewski 1958; 30-40 cm – 

Ringer 1959), and identical to those determined in the years 1998-1999 (Renk et al. 2001). 

Chlorophyll-a concentrations were slightly lower (36.1 μg/L) than ten years before (43 μg/L; 
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Renk et al. 2001). This is at variance with the theses on still maintained trophic status of the 

Lagoon substantially higher than that in the second half of the previous century (among others 

Pliński 1995). 

This conflict is only apparent, however, considering the fact of the intensive 

resuspension phenomenon occurring periodically in the Lagoon as a result of strong wave 

action. Detritus particles swept from the bottom by wave action contribute to the suspension, 

and then, after the wave action ceases, they fall back to the bottom within approximately 1-2 

days (Łomniewski 1958). Therefore, in contrast to phytoplankton (and the remaining fraction 

of bioseston), they contribute to a decrease in water transparency only periodically, affecting 

the amplitude of changes. The amplitude, determined for 12 stations in the years 1950-1954, 

varied from 60 cm to 135 cm, and the maximum values were between 75 cm and 170 cm 

(Łomniewski 1958). It currently varies from 45 to a maximum of 90 cm, with the maximum 

values from 75 to 130 cm (Table 2.2.1.2). Assuming that resuspension occurred with similar 

intensity in both of the compared periods, it becomes obvious that in spite of similar mean 

water transparency values included in the literature (and presented data), more than fifty years 

ago the development of phytoplankton affected their values to a much lower degree. The 

currently strongly developed phytoplankton “hides” the content of suspension resulting from 

resuspension, and by remaining in the water depths, it reduces the water transparency 

amplitude. 

A higher amplitude of visibility changes in the past, i.e. periodical improvement of 

light climate conditions, could result in better conditions of development for macrophytes. It 

is difficult to determine to what degree their deterioration influenced the restriction of the 

horizontal and vertical range of occurrence of plants in the Lagoon. It seems that this factor is 

of no crucial importance, at least not affecting directly. Currently, e.g. in the Kąty Bay (north-

western part of the Lagoon) at the mean water visibility of 50 cm, the range of occurrence of 

macrophytes (Chara) amounts to as much as 160 cm. They do not occur in the central or 

eastern part of the Lagoon in spite of similar light conditions. Similar conclusions referring to 

the effect of light climate on the distribution of macrophytes in lakes were derived by Scheffer 

et al. (1992). According to the authors, “the depth range of the vegetation was hardly related 

to transparency. An increase in turbidity results in a strong reduction of the vegetated area, but 

this is due to the disappearance of vegetation not only from the deep, but also from the 

shallow sites”. The latest literature suggest that periphyton might the main factor restricting 
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the development of macrophytes. Its abundance on the surface of macrophytes depends on the 

concentration of nutrients and periphyton grazing invertebrates (Sayer et al. 2010). The 

mechanism of negative effect of periphyton involves cutting off the access of macrophytes to 

light, and limiting their access to nutrients. The importance of allelopathy in the mutual 

relations of both components is also emphasised (Gross et al. 2007). 

Bottom sediments 

In the littoral zone of the Polish part of the main basin of the Lagoon, sediments are 

relatively homogenous. They are dominated by sandy fractions, with local admixtures of fine 

clayey fractions. The current scarcity of more detailed data on the chemical and grain size 

composition of sediments in relation to the distribution of macrophytes in the Lagoon does 

not permit a more thorough analysis of these relations. Such research in four brackish lagoons 

in the southern Baltic Sea was conducted by Selig et al. (2007). According to this study, 

Charophyte stands favour sediments with smaller mean grain size and higher organic matter 

and nitrogen contents than other plant communities. Myriophyllum spicatum-Potamogeton 

pectinatus communities – indicators of high degradation in the classification system of coastal 

waters – were present in a broad spectrum of sediment types, i.e. were not more abundant in 

habitats with nutrient-rich sediments and muddy sediments. The study by Lehmann et al. 

(1997) suggests a general negative effect of organic matter content on macrophytes (except 

for P. pectinatus), and a positive effect of fine texture and phosphorus. P. pectinatus grew 

better in shallower water. At deeper sites, P. lucens appeared to show the best competitive 

abilities, and P. perfoliatus performed best. 

Wave action 

Wave action is a factor with a considerable importance to the distribution of 

macrophytes and their species composition in the Lagoon. The shores of the Lagoon, exposed 

to strong wave action, are primarily inhabited by resistant to waves helophytes, especially 

Schoenoplectus lacustris and elodeids - Potamogeton perfoliatus and P. pectinatus. Their 

structure allows them to persist at disturbed sites, where the floating leaves could be broken. 

Quiet bays and places sheltered with belts of helophytes are colonised by patches of elodeids 

(Myriophyllum spicatum, Ceratophyllum demersum) and nymphaeids (Nuphar lutea, 

Nymphoides candida). 
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Ice cover 

The mean period of presence of ice cover in the Vistula Lagoon varies from 

approximately 2.5 to 4 months, and the thickness of ice cover from approximately 30 to 50 

cm (Łomniewski 1958). In such conditions, and additionally under a thick snow cover (> 10 

cm), the intensity of photosynthesis can be strongly reduced. The thinnest ice cover persisting 

for the shortest time occurs in the estuarial zones of rivers (Łomniewski 1958), and 

particularly in the western part of the Lagoon, where the richness of macrophytes is the 

highest. Therefore, ice cover seems to be a significant factor affecting the distribution of 

plants. 

2.2.2. The status of macrophytes in the lagoon: Regression events and their causes 

Research conducted over more than five decades in the Vistula Lagoon (Szarejko 

1955, Ringer 1959, Pliński et al. 1978, Pliński 1995) permits the determination of certain 

trends in changes occurring in macrophyte assemblages (Pliński 1995). During that time, in 

the majority of the area of the Lagoon, the surface area occupied by helophyte assemblages 

developed by Phragmites australis and Schoenoplactus lacustris did not change. The most 

evident changes occurred in elodeid and nymphaeid assemblages. In the years 1975-1994, the 

area in the northern part of the Lagoon occupied by them decreased from 277 to 160 ha 

(Pliński 1995). In the years 1950-1970, certain plants, e.g. Stratiotes aloides and Nymphoides 

peltata, disappeared completely. Currently, Stratiotes aloides is still not recorded in the 

Lagoon. Nymphoides peltata assemblages are gradually reconstructed. The primary cause of 

the unfavourable changes occurring in plant assemblages is considered to be the Lagoon’s 

trophic status which increased particularly in the 1980’s (Pliński 1995). 

2.2.3. Macrophyte vulnerability in the context of climate change 

In the future, vegetation changes are likely to occur as a result of increased flooding 

and salinity associated with global climate change and sea level rise. Macrophytes, typical of 

fresh/brackish waters (Nuphar lutea, Nymphoides candida), can be the most prone to such 

changes. On the other hand, their current distribution is limited to estuarial areas of rivers, 

providing inflow of freshwater. Considering the strongly elongated shape of the Lagoon and 

substantial distance of the current sites of occurrence of those plants from the Strait of 
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Baltiysk, the progressing climate changes do not seem to be able to considerably affect 

macrophytes through a change in salinity. 

The remaining macrophyte species of the Lagoon are distinguished by considerable 

resistance to changes not only in salinity, but also other abiotic conditions. Moreover, plants 

can adapt their phenology and morphology to their thermal and salinity response over broad 

environmental gradients (Santamaria 2002, Santamaria et al. 2003, Achenbach 2013). 

An increase in water level can result in the migration of macrophytes to shallower 

areas, including freshly flooded ones, and their retreat from regions below the compensation 

point. 

Increased water temperature resulting from climate changes does not seem to be a 

potential limiting factor for the species occurring in the Lagoon. Their geographic distribution 

already currently shows very wide tolerance to temperature. Molecular-based studies can be 

helpful in forecasting the response of macrophytes to climate changes, including 

thermotolerance (e.g. Amano et al. 2011). 

A gradual increase in temperature can favour further cyanobacterial blooms, even 

stronger than those occurring currently, including species producing toxic microcystins 

(Rybicka 2005). Their increasing concentration can lead to the successive impoverishment of 

the species composition of macrophytes (Sayer et al. 2010). 

 

 

2.3.  The Mar Menor lagoon 

2.3.1. Macrophyte species in the lagoon and their relationship with environmental variables 

At the present time, two main macrophyte species are present in the Mar Menor 

lagoon. The macroalga Caulerpa prolifera covers approximately 90% of the lagoon bottoms 

as a dense monospecific bed on muddy sediments. Cymodocea nodosa, the traditional 

phanerogam that once dominated in the lagoon is now restricted to small patches in sandy 

shallow areas. 

Other macrophytes can also be found in the lagoon, such as, photophyllic algae 

growing on shallos rocky bottoms, mainly around the islands within the lagoon, and Ruppia 

cirrhosa, a phanerogam that is present in areas influenced by freshwater inputs. 
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This study will only focus on the two main macrophyte species in the lagoon, Caulerpa 

prolifera and Cymodocea nodosa (Figure 2.3.1.1). 

 

 

Figure 2.3.1.1. A schematic representation of the talli of the main macrophyte species 

Caulerpa prolifera (Forsskal) Lamouroux and Cymodocea nodosa (Ucria) Ascherson 

inhabiting the bottoms of the Mar Menor lagoon. 

 

Salinity 

 Due to the restricted water exchange with the adjacent Mediterranean Sea and the high 

evaporation rates salinities in the Mar Menor lagoon are high and ranges from 41 to 47. Both 

species of macrophytes seem to be adapted to this range of salinities. 

 Terrados (1991) carried out some experiments to test the salinity limits for C. prolifera 

in the Mar Menor lagoon. C. prolifera showed negative growth at salities above 50. At this 

salinity value, frond degradation increases and at salities of 60 fronds start dieing rapidly. In 

addition salinities below 30 cause apical degradation of fronds.  

Temperature 
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 Water temperatures in the lagoon oscilate between 10º C in the winter and 31º C 

during the summer. At this temperature range both species of macrophytes are able to grow 

and maintain their biomass in the lagoon.  

 Experiments carried out by Terrados (1991) showed that C. prolifera is quite sensitive 

to both extremes of this temperature range. At temperatures below 10º C C. prolifera is 

unable to maintain a positive carbon balance and starts dieing. The same way, at temperatures 

above 30º C, C. prolifera respiration exceeds photosynthesis and at temperatures of 35º C the 

plant dies.  

 C. nodosa does not seem to be limited at these temperatures and still maintains a 

positive carbon balance, leaf and rizhome groth at 10º C and at 35º C (Terrados, 1991). 

Bottom type 

 Although both species of macrophytes can be found growing on sand and mud in the 

Mar Menor lagoon, C. nodosa displays a certain preference for sandy shallow bottoms and C, 

prolifera occupies the deeper muddy bottoms of the lagoon. 

Light 

 According to Terrados (1991) and Lloret et al. (2008), light seems to be one of the 

most important limiting factors for the growth and photosynthesis of C. prolifera and C. 

nodosa. 

C. prolifera is adapted to lower irradiances, and reaches its maximum photosynthetic 

rates at irradiances around 20-50 µmol photon m
-2

 s
-1

 PAR, allowing its growth in the deepest 

parts of the lagoon. In contrast, C. nodosa requires irradiances of about 70-380 µmol photon 

m
-2

 s
-1

 PAR, a fact that, under current light conditions in the area, limits its growth to the 

shallow bottoms of the lagoon. Furthermore, C. prolifera displays photoinhibition at high 

irradiances, a fact that explains its limited growth in those shallow areas of the lagoon where 

C. nodosa is present.  

Nutrients 

 Experiments carried out by Terrados (1991) showed that C. prolifera does not seem to 

be limited by nutrient availability in the Mar Menor. Experiments showed that additions of 

nitrogen slightly stimulated C. prolifera growth. 
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 C. nodosa seems to be limited by nutrient availability in the Mar Menor lagoon. 

Nitrogen and phosphorus additions stimulated leaf and rhizome growth and increased the ratio 

photosynthesis/biomass. 

The following tables summarize the above information about the influence of the 

different environmental variables on macrophytes in the Mar Menor: 

 

Table 2.3.1.1. Influence of environmental variables on C. prolifera distribution, growth and photosynthesis 

Variable Range in the lagoon Optimum Critical Source 

Salinity 41-47 37-47 
30 (lower) 

50 (upper) 
Terrados (1991) 

Temperature 10-31º C 20-25º C 
10º C (lower) 

30º C (upper) 

Terrados (1991) 

Lloret et al. (2008) 

Bottom type 

Sandy 

Muddy 

Rocky 

Muddy Not applicable Terrados (1991) 

Light Not applicable 20-50 µmol m
-2

 s
-1

  
10 µmol m

-2
 s

-1
 (lower) 

300 µmol m
-2

 s
-1

 (upper) 

Terrados (1991) 

Lloret et al. (2008) 

Nutrients 
DIN: 1.51-8.91 µmol l

-1 

SRP: 0.00-0.06 µmol l
-1 No data 

Not limited by nutrients 

in the Mar Menor 

Terrados (1991) 

Lloret et al. (2008) 

 

Table 2.3.1.2. Influence of environmental variables on C. nodosa distribution, growth and photosynthesis 

Variable Range in the lagoon Optimum Critical Source 

Salinity 41-47 37-47 No data  

Temperature 10-31º C 15-30º C 
5º C (lower) 

35º C (upper) 

Terrados (1991) 

Lloret et al. (2008) 

Bottom type 

Sandy 

Muddy 

Rocky 

Sandy Not applicable Terrados (1991) 

Light Not applicable 70-380 µmol m
-2

 s
-1

  50 µmol m
-2

 s
-1

 (lower) 
Terrados (1991) 

Lloret et al. (2008) 

Nutrients 
DIN: 1.51-8.91 µmol l

-1 

SRP: 0.00-0.06 µmol l
-1 No data 

Limited by nutrients in 

the Mar Menor 

Terrados (1991) 

Lloret et al. (2008) 
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2.3.2. The status of macrophytes in the lagoon. Regression events and their causes 

Historically, the principal benthic macrophyte in the Mar Menor lagoon was the 

phanerogam Cymodocea nodosa (Ucria) Ascherson. In the early 1970s, one of the channels 

that communicate the lagoon with the adjacent Mediterranean Sea (El Estacio) was dredged 

and widened to make it navigable. Since then, it has become the lagoon’s main connection 

with the sea. The enlargement of El Estacio channel led to a substantial increase of water 

renewal rates from the Mediterranean, as well as subsequent changes in water temperatures 

and salinities. These changes favoured the colonisation of the lagoon by numerous marine 

species as lagoonal temperatures and salinities reached less extreme values (Pérez-Ruzafa et 

al., 1991). 

One of the main events in relation to this ‘Mediterraneanisation’ process was probably 

the colonisation of the lagoon by the invasive alga Caulerpa prolifera (Forsskal) Lamouroux. 

During the early 1980s, only a few years after the enlargement of El Estacio channel, the 

bottoms were covered by a mixed meadow of C. prolifera and C. nodosa. 

Around the same time, water derived from the Tajo-Segura river diversion, generated 

a profound transformation of the agricultural practises in the adjacent agricultural area, 

Campo de Cartagena, that changed from extensive dry crop farming of cereals, olives, 

almonds and carob beans to intensively irrigated crops. Due to increased agricultural water 

usage and decreased groundwater exploitation, phreatic levels have risen, As a result, some 

watercourses, such as El Albujón wadi, now maintain a regular flux that is fed by ground 

water with high nitrate levels. As a consequence of increased inputs, the waters of the Mar 

Menor have experienced rising nutrient levels that have led to planktonic changes in the 

lagoon (Gilabert, 2001, Pérez-Ruzafa et al., 2005). These changes have also favoured the 

proliferation of the jellyfish species Cotylorhiza tuberculata and Rhizostoma pulmo, with 

severe consequences for touristic activities in the area (Pérez-Ruzafa et al., 2002). 

Furthermore, modified light conditions of the lagoon waters might have favoured the 

expansion of C. prolifera on the bottoms of the lagoon and the confinement of the traditional 

phanerogam C. nodosa to shallow areas. 
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At the present time, a dense monospecific bed of C. prolifera covers most of the 

bottom of the lagoon, and the distribution of C. nodosa is restricted to very small patches in 

the shallowest areas (Figure 2.3.2.1). 

 

 

Figure 2.3.2.1. Evolution of the coverage of the bottom by the main macrophytes in the Mar 

Menor lagoon (Redrawn and adapted from Lozano, 1954 and Pérez-Ruzafa et al., 2009). 
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2.3.3. Macrophyte vulnerability in the context of climate change 

In the Mar Menor lagoon C. prolifera maintains a positive carbon balance throughout 

the year. Current environmental conditions allow algal growth and photosynthesis in a wide 

depth range of the lagoon (Figure 2.3.3.1) and its development and distribution is probably 

only limited by photoinhibition, emersion stress and extreme temperatures in the shallowest 

areas where C. nodosa is able to grow (Terrados and Ros, 1995; Lloret et al., 2005). 

 

Figure 2.3.3.1. Net Photosynthesis of C. prolifera at different depths in spring (black circles) summer 

(black triangles), autumn (white circles) and winter (white triangles). 

 

As in other coastal zones, a decrease in the amount of light reaching the bottom of the 

Mar Menor lagoon is to be expected as a consequence of global climate change. This decrease 

exists as a result of the combined effect of the rise in the sea-level and the decrease in water 

column transparency caused by the increase in nutrient inputs and suspended solids runoff 

(Nicholls and Hoozemans, 1996; Short and Neckles, 1999). 

Lloret et al. (2008) pointed to a certain degree of vulnerability of the benthic 

communities of the Mar Menor lagoon to eutrophication processes in the next decades as a 

consequence of the expected effects of global climate change. The critical values obtained for 

water column light attenuation have already been reached in other Mediterranean lagoons 

with similar nutrient inputs (De Casabianca et al., 1997; Sfriso et al., 2003). Furthermore, 

nutrient concentrations have been increasing in the last decades in the Mar Menor lagoon and 
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are expected to continue increasing (Pérez-Ruzafa et al., 1991, 2002, 2005; Lloret et al., 2005; 

Velasco et al., 2006). The relative oligotrophic conditions of the lagoon are expected to 

change and eutrophication processes may appear. The proliferation of jellyfish observed in 

recent years in the lagoon constitutes an example of the consequences of alteration in the 

trophic status of the system and could be an indicator of the instability of the lagoon 

parameters (Pérez-Ruzafa et al., 2002). The loss of benthic macrophytes and the appearance 

of eutrophication processes could drive to a significant decrease of habitat quality in the 

lagoon with unexpected consequences to the biological diversity of its communities. 

The highest densities of phytoplankton in the Mar Menor lagoon are found in summer, 

and these cause an increase in light attenuation. Summer photosynthesis seems to be the most 

fragile and vulnerable to the expected climate change effects. The coupled rise of water 

column light attenuation and temperature could have a deleterious impact on C. prolifera. 

Critical values of water temperature could easily be reached if predictions become true. A rise 

in air temperature is rapidly reflected in a rise of water temperatures in semi-enclosed water 

bodies. In the Mar Menor lagoon, there is a marked linear correlation between both variables, 

and the slope of the fit (close to 1) indicates that the expected increase of 3-5 ºC in 

atmospheric temperature in the warmest months will probably cause a similar increase in the 

water temperature due to the high surface/volume ratio of this water body and the low water 

exchange with the adjacent Mediterranean Sea. A rise in sea water temperature to above 30 ºC 

causes a decrease in C. prolifera photosynthesis and, therefore, critical values are expected to 

be reached more frequently (Figure 2.3.3.2). As Terrados and Ros (1991) previously 

hypothesized, summer seems to be a critical time of year for the functioning of the lagoon. 

The highest phytoplankton populations are found in this season, therefore, light extinction in 

the water column increases. Any increase in temperatures as a consequence of rising mean 

atmospheric temperatures with climate change in this season may aggravate the situation 

since, if critical values are reached, C. prolifera photosynthesis will be affected and, if this 

situation is maintained, extensive masses of the algae could die. 
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Figure 2.3.3.2. Influence of the coupled effect of water temperature and light extinction coefficient on 

C. prolifera net photosynthesis at 5 m depth in summer at (a) current sea-level and (b) future sea-level 

rise of 0.5 m. 

 

Decreased C. prolifera photosynthesis (or its death) in summer and the consequent 

decrease in its nutrient uptake will probably originate phytoplankton proliferation in the 

lagoon since higher nutrient concentrations would become available. As a result, critical 

values of light attenuation could easily be reached the following season and C. prolifera 

would be unable to recover after the impact. Any increase in light attenuation does not need to 

be high to affect C. prolifera in the lagoon. In addition, most of the macroalgae biomass is 

found below 5-m depth, where even slight increases in light attenuation cause high decreases 

of light reaching the bottom. The loss of these deeper masses of C. prolifera represents 

approximately 54% of the total estimated biomass and, therefore, the nutrient uptake of C. 

prolifera in the lagoon would be profoundly affected. A planktonic control of the system 

could then easily appear since a rise in phytoplankton densities in the water column would 

block the development of benthic macrophytes in the lagoon. 

Furthermore, an increase in light attenuation due to the loss of C. prolifera will be aggravated 

by the release of nutrients from the organically enriched sediments and the resuspension of 

solids of unvegetated bottom, which would now be more exposed to erosion. In addition, dead 

masses of the algae would increase the availability of nutrients in the system as the biomass 

decomposes and releases its nitrogen and phosphorus compounds. 
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If climate change predictions become true, the current status of the Mar Menor lagoon 

is advocated to collapse, resulting in a profound deterioration of the whole ecosystem through 

the appearance of eutrophication processes with higher nutrient concentrations, the 

proliferation of phytoplankton and floating macroalgae or even more serious phenomena, 

such as hypoxia, affecting not only the biological communities but also the main local 

economic activities, fisheries and tourism. 

 

2.4. The Tyligulskyi lagoon 

2.4.1. Macrophyte species in the lagoon and their relationship with environmental variables 

Among the environmental factors that exert significant impact on the macrophyte 

species composition in various parts of the Tyligulskyi Liman lagoon it is the water level in 

the lagoon, water salinity and temperature and oxygen regime, which is closely related to 

wind activity, that could be highlighted.  

In view of a deficiency of freshwater balance, being negative on account of intense 

evaporation from the water surface of the lagoon in the summer period, it is under the absence 

of water exchange with the sea through the connecting canal that the water level in the lagoon 

may decrease 0,6-1,0 m throughout a number of years, as it was, e.g. in 2006 - 2009. This 

leads to draining of the traditional macrophyte habitats on the stony and the sandy-and-slimy 

ground in the coastal zone in relatively narrow shallow water coastal belt of the deep southern 

and central parts of the lagoon.  

Salinity of the lagoonal waters has the strongest influence on the macrophyte species 

composition. The southern, deeper half of the lagoon, where the sea water with the salinity of 

11-16 ‰ inflows during operation of the connecting canal, is characterized by the most stable 

water salinity ranging 15 - 22 ‰ and it is here that the greatest species diversity of the 

macrophytesis observed. In the northern half of the lagoon, depending on the availability and 

intensity of the Tiligul river runoff, the water salinity during the annual cycle can vary from a 

few ‰ (during the spring flood or the high water caused by intense spring and summer rains) 

to 24 ‰ in August and September (under the lack of the Tiligul river runoff due to intensive 

evaporation). As a result, macrophyte species variety in the northern part of the lagoon is 

almost 2 times narrower than in the southern one. Salt water and brackish-salt water species 
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of macrophytobenthos (100% and 82.8%, respectively) are prevalent in the southern part of 

the lagoon, while in the northern part the role of fresh-brackish water species increases. In the 

years when the surface runoff of fresh waters into the lagoon increases (for example, under an 

intense spring flood) the proportion of brackish water and salt water species, as well as the 

overall species variety, decreases (see LAGOONS Report D3.2.3, Kovtun, 2012). 

Classification of macrophytes observed in the Tyligulskyi Liman lagoon, according to their 

attitude towards salinity is shown in the Table 2.4.1.1. According to Mitvalli (1970), in the 

case of Cystoseirabarbata, the brown algae, which is extinct in the north-western part of the 

Black Sea, but still grows in the southern part of the Tyligulskyi Liman lagoon, the salinity 

range of 15-25 ‰ is optimum for the growth and the lower salinity limit comprises 5 ‰.  

In the summer period, the water sin the shallow northern part, as well as in the shallow 

areas of the coastal zone in the central part of the lagoon are heated to the temperatures 

exceeding the optimum values for growth of the macrophytes (28 °C, according to Fu-Liu Xu 

at al., 1999). The maximum values of water temperature (30-34 °C) were registered in the late 

July - early August. The high water temperature in the shallow water zone contributes to 

intensive biochemical oxidation of the dead remains of algae organic matter and in the periods 

of long calms, which often occur in the summer, this leads to emergence of anoxic zones and 

death of hydrobionts in the shallow coastal zone, as, e.g., in the northern part of the lagoon in 

June 2013.  

In a cold winter the lagoon may be covered with ice for a period of 1 - 2 months. The 

thickness of the ice cover may be of up to 0.5 m. This causes winterkilling of the macrophyte 

associations in the shallow coastal zone and change in the dominant species within the 

association in the subsequent spring and summer period (2011). The minimum water 

temperature, under which growth of the macrophytesis secured in winter, is 5 °C (Fu-Liu Xu 

at al., 1999).  

Wind conditions affect the species composition and spatial distribution of the 

macrophytes in the lagoon in three ways: 1) provide vertical oxygen ventilation of the 

lagoonal waters; 2) cause resuspension of sediments during storms leading to reduction in the 

water transparency and creating favorable conditions for assimilation of nutrients by the 

macrophytes thus contributing to water mixing in the dense thickets of aquatic plants reaching 

the water surface; 3) initiate intense wind-wave alongshore currents under the northerly and 
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the southerly winds prevailing in the area, which may cause detachment of algae from the 

substrate and prevent their re-settlement. Various species of algae resist the hydrodynamic 

factor to varying degrees. For example, S. barbata is well adapted to sustaining conditions of 

strong wind and wave impact. The combined influence of the type of bottom sediment and 

hydrodynamic conditions causehigh-level mosaic in the spatial distribution of algae and 

availability of sites, which are almost completely devoid of attached algae, in many places of 

the shallow water zone of the lagoonon the silty-and-sandy grounds and numerous spits 

(Kovtun, 2012). 

Table 2.4.1.1. Ecological-and-geographical analysis of the macrophyte algae and higher 

aquatic vegetation in the Tyligulskyi Liman lagoon (Kovtun, 2012) 
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In the study period 

(seasonal) 

Autumn Winter Spring Summer 

CHLOROPHYTA 

ULVOPHYCEAE 

ULOTRICHALESBohl. 

1 Enteromorphaclathrata (Roth) 

Grev. 

B-S m + + + + 

2 E.compressa (L.) Grev B-S m - - + - 

3 E. flexuosa (Wulf.)J.Ag. B-S m + - - + 

4 E. intestinalis (L.) Link B p + + + + 

5 E. maeotica 

 Pr. –Lavr. 

B-S - + - + + 

6 EntocladiaviridisReinke S o + - + + 

7 Gomontia polyrrhiza (Lagerh.) 

Born. et Flah 

B-S m + - - + 

8 Percursaria percursa (C. Ag.) 

Bory 

S - - - - + 

9 Pringsheimiella scutata 

(Reinke) Schmidt 

S - + - - + 

10 Stigeoclonium tenue (Ag.) 

Kutz. 

S - - - + - 

11 Ulothrix flacca (Dillw.)Thur. B-S m - - + + 

12 U. implexa Kutz B-S p + + - - 



LAGOONS Report No. D3.3 

 
36 

13 U. limnetica Lemm. F-B - + + - - 

14 U. pseudoflaccaWille B-S m - - + - 

15 U. tenerrimaKutz. F-B m + - + + 

16 U. tenuissimaKutz. F-B m + - + + 

17 Ulvarigida Ag. B-S m - - + + 

CLADOPHORALES Fritsch 

18 Chaetomorphaaerea (Dillw.) 

Kutz 

B-S o + + + + 

19 Ch.chlorotica (Mont.) Kutz. B-S m + - + + 

20 Ch. linum (O. Mull.) Kutz S o + - + + 

21 Cladophoraalbida (Huds.)Kutz. B-S m + - + + 

22 C. glomerata (L.) Kutz. F-B m + - + + 

23 C. siwaschensis C. Meyer B-S m - - + + 

24 C. sericea (Huds.) Kutz.  B-S m + - + + 

25 C. vadorum (Aresch.) Kutz. S - + - + + 

26 C. vagabunda (L.) Van Hoek 

(=C. fracta f. marina Hauck.) 

B-S p + + + + 

27 Rhizoclonium implexum 

(Dillw.) Kutz. 

B p + - + + 

 R. tortuosum (Dillw.) S - - - + + 

28 SIPHONALES (Endl.) Blackm. et Tansi 

29 BryopsishypnoidesLamour. B-S m + - + + 

30 B. plumose (Huds.) Ag. B-S m + + + + 

 ZYGNEMATOPHYCEAE 

ZIGNEMATALES Krieg. 

31 Spirogyra decimina (Mull.) 

Kutz. 

B-S - - - + + 

32 S. hassalli (Jenner)Petit B-S - - - + + 

33 S. subsalinaKutz. F-B m - - + - 

 CHAROPHYCEAE 

CHARALES Dumor. 

34 Chara canescens Desv. et Lois. 

(=C. crinita Wallr.) 

B - - - - + 

XANTHOPHYTA 

 XANTHOPHYCEAE 

VAUCHERIALES Bohl. 

35 Vaucheria dichotoma (L.) C. 

Ag. 

- f. submarina Lyngb 

F-B m + + + + 

36 V. geminata (Vauch.) DC (= V. 

hamata Walz) 

B-S m + - + + 
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37 V. litoreaHofm. et C. Ag. in C. 

Ag. 

S m + + + - 

RHODOPHYTA 

 BANGIOPHYCEAE 

CONIOTRYCHALESSkuja 

38 Goniotrichhumelegans 

(Chauv.) Zanard. 

S m + - - + 

39 Chroodactylonramosum 

(Thwait.) Hansg. 

(=Asterocystis ramose (Thwait) 

Gobi.) 

B-S p + - - + 

40 Ch. wolleanumHansg. 

(=Asterocystiswolleana 

(Hansg.) Lagerh.) 

F-B m + - - + 

 BANGIALES Schmitz       

41 Bangiaatropurpurea (Roth) C. 

Ag. (=B. fuscopurpurea 

(Dillw.) Lyngb.) 

F-B p - + - - 

42 ErythrocladiasubintegraRosenv. S o + - - + 

43 Eritrotrichia carnea (Dillw.) J. 

Ag. 

S m + - + + 

 FLORIDEOPHYCEAE 

ACROCHAETIALES Garb. 

      

44 Colaconemasavianum 

(Menegh.) Perest. 

(=Acrochaetiumthuretii (Born.) 

Coll. et Herv.) 

S m + + - + 

45 Kyliniasecundata (Lyngb.) 

Papenf. 

B-S m + - - - 

46 K. virgatula (Harv.) Papenf. B-S  + - - + 

47 Rhodochortonpurpureum 

(Lightf.) Rosenv.  

S o + - + + 

 CORRALLINALES Silva et Johansen 

48 Fosliella farinose (Lamour.) 

Howe. (=Mel 

Obesia farinose Lamour.) 

S o + - - - 

 CERAMIALESOltm. 

49 Callithamnioncorymbosum (J. 

E. Smitz.)Lyngb. 

S p + - + + 

50 C. granulatum (Ducl.)C. Ag. S o + - - + 

51 Ceramiumarborescens J. Ag. S o + + + - 

52 C. diaphanum (Lightf.) Roth S p + + + + 

53 C. elegansDucl. B-S m + - + + 

54 C. pedicellatum (Duby) J. Ag. S p + - + + 
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55 C. rubrum (Huds) J. Ag. S p + - + + 

56 C. strictumGrev. etHarv. B-S m + - + + 

57 C. tenuissimum (Lyngb.) J. Ag. S m + - - - 

58 Chondriatenuissima (Good. et 

Wood.) C. Ag. 

S o + - + + 

59 Lophosiphonia obscura (C. 

Ag.) Falkenb. 

B-S m - 

 

- 

 

+ 

 

+ 

 

60 Polysiphonia denudata (Dillw.) 

Kutz. – f. denudata 

F-B m + + + + 

61 - f. fragilis (Sperk) Woronich. B - - + + - 

62 P. elondata (Huds.) Harv. S o + - + + 

63 P. opaca (C. Ag.) Zanard. S m + + + - 

64 P. pulvinata Kutz. S m + - - + 

65 P. subulifera (C. Ag.) Harv. S o + + + - 

PHAEOPHYTA 

 PHAEOSPOROPHYCEAE 

ECTOCARPALES Oltm. 

66 Ectocarpus confervoides (Roth) 

Le Jolis 

B-S m - - + + 

67 E. siliculosus (Dillw.) Lyngb. B-S m - - + + 

68 Pylaiella littoralis (L.) Kjellm. S - + - - + 

 CHORDARIALES Setch. et Gardn 

69 Cladosiphon contortus (Thur.) 

Kylin 

S o + - - + 

70 Corynophlaea umbellata (C. 

Ag.) Kutz. 

S o - - - + 

71 Leathesiadifformis (L.) Aresch. S o - - - + 

 SCYTOSIPHONALESFeldm. 

72 Scytosiphonlomentaria 

(Lyngb.) J. Ag. 

B-S m - - - + 

 PU NCTARIALESKylin 

73 Desmotrrichum undulatum (J. 

Ag.) Reinke (= Punctaria 

tenuissima Kutz.) 

S m - + - - 

74 Punctaria latifolia Grev. S o - - + + 

75 Striaria attenuata (C. Ag.) Grev. S o - - - + 

76 Stictyosiphon adriaticus Kutz S - + - - - 

 CYCLOSPOROPHYCEAE 

FUCALES Kylin 

77 Cystoseirabarbata (Good. et 

Wood.)C. Ag. 

S o - - + + 

MAGNOLIOHYTA 
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78 Ceratophyllimdemersum L. - o + - - + 

79 Myriophyllumspicatum (L.) - o + - + + 

80 Phragmites australis (Cav.) Trin 

ex Steud. 

- o + + + + 

81 Potamogeton pectinatus L. - m + - + + 

82 Typha angustipholia L. - o + - - + 

83 Ruppia spiralis L. - - + + + + 

84 R. cirrohosa (Petagna) Grande - - + + + + 

85 Zannichellia major Boenn. 

exReichenb. 

- o + + + + 

86 ZosteranoltiiHornem. - o + + + + 

87 Zostera marina L. - - + + + + 

 

Notation conventions: HalobityCategory: S – salt water; B – brackish water, B-S –  brackis-

salt water, F-B – fresh-brackis water species.  Saprobity Category: o-oligosaprobes; m - 

mesosaprobes, p - polysaprobes. 

 

Floristic composition of the macrophytobenthos is distributed between the saprobity 

groups as follows: 42% of all the known species in the lagoon are mezosaprobes, 22.1% - 

oligosaprobes, 13.0% - polysaprobes (Table 2.4.1.2). Comparison with the data on the Black 

Sea (Kalugina-Gutnik, 1975) (polysaprobes - 7.9%, mezosaprobes - 30.8%, oligosaprobes - 

61.3%) indicates that the Tyligulskyi Liman lagoon as a whole has a high level of organic 

pollution, since the share of the polysaprobic species in it is almost 2 timeshigher, and the 

oligosaprobic– almost three times lower than in the Black Sea (Kovtun, 2012). 

Classification of the macrophytobenthos species observed in the Tyligulskyi Liman 

lagoon by their attitude to water saprobity is given in the Table 1.  

Table 2.4.1.2. Phytosaprobity composition of the macrophytobenthos in the Tyligulskyi 

Liman (Kovtun, 2012) 

Groups Divisions Total 

CHLOROPHYTA RHODOPHYTA PHAEOPHYTA 

polysaprobity 4 (11,8 %) 6 (21,4 %) - (0 %) 10(13,0%) 

mezosaprobity 17 (50,0) 12 (42,9) 4 (33,3) 33 (42,9) 

oligosaprobity 3 (8,8) 8 (28,6) 6 (50,0) 17 (22,1) 

an unidentified 10 (29,4) 2 (7,2) 2 (16,7) 17 (22,1) 
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Total: 34 (100) 28 (100) 12 (100) 77 (100) 

Note: in parentheses -% of the total number of  taxones 

 

To further analyze the relationship between macroalgal community structure and 

environmental variables two sampling stations were selected from available benthic sampling 

in the area (Stations 2 and 5 in Figure 2.4.1.1). These sampling stations were selected since 

both environmental and macroalgal species matrices contained information for the period 

2002-2006.  Samples were taken at 0.5 m depth in June-July. 

 

Figure 2.4.1.1. Location of sampling stations 2 and 5 selected to link environmental and 

macroalgal data.  

MDS ordination of samples, based on square root transformed biomass and Bray-

Curtis similarities, was carried out (Figure 2.4.1.2). A greater degree of variability in 

community structure of the station 2 was found. Another significant feature is the strong 

difference in the community composition between the years 2002 (station 3) and 2003 (station 

5). The community structure is similar in 2006 for both stations. 
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Figure 2.4.1.2. MDS ordination of sampling stations 2 and 5 based on fourth root of 

macroalgal biomass and Bray-Curtis similarities (stress=0.06). 

 

To evaluate the effect of depth on algal community structure, samples were collected 

at different depths (0-0.5 m, 0.5-1 m, 1-2 m and 2-3 m) in the sampling station 5 (July 2011). 

PCO ordination was performed to the square root transformed biomass of macroalgae. The 

PCO ordination shows an environmental change of algae with the depth (Figure 2.4.1.3). The 

percentage of total variation inherent in the resemblance matrix that is explained by the first 

two axes is 98.8 %. PCO1 axis discriminated the gradual change of algal structure with the 

depth, while PCO2 axis separated deeper station (2-3 m). 
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Figure 2.4.1.3. PCO ordination of macroalgal community at different depths (station 5). 

 

PCA (Principal Components Analysis) was applied for the ordination of 

environmental data. The environmental variables which showed a great deal of skew were 

transformed with a log transformation (TOC, Pval, NO2, NO3, Nmin, Norg, Nval and SiO3) 

or square root transformation (Salinity, Oxygen, NH3, Porg and DOM). 

PCA analysis showed that many of the environmental variables are strongly correlated 

with the first PCO axis, showing a gradual change in the sampling stations from 2002 to 2006. 

The year 2005 in the station 2 is clearly distinguished from the other years. There is lesser 

gradual change of the environmental pattern in the station 5. The PCA1, PCA2 and PCA3 

explain 75.6 % of the total variability. The environmental variables with higher eigenvector 

values (>300) were  LogToC, Sqrt POrg, Log Pval, Log NO2 and Log Nmin  for PCA1, and 

Sqrt Oxigen, PO4, Sqrt NH3 and Log NO3 for PCA2 (Figure 2.4.1.4).   
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Figure 2.4.1.4. PCA ordination of the environmental variables on the basis of a Euclidean 

matrix. 

 

DISTLM analysis was used to identify potential models for macroalgae in Tyligulskyi 

lagoon in response to several measured environmental variables. In the sequential test of 

DISTLM analysis, only the variables SqrtS‰ and SqrtDOM had the higher significant 

relationship with the macroalgae multivariate matrix. When the “Best” selection procedure 

was used, the best model solutions contained 8 variables (LogToC, SqrtS ‰, SqrtOxygen, 

Sqrt POrg, LogPval, SqrtNH3, LogNmin and SqrtDOM). The R
2
 of the 8 variables explained 

97.5% of variation for the model. However, in the marginal test only 3 variables were 

statistically significant (SqrtS ‰,  SqrtOxygen and SqrtDOM) (Figure 2.4.1.5). 
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Figure 2.4.1.5. dbRDA plot of macroalgal data with the 8 variables that explained 97.5% of 

variation for the model. 

 

CAP (Canonical analysis of principal coordinates) analysis showed a similar 

ordination of macroalgal species obtained with MDS analysis (Figure 2.4.1.6). The first 

canonical axis separated macroalgal assemblages sampled in 2005 and in 2004 at station 2 

from those sampled in other years, while the second canonical axis separated macroalgal 

assemblages sampled in 2002 and 2003 at station 2 from the other period sampling. For 

exploratory purposes we projected the Spearman rank correlations of individual macroalgal 

species with the CAP axes. Cystoseira barbata, Ceramium rubrum and Ceramium diaphanum 

showed a high correlation with the CAP1, while some algal species such as Enteromorpha 

intestinalis or Ectocarpus confervoides were correlated with CAP2 axis (Table 2.4.1.3). 
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Figure 2.4.1.6. CAP ordination of macroalgal species from sampling station 2 and 5 during 

the years 2002 to 2006. Vector overlay of Spearman rank correlations of individual seaweed 

species with the CAP axes. 

 

Table 2.4.1.3. Canonical eigenvectors in the space of X (Coefficients for linear combinations 

of X's to form axes that have maximum correlation with canonical coordinates) 

Variable   CAP1   CAP2   CAP3 

Cystoseira barbata  0,356  0,191 -0,270 

Cladophora vagabunda -0,021 -0,155  0,109 

Cladophora liniformis  0,013  0,007 -0,010 

Cladophora albida  0,036 -0,054  0,033 

Cladophora laetevirens  0,000  0,000  0,000 

Cladophora vagabunda -0,172 -0,127 -0,240 

Cladophora sericea  0,276 -0,134  0,154 

Ceramium rubrum  0,388 -0,017 -0,023 

Ceramium diaphanum  0,594 -0,015 -0,049 

Ceramium elegans -0,007  0,015  0,004 

Ceramium tenuissimum -0,037  0,175 -0,012 

Ceramium arborescens -0,047  0,097  0,051 

Ceramium rubrum -0,111 -0,084 -0,154 

Chondria tennuisima  0,000  0,000  0,000 

Chaetomorpha linum -0,129 -0,203 -0,112 

Enteromorpha intestinalis -0,221  0,501  0,189 

Enteromorpha ahlneriana -0,225 -0,264 -0,147 

Enteromorpha prolifera  0,017  0,009 -0,013 

Enteromorpha clathrata -0,033  0,211 -0,840 

Ulva rigida -0,150 -0,210 -0,016 

Polysiphonia denudata -0,227 -0,293 -0,070 

Polysiphonia opaca -0,016  0,046  0,007 
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Polysiphonia subulifera  0,000 -0,007  0,005 

Polysiphonia denudata -0,011 -0,093  0,063 

Polysiphonia elongata  0,000  0,000  0,000 

Callithamnion corymbosum  0,080 -0,005 -0,005 

Ectocarpus confervoides -0,103  0,386 -0,012 

Bryopsis plumosa  0,000  0,000  0,000 

 

 

Results confirmed the importance of salinity on determining macrophyte community 

structure in the Tyligulskyi lagoon. Furthermore, other variables such as oxygen and organic 

matter concentrations seem to be also important for macrophyte distribution. The clear north-

south salinity gradient, as well as, water depth and its influence on light, primary production, 

organic matter accumulation and oxygen contents, are among the most important factors for 

macrophyte composition, distribution and survival in the lagoon. 

2.4.2. The status of macrophytes in the lagoon: Regression events and their causes 

The main hydrological factor which conditions a long-term tendency in variability of 

species composition of the bottom flora and fauna is its water salinity. Since launching of the 

connecting canal to the sea in 1959 salinity of the lagoonal waters has been rising gradually 

due to accumulation of salts inflowing with the sea waters. In the 1960s the average values of 

water salinity in the northern part of the lagoon made up 8.7 ‰, in the central part - 11.4 ‰, 

and in the southern part - 13–14 ‰ (Rozengurt, 1974). Under the present-day conditions the 

water salinity in both the southern and the northern parts of the lagoon may increase up to 19-

23 ‰ by the late summer – early autumn. The average annual salinity of the lagoonal waters 

is above 18 ‰. In the years with intensive spring flood water salinity in the northern part of 

the lagoon may decrease to 3-5 ‰. 

Within the latest 50 years, under the influence of the increased water salinity in the 

lagoon, the distribution of macrophytobenthos into environmental groups has changed 

towards an increase in salt water species, from 18,1 to 45,6 %, brackish – salt water species – 

from 22,3 to 37,7 % and a decrease in fresh-brackish water species – from 21,4 to 11,7 %. 

Currently the freshwater species have almost completely lost their value and persist only in 

the mouth of the intermittent Tyligul river.  
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The main causes of these changes are irregular inflow of sea water into the lagoon 

through the artificial connecting canalto the sea, reduction and instability of fresh water 

inflow from the lagoonal catchment area due to both anthropogenic and climatic factors. 

Relative isolation of the lagoon from the sea facilitated persistence of the isolated 

population of Cystoseira barbata, which had become extinct in the North-Western part of the 

Black Sea in the 1980s, in the Tyligulskyi Liman lagoon. Among the macrophytes inhabiting 

the lagoon, 1 species (Chara canescens) is in the Red Book of Ukraine and 2 species of 

aquatic flowering plants (Zostera noltii, Z. marina) are in the Red Book of the Black Sea. The 

red alga of Rhodochorton purpureum (Lighth.) Rosenv., which was found on Cystoseira 

barbata, is rare in Ukraine. Vaucheria litorea Hofm. et Ag. in C. Ag., still being a mass 

species in the lagoon, is among the ones with decreasing number of specimens in Ukraine.  

2.4.3. Macrophyte vulnerability in the context of climate change 

For the Tyligulskyi Liman lagoon vulnerability of the macrophyte associations related 

to the climate change will be determined by the volume of freshwater runoff from the 

drainage area of the lagoon and the operating conditions for the connecting canal with the sea.  

The forecasted increase in the air temperature in the 21
st
 century will condition an 

increase in the evaporation rate and, consequently, a decrease in the inflow of fresh water into 

the lagoon. On the stipulation that a periodic water exchange with the sea through the 

connecting canal is not provided, the rate of annual decline in water level in the lagoon, 

according to preliminary water balance estimates, will comprise 0,26 m per year in the period 

of 2011-2040 and 0,4 m per year in the period of 2071-2098. Consequently, rapid shoaling of 

the lagoon will occur and the macrophytes will lose their traditional habitats in the coastal 

zone, on the stony, the sandy-and-silty bottom in the relatively narrow shallow coastal zone of 

the deep southern and central parts in the lagoon. Probability of their development on fine-

dispersed silty soils, which prevail in the deeper parts of the lagoon, is very limited. 

Moreover, drainage of large water areas in the shallow northern part of the lagoon will take 

place. Shallowing of the lagoon will be accompanied by an increase in the salinity of its 

waters and in the eutrophication level of the water body due to a reduction in the water 

volume as a result of intensive evaporation.  

When the connecting canal operates systematically only in the spring months (when 

the salinity of the inflowing sea water is minimal) in order to stabilize the water level in the 
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lagoon, accumulation of salts in the lagoon will be going on, and in the second half of the 21
st
 

century it will turn into a hyper saline water body with the water salinity of above 40 ‰, 

which will lead to a significant impoverishment of the macrophyte species composition. 

When operation of the connecting canal is regulated throughout a year, it will be 

possible to stabilize the lagoonal water salinity on the whole. At the same time, in the 

southern part, it will be close to the seawater salinity (16-19 ‰), and in the northern part it 

will depend on the volume and duration of the Tyligul river runoff. 

Under all of the three considered scenarios for the changes in the lagoonal water 

salinity related to the climate change the dominant role of marine macrophyte species in 

functioning of the aquatic ecosystem of the Tyligulskyi Liman lagoon is to become more 

significant. 

Higher water temperatures in all seasons will entail an increase in production of organic 

matter by the macrophytes in the winter and the spring periods and, as a consequence, in the 

summer will lead to an increase in dissolved oxygen consumption for biochemical oxidation 

of dead remains of the macrophytes. Therefore, an increase in frequency and expansion area 

of hypoxic and anoxic phenomena in the shallow parts of the lagoon are to be expected during 

periods of prolonged calm. 
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3. Evaluation of the main environmental variables responsible for benthic 

macrofauna distribution 

3.1. The Ria de Aveiro lagoon 

3.1.1. Data sources and previous studies 

Comparatively to the other case study lagoons there is a lack of information regarding 

the ecology of benthic macrofauna in Ria de Aveiro, meaning that there are no time series or 

even seasonal data regarding the benthic communities. The most complete assessment to 

study the benthic macrofauna distribution in Ria de Aveiro was done by Rodrigues et al. 

(2011). These authors sampled the benthic communities covering the full salinity gradient and 

the whole channel system of Ria de Aveiro in Spring-Summer 1999. The study covered 248 

sampling sites and resulted in the identification of a total of 120 taxa in more than 76,350 

specimens. According to the authors, “the most abundant and frequent taxa were all annelids, 

namely Alkmaria romijni, Streblospio shrubsolii, Tharyx sp., Tubificoides benedii, Nereis 

diversicolor, Capitella sp., Pygospio elegans, Polydora ligni and an unidentified oligochaete” 

(For a complete list of the macroinvertebrates and mobile megafauna species occurring in Ria 

de Aveiro lagoon please see LAGOONS D 3.2). In order to explore the relationship between 

environmental and biological data the BIOENV procedure from the Primer v6 software 

analysis was adopted by the referred authors. Rodrigues et al. (2011) found that the main 

environmental variables responsible for benthic macrofauna distribution in Ria de Aveiro 

lagoon were: the sediment shear stress and Eh, the current velocity and flux, and the salinity. 

These authors also found that benthic macrofauna “increased from euhaline to limnetic areas 

but species richness and diversity were higher at intermediate regions”. 

 

3.1.2. Interpretation of results in the context of climate change 

As previously stated by Rodrigues et al. (2011), macrofaunal distributions in the Ria 

de Aveiro lagoon clearly correspond to the main environmental gradients observed in the 

study area, mainly that of salinity. Current velocities and their effect on sediment properties 

seem to have also a clear effect on macrofaunal composition and distributions in the lagoon.  

The expected consequences of global climate change in the area are likely to alter both 

variables in the Ria de Aveiro lagoon. Future salinity and current velocity changes in the 
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lagoon may cause a shift on benthic community composition and distribution. Macrofaunal 

assemblages in the study area respond to the strong gradient from those sites located close to 

the main inlet, characterised by more oceanic conditions, to sites clearly influenced by 

freshwater inputs. Future variations of tidal regimes, sea-level and/or freshwater discharges 

will have a clear impact on the salinity gradient, as well as on many other environmental 

variables. Inferring the consequences of these changes on benthic macrofaunal distributions is 

a difficult task but an ´upstream-migration´ of benthic communities, as well as the 

colonisation of the lagoon by marine species is to be expected. 

 

3.2. The Vistula lagoon 

3.2.1. Study area and sampling procedure 

The study was carried out in the western, i.e. Polish part of the Vistula Lagoon. The 

Vistula Lagoon is situated in the southeastern part of the Baltic Sea and it spreads along the 

distance of 91 km covering the Polish as well as Russian coast of the Gulf of Gdansk. A sand 

bar formed on the way of natural processes and called Mierzeja Wiślana separates the Lagoon 

from the sea. The Pilawska Straits forms the only connection between the Lagoon and the sea 

and it makes it possible water exchange between these water reservoirs. Muddy sediments 

occupy a predominating part of the bottom in the Lagoon, and only a narrow strip stretching 

in the coastal zone, as well as shoals, both not exceeding the depth of about 1.5 -2,0 m, are 

covered with sandy or muddy-sandy sediments. Fine-grained and medium-grained sand 

predominate. Due to shallowness of the Lagoon, the region is exposed to significant wind 

induced mixing and consequently the thermal stratification of water column is non-existent, 

(the difference in temperature at the surface and near bottom does not exceed 0.5-1.0C). The 

seasonal variability of water temperature remains in a range from -0.2C to over 25 C. A 

very fast warming of water in spring is a characteristic feature of the region. In winter, ice 

cover may appear, and it may occupy the region on average for 75 days; during severe 

winters, the presence of ice cover may extend up to120 days. The maximal thickness of ice 

cover may reach 60 cm. Salinity in the Polish zone in the range about 0.5-3,6 PSU  

(Łomniewski, 1958; Czubarenko and Margoński 2008). 
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Starting from the 80’s of the XXth century, macrozoobenthos in the Polish zone of the 

Vistula Lagoon was dominated by freshwater species (Chironomidae and Oligachaeta larvae). 

Over the last decades, an invasive species of polychaete Marenzelleria sp. has been 

predominating with respect to biomass (Cywińska and Różańska 1978, Różańska and 

Cywińska 1983, Żmudziński, 1996).  

3.2.2. Multivariate statistics 

In order to define the connections between the found species/taxa and the physical 

spatial environmental variations the canonical correspondence analysis was adopted (CCA-

package”Vegan”) (Palmer, 1993; Gockzin and Zettler, 2008; Rousi et al., 2011). 

 The data collected in 2009-2010 constituted an input database for the analysis of 

impact of physical parameters on distribution of macrozoobenthos. Over the summer period 

(July-August), samples of the sediment and fauna were collected at 56 stations covering the 

entire area of Polish zone, and sampling procedures were accompanied by measurements of 

physical parameters sediment sampling for analyses on granulometry and organic matter 

content. Samples were taken with the help of hand operated corer type HAPS (penetration 

depth – 30 cm; sampling area – 168 cm
2
). All the stations were located beyond the zone with 

coastal vegetation, starting from the depth of ca. 0.5 m. 

 Species abundances were used in the statistical analysis. Number of species was 

determined for each sample separately and then the average values for three samples were 

calculated on each station, then the obtained numbers were recalculated per m
2
.  

In total 20 taxa were found (Table 3.2.2.1) and nearly entirely they belong to infauna.. All the 

taxa found on less then 6% of all the stations were discarded from the analysis (Glockzin and 

Zettler, 2008; Rousi et al. 2011). After rejection of all the stations at which measurements and 

analyses of all the abiotic parameters were not made, and after a selection of species provided 

for analyses, there remained 40 stations and 9 taxa (Table 3.2.2.1).  

 

Table 3.2.2.1. Taxa used for CCA analyses, number of stations where particular species was found 

             mean abundance and species/taxa used for CCA analyses. 

 

taxa 
number of CCA 
stations mean abundance   

used in the   
CCA 

  where found ind. x m
-2

  analyses +/- 

Marenzelleria spp. 39 1812,4 + 
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Oligochaeta nd. 39 773,04 + 

Chironomus semireductus 33 820,17 + 

Prostoma obscurum 6 5,17 + 

Glyptotendipes gr. gripecoveni 5 31,58 + 

Procladius sp. 5 11,78 + 

Polypedilum gr. nubeculosum 4 2,03 + 

Orthocladinae nd 4 2,55 + 

Hydrobiidae nd. 3 2,18 + 

Dreissena polymorpha 2 1,44 - 

Cryptochironomus defectus 2 2,2 - 

Criodrilus lacuum 2 4,88 - 

Boccardiella ligerica 1 6,61 - 

Gammarus sp. 1 0,58 - 

Gammarus tigrinus 1 0,58 - 

Dikerogammarus sp. 1 0,78 - 

Rhitropanopeus harrisii 1 0,58 - 

Microchironomus sp. 1 0,3 - 

Polypedilum gr. scalaenum 1 0,58 - 

Paratanytarsus sp. 1 4,88 - 

 

Prior to analysis, the abundances were subjected to √√ transformation. Four abiotic 

environmental variables i.e. depth, salinity, sediment granulation and content of organic 

matter (LoI) in sediments were used as physical features of environment in CCA analyses In 

interpretation of the obtained results some additional measurements carried out in 2012-2013 

i.e. oxygen content in near-bottom water and redox potential, were also utilized.  

 In order to exclude the environmental variables that can mask impact of other factors 

(Glockzin and Zettler, 2008; Rousi et al., 2011), four CCA analyses were carried out (Figures 

3.2.2.1-4) and in these analyses (i) four environmental variable were used (Figure 3.2.2.1), (ii) 

salinity was excluded (Figure 3.2.2.2) (iii) depth was excluded (Figure 3.2.2.3)), (iv) only 

depth was used (Figure 3.2.2.4). All four analyses point to sediment features (granulation and 

LoI) as variables having impact on distribution of bottom invertebrates. However, they 

explain distribution variability only in relatively little degree. Among the dominants, 

Marenzeleria sp. prefers sandy bottom, whereas Chironomus fl semireductus is associated 

with muddy sediments. In each analysis, oligochaeta can be found in the center of Biplot, 

which indicates its adaptation to various types of sediments. That points to the fact that within 

this group there do not occur specialized species and determination of all Oligochaeta species 

would not significantly change the results of the analysis. Generally, salinity variability does 

not play and essential role, with an exception of few Chironomidae taxa (Glyptotendipes gr 

gripekoveni, Orthocladinae nd. Polypedilum sp, which were found on stations located nearby 
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the outlets of small rivers. The depth (Figure 3.2.2.4) is only related to distribution of 

Chironomus semireductus but is seems to be autocorellation with sediment parameters. 

-2 0 2 4

-4
-2

0
2

CCA1

C
C

A
2

-1
0

1

salinity

depth

LoI

median
Prostoma obscurum

Marenzelleria sp.

Oligochaeta nd.Chironomus semireductus

Cryptochironomus defectus

Glyptotendipes gr.gripecoveni

Polypedilum spp.

Orthocladinae

Procladius sp.

 

 Figure 3.2.2.1. Results of the CCA analysis calculated for transformed √√ abundances 

of macrofauna and depth, median grain size, organic matter (LoI) and salinity.  
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                  Figure 3.2.2.2. Results of the CCA analysis calculated for transformed √√ 

abundances of macrofauna and abiotic parameters excluding salinity.  
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                  Figure 3.2.2.3. Results of the CCA analysis calculated for transformed √√ 

abundances of macrofauna and abiotic parameters excluding depth. 
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              Figure 3.2.2.4. Results of the CCA analysis calculated for transformed √√ 

abundances showing the relationships between macrofauna and depth. 

 

 Distribution of species/taxa in relation to environmental variables reflects also feeding 

preferences of animals. The muddy sediment is predominantly occupied by detrytofag 

Chironomus f.l. semireductus, whereas sandy sediment is occupied by facultative suspension 

feeder Marenzeleria sp, which also occurs, though less abundantly, in muddy sediments 

where it can feed as a detrytofag. Orthocladinae and Procaldius sp. belong to species, which 

do not show connection with sediments in the analysis. 
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3.2.3. Interpretation of the results from CCA analysis 

The results obtained with CCA analysis and concerning the impact of sediment 

characteristics on zoobenthos, probably would be different if also eastern (Russian) part of 

Lagoon is included. As to salinity gradient at the cross section of the entire Lagoon, it is much 

stronger than in the Polish part alone. It particularly concerns the region in vicinity of 

Pilawska Straits situated in the eastern (Russian) part of the Lagoon. In that part of the 

Lagoon, salinity reaches the values close to those found in coastal waters of the southwestern 

Baltic Sea and this region is inhabited by species typical for the Gulf of Gdansk.  Willer 

(1927) defined the eastern part of the Lagoon as polyhaline, the western part of Polish zone – 

as oligohaline; between these two zones there is a mesohaline zone. The same author 

demonstrated impact of salinity on horizontal distribution of zoobenthos.  It is worth pointing 

that salinity in the western part of the Lagoon depends on water inflows from the open Baltic; 

therefore, it significantly changes, even within hours (Figures 3.2.3.1-2).  
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Figure 3.2.3.1. The variability of salinity in 2009-2013 along longitude with salinity values 

from 2009-2010 used for  CCA analyses. 
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Figure 3.2.3.2. Salinity from 2009-2013 vs. depth. 

 

However, salinity variability in the range occurring in the western part of the Lagoon 

is not a significant factor impacting the occurrence of the bottom fauna, because the latter is 

exclusively represented by euryhaline marine species (Marenzeleria sp., Prostoma obscurum, 

Ritropanopeus harrisi) or by freshwater species (Oligochaeta, Chironomidae). Practically, 

there do not occur specialized freshwater species. The only exception is Gammarus zaddachi, 

sporadically seen in the plant zone. 

 The other environmental factor that may also mask the results of CCA analysis is 

water oxygenation, which is highly variable (Figures 3.2.3.3-4).  
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Figure 3.2.3.3. Oxygen content (ml O2/l ) in the near bottom water layer in summer seasons of 

2012  (A) and  2013 (B).  
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Figure 3.2.3.4. Oxygen content in the near bottom water layer, in summer seasons of 2012 (A) 

and 2013 (B) vs. depth. 
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High variability of this parameter made us omit it in the analysis. The significance of 

this factor has, so far, been omitted in studies and the explanations lies in the fact that the 

region is shallow and exposed to huge water dynamics and therefore, it should be 

characterized by good water oxygenation. In 2010-2013, we conducted measurements of 

water oxygenation (with optical sound) in the coastal zone (10 cm above the bottom) at 

different wind stress, in different hours of the day and at different salinity, either indicating 

inflows of saline waters or a stagnation period. The obtained results (Figures 3.2.3.3-4) 

confirmed that usually there occurs good oxygenation, but significant declines in water 

oxygenation or even oxygen deficits may occasionally occur (Figure 3.2.3.3A). Oxygen 

deficit was observed only in eastern, the most sheltered part of the Lagoon at windless 

conditions and at high water temperature (ca. 25 C). Such situations lasted only some hours; 

inflows of saline waters, indicated by increasing salinity, or wind induced water mixing  cause 

an increase in water oxygenation. Such, short lasting deficits of oxygen most probably are not 

dangerous for dominating taxa, which on the other hand are characterized by exceptional 

resistance to oxygen deficiency (Chironomidae, Oligochaeta, Marenzella sp.). However, such 

unfavorable conditions may limit development of juveniles. Analyses of redox potential and 

black color of sandy sediments may suggest occurrence of long-lasting oxygen deficits and 

presence of hydrogen sulfide. Measurements of redox potential in sandy sediments indicated 

that only an upper 2-5 cm layer was oxygenated; beneath it, reductive processes 

predominated.  In muddy sediments even in the surface sediment layer, negative values of 

redox potential were detected.  These results, together with drastic reduction of 

macrozoobethos which followed a long iciness in winter 2012/2013, suggest that wintertime 

may be critical. Confirmation of these suppositions calls for measurements of water 

oxygenation and detection of hydrogen sulfide, also during periods with ice cover. Ice has 

always covered Lagoon in winter, therefore there should occur fauna, which is adapted to 

such conditions. It may be supposed that worsening of oxygen conditions under ice cover 

appeared together with process of eutrophication, which began in the 60s. of the XXth century 

(Wiktor, 1978; Różańska and Cywińska, 1974; Renk, 2001) and caused increase in organic 

matter in water column and on the bottom. This period coincides with the observed extinction 

of “Baltic species” (e.g. Corophium volutator, Gammarus zaddachi) which were earlier 

observed in the western part of the Lagoon. 

As a summary: 
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 In the western part of the Vistula Lagoon there are no strong horizontal and 

bathymetric gradients in salinity, temperature and oxygen content. The bottom is also 

rather homogenous and consists of two main types; sandy and muddy only. 

 The characteristic feature of the Lagoon is strong short term variability in salinity and 

oxygen content in the water. 

 Among macrobenthic invertebrates, living in the western part of the Vistula Lagoon, 

distribution of Marenzelleria sp. and Chironomus f.l. semireductus reflects the 

sediment types. Oligochaeta did not showed any habitat preferences.  

 Oxygen deficiences, related also to eutrophication, are proposed as an important 

environmental factor for the composition and distribution of macrobenthic fauna.  

 

3.3. The Mar Menor lagoon 

3.3.1. Study area, sampling procedure and methodologies 

The study was focussed on C. prolifera bottoms, a habitat that represents more than 

90% of the lagoon’s bottoms. A transect of five sampling stations was selected following the 

main environmental gradients observed in the lagoon, from shallow areas influenced by 

terrigenous inputs of nutrients and particulate materials (LG1), to the central deeper areas far 

from the influence of inputs (LG5). The study was carried out in 2003 (Lloret and Marin, 

2011). 

Macrobenthic fauna samples were collected at sites and sorted using a stereo microscope, then 

classified at species level and counted. At the same time main environmental variables were 

measured. 

Principal Component Analysis, PCA, (correlation-based transformed and normalised matrix) 

was performed using a set of environmental variables including: dissolved inorganic nitrogen 

(DIN), POM and chlorophyll concentrations, water column temperature, SOM and fine 

fraction (FF) contents, and C. prolifera biomass. The following transformations were 

necessary to reduce the skewness in the variable values: an arcsine of the square-root 

transformation of SOM and FF percentages and a log(x + 1) transformation for the rest of the 

variables. 
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Spatial and temporal differences in the species/abundance matrix were analysed using 

permutational analysis of variance (PERMANOVA, Anderson, 2001). The design consisted 

of two factors: location (Lo: five levels-stations) and season (Se: four levels). The analyses 

were based on Bray-Curtis dissimilarities of log(x + 1) transformed data and each term was 

tested using 9999 permutations of the appropriate units. 

To test how much of the variability was explained by the set of environmental variables, a 

non-parametric multiple regression analysis was used, under the DISTLM.exe routine 

(McArdle and Anderson, 2001). Each environmental variable was initially analysed 

separately (excluding other variables) in the marginal test, to test the potential relationship 

with the multivariate community (species/abundance) data. Variables were then subject to a 

forward selection procedure (sequential test, R2 selection criterion), in which the amount of 

variability explained by each variable added to the model was conditional of the variables 

already in the model. P-values for the marginal tests were obtained by using 9999 

permutations of the non-normalised and transformed data. Then, sequential tests were done 

using 9999 permutations of residuals under the reduced model (Anderson, 2001). All tests 

were based on Bray-Curtis dissimilarities, calculated among species/abundance observations. 

3.3.2. PCA analysis of environmental variables in the sampling sites 

PCA analysis of environmental data showed that, for all stations and seasons considered, the 

joined input of the first two axes explained 58.47% of total variability. PC1 accounted for 

34.24% of the variability and was essentially a combination of SOM, C. prolifera biomass 

and POM. PC2 accounted for 24.23% of the variability, and was mainly a combination 

temperature, DIN and chlorophyll a concentrations. The 2-D PCA showed the separation of 

environmental responses within groups of stations and seasons. 

Spatial variability was mainly recorded on PC1 axis, with LG1 station located in the direction 

of increasing DIN, POM and chlorophyll a concentrations and decreasing SOM and C. 

prolifera biomass. The remaining stations were located along the gradient of increasing SOM 

and C. prolifera biomass and decreasing POM. 

Seasonal variability was mainly recorded in PC2 axis with summer samples located in the 

direction of increasing temperature and chlorophyll a concentrations and winter samples in 

the direction of increasing DIN (Figure 3.3.2.1). 



LAGOONS Report No. D3.3 

 
64 

 

Figure 3.3.2.1. 2D-PCA plot. Due to the high number of samples, only the centroids were represented. 

Dashed lines represent the different seasons (Sp: Spring, Su: Summer, Au: Autumn, Wi: Winter). 

 

3.3.3. Macrofaunal species/abundance distributions 

A total of 53 benthic macrofauna species were identified in the study area. Abundances 

showed a clear seasonal pattern, with higher abundances in spring and lower abundances in 

summer and autumn (Table 3.3.3.1). MDS ordination of the samples showed a clear 

separation of stations in spring and winter, while those of summer and autumn displayed a 

more disperse ordination (Figure 3.3.3.1). 
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Table 3.3.3.1. Abundances (indiv m-2) of the main ecological groups of benthic macrofauna found in 

the Mar Menor lagoon during the study period (Number of species is shown in parenthesis). 
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Figure 3.3.3.1. MDS ordination of macrofauna samples in the Mar Menor lagoon during the study 

period (LG1: black circles, LG2: white circles, LG3: black triangles, LG4: white triangles, LG5: black 

squares). Dashed lines represent clusters based on Bray-Curtis similarities of at least 60%. 

 

PERMANOVA analysis showed significant differences among the samples for both factors 

considered, location (station) and season and the combination of both. 

DISTLM marginal tests identified SOM as the main source of variability for the 

species/abundance matrix, explaining 11.91% of the variability, followed by C. prolifera 

biomass (10.64%) and chlorophyll a concentrations (7.25%). The inclusion of all the variables 

considered in the model only explained a total of 40.44% of the total variability (Table 

3.3.3.2). 

Table 3.3.3.2. Results of the DistLM analysis of the samples. 
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3.3.4. Interpretation of results in the context of climate change 

The analysis of recorded environmental variables confirmed the existence of strong 

environmental gradients in the study area. These gradients seem to have a small influence on 

macrobenthic species distributions that are mostly defined by the organic matter content of the 

sediments and the presence of C. prolifera. The existence of a well developed bed of the 

macroalga is allowing the settlement of this benthic community and its survival is determined 

by the presence of C. prolifera in the lagoon. 

Temperature also has a very strong influence on the community structure. The 

extremely high temperatures of the summer have a clear effect on benthic species abundances, 

causing an impact on benthic community structure. It is likely that future increases of water 

temperatures or longer warmer seasons in the area as a consequence of climate changes may 

originate a severe impact on these communities and the processes and services they support.  

 

3.4.  The Tyligulskyi lagoon 

3.4.1. Study area and sampling procedure 

The macrozoobenthos in the Tyligulskyi Liman lagoon in 2001 - 2011 was 

characterized on the basis of observations conducted at 59 stations during 12 missions of the 

Odessa branch of the Institute of Biology of the Southern Seas of the National Academy of 

Sciences of Ukraine. Samples were predominantly collected in the eastern part of the lagoon. 

The benthic macrofauna in the shallow coastal areas with the depths of <1.3 m at 45 stations 

(76.3 % of the total number) was the most comprehensively studied. Location of the sampling 



LAGOONS Report No. D3.3 

 
68 

stations and their zoning, depending on the environmental factors of influence are shown in 

Figure 3.4.2.1. 

The hydroecological conditions in the district C are formed under the influence of 

water exchange with the sea through the connecting canal, which usually operates from late 

April or early May till late July or mid-August. In April and June the quality of sea water 

inflowing into the lagoon is influenced by the river runoff of the Dnieper and the Southern 

Bug (during the spring flood). In this regard, toxic pollutants, e.g., oil products, dissolved and 

emulsified in the sea water, may get into the southern part of the lagoon. Moreover, there is an 

international automobile highway with heavy traffic which runs along the southern coast of 

the lagoon and can be a source of water and sediment pollution with heavy metals contained 

in depleted fuel products in the lagoonal district C. Deep-water bottom sediments in this 

district of the lagoon are characterized by the magnesium-sodium fine-dispersed silt muds 

which have an enhanced capacity to absorb pollutants from the near-bottom waters. 

The lagoonal districts A and B are separated from the district C by relatively shallow 

bridge in the area of Chilova spit with the depths of 1.5 - 4.5 m, which prevents penetration of 

sea water towards the north. In spring and during the periods of intense rainfallin summer, the 

hydroecological conditions in the district A, especially in the shallow northern part of it, are 

affected by the water quality of the Tyligul river runoff. The sediments in the districts A and 

B at the depths of > 1.3 m are represented by silt with coquina. 

The coastal areas in the three districts are characterized by a high mosaicity of 

sediments dominated by silt with sand and coquina, silt with sand and muddy sand. The 

waters of the shallow coastal zone are mixed up to the bottom, as a result of wind action, and 

have a homogeneous hydrological and hydrochemical vertical structure. 

In the summer, depending on wind conditions and the vertical thermohaline water 

stratification, conditions for development of hypoxia and anoxia at the depths of > 5 m (the 

upper quasihomogeneous water layer) in the lagoon may occur, which creates unfavorable 

conditions for life of the benthic organisms. Under strong winds with the component being 

transverse to the lagoonal axis, hypoxic bottom water at the deeper areas of the lagoon may 

lens out into the shallow waters of the coastal zone. Moreover, hypoxic conditions may 

develop in the shallow waters in the northern part of the lagoon during long periods of calms, 

as a result of intensive biochemical oxidation of organic matter from dead macrophytes. 
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3.4.2. Results of the MDS ordination of samples 

Faunal samples were taken in three areas of the Tyliguskyi lagoon (station A, station 

B and station C) in shallow bottoms (< 1,3 m) and deeper bottoms (>1,3 m).  

 
Figure 3.4.2.1. Sampling stations (A, B and C) for macrozoobenthos sampling in the 

Tyligulskyi lagoon. Yellow points represent subsamples into the sampling station. 

 

One main feature is clear from the MDS analysis is the ordination according with the 

depth. There is a greater degree of variability in faunal community structure of the deeper 

samples (> 1,3 m). The Cluster analysis indicates a high similarity between the shallow 

sampling stations and a high dissimilarity of the deeper station C. 
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Figure 3.4.2.2. MDS ordination of macroinvertebrates assemblages from north (A), center (B) 

and south (C) of Tyligulskyi lagoon with superimposed cluster analysis at similarity levels of 

80% (green line). The data was Log(x+1) transformed before the calculation of  Bray-Curtis 

similarities (stress<0.01). 
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Figure 3.4.2.3.  Cluster analysis of macroinvertebrate assemblages. 

 

3.4.3. Variability on benthic macrofauna species/abundance distributions 

The detailed information on the macrozoobenthos species composition, number and 

biomass of various species at the depths of less and more than 1,3 m in the three selected 

areas is provided in LAGOONS Report D3.2.3. 
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In 1980-1983, according to (Polischuk, Zambriborsch, Timchenko et al., 1990), 64 

species of bottom-dwelling invertebrates were observed in the Tyligulskyi Liman lagoon, 

76,2 % of which were marine species, and 16 % - both brackish water and freshwater ones. 

By the number of specimens and the biomass Molluscs were the dominant group, which in 

various years comprised 21.9 to 83,2 % of the total number and 93,0-95,6 % of the total 

biomass. 

According to the data obtained in 2001 – 2011, 95,5 % of the number of specimens 

and 99,6 % of the biomass of the bottom macrofauna in the lagoon were formed by 29 species 

(83 % of the total number) of euryhaline marine complex. The brackish water fauna was 

represented by 6 species (17%). Molluscs prevailed among the basic taxonomical groups. The 

contribution of them in the coastal zone at the depth of < 1,3 m comprised 67,7% of the total 

number and 79.7% of the total biomass, and in the deeper areas – 79,4% and 98,4%, 

respectively. 

In the coastal zone (at the depths of <1,3 m) in all of the three districts of the lagoon 

there observed the greatest species diversity of the macrozoobenthos. Of the 35 species 

inhabiting, the species of Harmothoeimbricata (L.) is not foundin the districts A and B, as 

well as Microdeutopusgryllotalpa A. Costa– in the district B. 

The macrozoobenthos species diversity at the depths of > 1,3 m in all of the three 

districts is narrower than that of the coastal zone (A – 27 species, B – 28, C – 7). The 

difference is especially notable for the district C, where only 7 species out of the 35 observed 

in the coastal zone were registered at the depth of more than 1,3m. 

In the districts A and B the total number of macrozoobenthic organisms in the shallow coastal 

zone is 1,8 and 1,2 times higher than the relevant indices for the depths of > 1,3 m, 

respectively, and the total biomassis, on the contrary, 4,6 times and 5,6 lower. In the district 

Cvalues of the number of macrozoobenthic organisms in the coastal zone and farther off the 

coast are close in value, and the biomass farther off the coast is 13,5 times greater than at the 

coastline on account of Mytilasterlineatus. 

3.4.4. Interpretation of results in the context of climate change 

Changes in climatic conditions in the north-western part of the Black Sea and the 

adjacent Tyligulskyi lagoon become apparent in a long-term trend of rise in air and water 
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temperatures, increased evaporation rates, reduced wind speeds (Ilyin,Yu.P., et al, 2012) and 

freshwater runoff from the drainage area of the lagoon (LAGOONS Report D2.1d). The 

average annual rate of the Tyligul river decreased from 1,06 m
3
/s for the period of 1961-1989 

to 0,67 m
3
/s for the period of 1991-2007. 

The long-term trend of increase in water salinity in the Tyligulskyi lagoon, caused by 

the increase in the air temperature, evaporation, decrease in the fresh water inflow from the 

drainage area and accumulation of salts inflowing into the lagoon with the sea water, leads to 

an increase in the proportion of euryhaline marine species of the macrozoobenthos, on the 

account of a decline in brackish water species and gradual extinction of freshwater species. 

More intense heating of the surface layer of the lagoon waters in the spring and the 

summer, and the resulting intensification of production-and-destruction processes in the 

ecosystem, paired with a decrease in wind activity, lead to an increased frequency of hypoxic 

and anoxic conditions both in the bottom layer of the deeper areas of the lagoon and in the 

shallow water in the period of prolonged calm. 

As a result of the combined action of the above mentioned climatic factors, the 

macrozoobenthos species diversity has decreased from 64 in the early 1980s to 35 species at 

present. 
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4. Evaluation of the response of key lagoonal species to changes in main 

environmental variables 

4.1. Introduction 

Temperature has long been known to modify the chemistry of a number of chemical 

pollutants resulting in significant alterations of their toxicities, e.g. for fish. It is also generally 

accepted that higher temperatures increase the rate of uptake of pollutants via changes in 

ventilation rate, in response to an increased metabolic rate and decreased oxygen solubility  

(Kennedy and Walsh, 1997). An underlying mechanism of this interactive toxicity is that 

temperature alters the toxicokinetics of chemical pollutants in exposed biota (Buchwalter et 

al., 2003; Lydy et al., 1999; Maruya et al., 2005). Another mechanism probably influencing 

this enhanced toxicity is the fact that increasing temperatures can alter homeostasis and other 

key physiological mechanisms, thereby exacerbating the adverse effects of contaminants 

(Anderson and Peterson, 1969; Broomhall, 2002, 2004; Gordon, 2003; Heath et al., 1994; 

Patra et al., 2007). Some populations, particularly those living at the edge of their homeostatic 

or physiological tolerance range, may be more vulnerable to the dual stresses of climate 

change and contaminant exposures (Anderson and Peterson, 1969; Gordon, 2003; Heath et al., 

1994; Patra et al., 2007). 

 The analysis carried out in this study compared the current situation in each coastal 

lagoon and future conditions due to climate change effects. The effects of actual temperature 

average have been compared with the future temperature amphipods will stand and also the 

effect of toxic sediments from their natural environment (Dorgelo, 1976, 1977; Kinne, 1983; 

Steele and Steele, 1991; Charmantier, 2000; Cacabelos et al., 2010). 

Table 4.4.1.1. Ranges of environmental variables influencing studied amphipod species survival and distribution. 

Species Variables 
Range in 

the lagoon 
Optimum Critical Source 

G.aequicauda 
Tª (ºC) 10 - 30 18-20 35 (Gilabert, 2001; Prato et al., 2008) 

Salinity (‰) 39 - 47 15-36 0-3 (Gilabert, 2001; Prato et al., 2008) 

G. chevreuxi 
Tª (ºC) 12- 23 8-25 26 (Subida et al., 2005) 

Salinity (‰) 0 - 36 0-15 No data (Vaz and Dias, 2008). 

Dikerogammarus sp. 
Tª (ºC) (- 0) - 26  No data 27.8 (Wijnhoven et al., 2003) 

Salinity (‰) 0 - 6.5 No data 25 (Bruijs et al., 2001) 
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4.2. The Ria de Aveiro lagoon 

4.2.1. Acute toxicity tests 

Following standard protocols for acute toxicity test, the present study revealed that G. 

chevreuxi mortality increased with temperature. Figure 4.2.1.2 shows G. chevreuxi mortality 

at three temperatures and sediments from different stations ordered in a gradual range of 

toxicity on a 10 days assay. These data evidenced that the mortality rate of animals increase 

dramatically with the temperature (ANOVA, p<0.05). We can appreciate that control station 

shows mortality rate below the accepted 20% control mortality for routine toxicity testing 

under the three temperatures tested. We also run a 26ºC test; in this case we obtained a 0% 

survive rate in all stations. On the other hand, in the other three stations the mortality 

statistically increases with the temperature (ANOVA p< 0.05; Post-hoc test, Tukey test).  

Even under low temperature (15ºC) the G. chevreuxi mortality rate increases in Bico, 

Chegado, Estarreja. It may be due to toxic sediments. This results are coincident with the ones 

obtained in Mar Menor test. Besides, the station with more metals concentration (Estarreja) is 

the one which presents the highest mortality rate, in 20ºC and 23ºC confirming that the 

mortality increased as temperature increased in toxic sediments. 
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Figure 4.2.1.1. Pictures showing the sampling site and the experimental set up of laboratory acute 

assays with Gammarus chevreuxi. 
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Figure 4.2.1.2. Gammarus chevreuxi mortality at three temperatures and sediments from 

different stations ordered in a gradual range of toxicity on a 10 days assay. The letters show 

the stations with significant difference, Post-hoc Tukey test (p <0.05). Vertical bars indicate 

the mean ± SE. 

 

4.2.2. Behavioural tests 

Regarding to behavioural test (Fig. 4.2.2.1), in this case there is not previous 

information about the daily pattern of G. chevreuxi. Previous tests revealed that this amphipod 

showed an increase of its activity during the light period. This is the opposite behaviour as G. 

aequicauida. Nevertheless, after the 48h test with two temperatures and same sediments than 

in acute toxicity test the results revealed that G. chevreuxi experiments a reduction of the 

activity when the control station was compared with the other three stations, for both 

temperatures, as expected. The study showed also significant differences in swimming 

activity of Control and Bico stations between the two temperatures exposed. G. chevreuxi has 

more vertical swimming at 23ºC in this two stations, one without contamination and the other 

one with low levels of  metals. On the other hand, the amphipod shows a decrease of 
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swimming activity in both temperatures when is exposed in stations with higher  metals 

concentration. 
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Figure 4.2.2.1. Activity recorded for G. chevreuxi during light period. The horizontal bars 

show the stations with significant differences with post hoc Tukey test HSD (p <0.05). 

Vertical bars indicate the mean ± SE. Asterisks indicate significant differences at the same 

station at different temperatures (Student's t test, p> 0.05). 

 

4.2.3. Interpretation of results in the context of climate change 

 The Aveiro region is industrially, agricultural and commercially important and, 

historically, this has caused anthropogenic pressure on the lagoon, namely through industrial 

effluent loadings in the past. Some of these are still of particular concern in specific areas of 

the lagoon as a result of this historical contamination by metals, e.g. mercury contamination 

in the 2 km
2
 inner Laranjo basin (Pereira et al., 2009). The sediments in this basin area near 

the industrial complex of Estarreja are still contaminated, and exceed statutory standards for 

mercury (Pereira et al., 2009). The sampling stations were chosen along a gradient ofmetals 

concentration. Estarreja is the station with highest contamination, metals content decrease in 

Chegado and Bico respectively. We analyzed the likely relation between the increase of water 

temperature due to the climate change and its effects in toxic sediments for G. chevreuxi as 
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amphipod representative of this area. The results showed an increase of mortality rate with an 

increase of temperature, it also happens to Corophium insidiosum (Prato et al., 2008b). As 

both amphipods are present in Ria de Aveiro, it is suggested that the obtained results are due 

to a bioenergetic disadvantage. Regarding the reduction of locomotor activity of G. chevreuxi 

in sublethal experiment, similar results have been found in Talitrus saltator (Ugolini et al., 

2012) showing higher sensitivity to sediments contaminated with different Hg concentrations. 

These results showed the possible negative effects that an increase of water temperature could 

have in G. chevreuxi, since disturbance of the role of key species could cause cascade effects 

at higher levels (population and community). Therefore, focusing on the behavioural 

responses of all species with a key role in ecosystems could markedly improve the 

environmental risk assessments. 

 

4.3. The Mar Menor and Tyligulskyi lagoons 

4.3.1. Selection of the test species 

The Mar Menor and Tyligulskyi lagoons present many similarities regarding 

temperature and salinity.  Both systems have big temperature gradient between Winter and 

Summer periods. The high temperatures occur also during the driest period. In addition, both 

lagoons are characterised by scarce freshwater inputs.  Mar Menor presents ephemeral 

watercourses (called wadis), which are generally inactive, while Tylihulskyi lagoon receives 

freshwater from Tyligul River, which nowadays decreased its runoff considerably. Due to 

current hydrological situation both lagoons are already unable to compensate the water losses 

through evaporation. This phenomena cause an increase of water salinity, hence, causing a 

shift of microphytobenthos distribution towards an increase in salt water species. 

 Gammarus aequicauda is one of the most commmon and abundant amphipods from 

lagoonal and brakish environments of the Mediterranean and Black Sea and a common 

species present in both studied lagoons. This amphipod tolerates a highly variable salinity, 

including hypo-osmotic conditions (Prato and Biandolino, 1990; Petrescu, 1994; Delgado et 

al., 2009). Due to the similarities between both lagoons in key environmental variables, as 

temperature and salinity, and taking in account that G. aequicauda is present in Mar Menor 

and Tylihulskyi we had run acute and sublethal toxicity test with metals in order to analyze 

the possible response to a clime changes scenario  by estuarine organisms.  
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Figure 4.3.1.1. Pictures showing the experimental set up of laboratory acute and behavioural 

assays with Gammarus aequicauda. 

 

4.3.2. Acute toxicity tests 

Regarding acute toxicity test, the present research revealed that mortality of G. 

aequicauda  increased with temperature. Figure 4.3.2.1 shows G. aequicauda mortality, after 

being exposed, for 10 days, to sediments from different stations and at three temperatures in a 

complete cross design experiment. These data evidenced that the mortality rate of animals 

increase dramatically with the temperature (ANOVA, p<0.05). We can appreciate that the 

control station shows a mortality statistically similar to Station 1 and Station 2, both with 

toxic sediments. As well,  presented similarities with the mortality results of 25ºC of Station 

3, which present the highest  metal concentration. Besides, mortality rates were significantly 

affected by temperature in each station (Post-hoc, Tukey test), they showed an increase in 

mortality rate at 25ºC and 30ºC. We run also experiments at 35ºC and the results showed a 

100% of mortality including in the Control station. These data evidenced that the mortality 

increased with temperature . Although, all treatments exhibited low control mortality rates 
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(below the accepted 20% control mortality for routine toxicity testing), mortality rates were 

significantly affected by temperature and sediments. These results are supported also by  

Prato (Prato, et al., 2009) for the amphipod G. aequicauda and by the works done by Khan et 

al. (2007) in crayfish. The temperature-related increase in toxicity of metals has been reported 

in other crustaceans (Vernberg and Vernberg, 1972; O’Hara, 1973) and invertebrates (Bryan, 

1971; Manley, 1983; Depledge, 1987; Khan et al., 2000).  
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Figure 4.3.2.1. Gammarus aequicauda mortality at three temperatures and sediments from 

different stations ordered in a gradual range of toxicity on a 10 days assay. The letters show 

the stations with significant difference, Post-hoc, Tukey test (p <0.05). Vertical bars indicate 

the mean ± SE. 

 

4.3.3. Behavioural tests 

Previous studies from Morillo-Velarde (2010) revealed that G. aequicauda displays a 

nocturnal activity pattern, with increased activity during the dark period.  Their study also 

showed that the most noticeable effects of a metal (Cd) was observed in the total movements 

recorded during the dark period. On this basis we study the activity of G. aequicauda during 

   STATION  1               STATION  2                

STATION 3 
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48h with several temperatures and using same sediments as in the toxic test. The results (Fig. 

4.3.3.1) showed again this daily pattern with higher activity during dark period.  We observed 

that at 30ºC the activity showed an significant increase in the control station, which may be 

due to an escape response to an unfavorable condition (a primary reaction of animals to 

stressful conditions) (Gerhardt, 1999). This behaviour is also observed in the amphipods 

tested in Station 1 sediment. On the other hand in Station 2 we observed a statistical decrease 

of the activity in both temperatures. It might be due at sediments toxicity is high enough to 

affect their locomotion scape response. (Two way ANOVA, p <0.005 and Post-hoc test, 

Tukey test). These results agree with previous studies (Wallace and Estephan, 2004) that 

found vertical swimming activity more sensitive to Cd exposure because of the presumed 

greater energetic costs associated with producing enough thrust to attain the lift required to 

make vertical ascent into the water.  
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Figure 4.3.3.1. Activity recorded for G. aequicauda during dark period. The letters show the 

stations with significant difference  post hoc test of Tukey (p <0.05). Vertical bars indicate the 

mean ± SE. Asterisks indicate significant differences at the same station at different 

temperatures (Student t test, p> 0.05). 
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4.3.4. Interpretation of results in the context of climate change 

The results of the present trials have provided information about a free-living 

epibencthic amphipod, as a potential test species in the sediments toxicity assessment. 

Gammarus aequicauda was chosen for many reasons. It is readily available and easy to 

handle. Also it shows a high tolerance to different salinities, temperatures and is sensitivity to 

the reference toxicant. 

Sensitiviy to the heavy metals has been reported by Prato  (Prato and Biandolino, 

2005; Morillo-Velarde et al., 2011), to salinity by Delgado (L.Delgado et al., 2011) and for 

temperature by Prato (E. Prato, 2011). Our study considers the correlation between 

temperature and heavy metals as a likely situation due to climate change. The results showed 

that G. aequicauda present a low survival in sediments with high heavy metal concentration 

and also there is a influence ones the exposure happened at high temperature. On the other 

hand behavioural test allowed us to study the effects of sublethal exposure in the amphipods. 

Even if the heavy metal concentrations have not letal levels the impact in the organism, their 

locomotion can be affected which is required by gammarids to find food, avoid predation, and 

mate, like other biologic functions. The results of our behavioural test showed a clear effect in 

the vertical swimming activity due to a high temperature exposure in the control station while 

in stations with heavy metals the reaction is again a decrease of the activity but likely due to 

the effects of the toxic sediments. 

 

4.4. The Vistula lagoon 

4.4.1. Preliminary results of behavioural tests 

The Ponto-Caspian amphipod, Dikerogammarus sp. is a recent and successful invader of the 

River Rhine. As it has an extensive invasion history in Europe, it is thought to have potential 

to reach and invade the Great Lakes in America. It has dispersed over large distances in a 

short time (Bruijs et al., 2001).   By these capacities for adaptation Dikerogammarus may be 

able to survive ballast water exchange and subsequently be dispersed over large distances by 

means of ballast water and to develop large populations in temperate areas on a global scale. 
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Figure 4.4.1.1. Pictures showing the sampling site and the experimental set up of laboratory 

acute assays with Dikerogammarus sp. 

 

 Behavioural responses are linked to complex biochemical and physiologic changes 

and may act as sensitive indicators of the sublethal effects of pollutants. This trial investigates 

for the first time changes in the locomotors activity rhythms of the amphipod 

Dikerogammarus exposed to tree different temperatures as a model to study the effect of 

likely Climate changes on an ecologically important species. In the light of these preliminary 

results, the Dikerogammarus showed a nocturnal behaviour. We exposed Dikerogammarus to 

three different temperatures in order to studied his natural behaviour (18ºC) and the reaction 

of the amphipod to high temperature, 26ºC temperature is still inside the current rate of the 

lagoon. On the other side we run a third temperature, 29 ºC as extreme one expected due to 

climate change events. The results showed (fig. x) amphipod presents higher activity during 

the dark part of the day (18ºC). Therefore when it is exposed a high temperature its behaviour 

change increasing the diurnal activity. It may be due a escape response to an unfavorable 
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condition (Gerhardt 1999). Hence the preliminary results showed that the effects of the 

temperature during the period with higher activity, which correspond with dark phase, showed 

that the vertical activity of Dikerogammarus present an tendency to decrease, but we this 

preliminary results  were not support for an robust statistic.  

Therefore when it is exposed to an extreme temperature (29ºC) the day activity decreases 

again (fig 4.4.1.2-3). Probably, ventilatory activity increased to a maximum as water 

temperature increased, because of a higher metabolic rate on one hand and decrease in 

dissolved oxygen concentration on the other. This energy expenditure constitutes a detriment 

in the swimming capacity.  But to assure this results further research would be required in 

order to optimize the methodology and obtain statistical difference. 
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Figure 4.4.1.2. Movements per minute of Dikerogammarus during a day. White bars 

represents the activity (mov/min) during the light phase of the day. Dark bars showed the 

activity during the dark phase of the day. Data is expressed as mean ± S.D. 
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Fig 4.4.1.3. Percentage of activity during the light phase of the day. Data is expressed as mean 

± S.D. Different letters indicated statisttically differences from each other (t-Student test. p< 

0.05) 

4.4.2. Interpretation of results in the context of climate change 

Results of the preliminary behavioural tests showed a clear influence of temperature 

over amphipod’s activity patterns. The variations observed in the number of movements per 

minute in the range between 18 and 26 ºC corresponded to a ‘typical’ or expected result, 

considering the effects of temperature on amphipod metabolism and movement rate and the 

range of temperatures observed in the Vistula lagoon. However, temperatures of 29 ºC, only 3 

ºC above the maximum temperature observed in the lagoon in summer, are enough to 

originate a detrimental effect over amphipod activity patterns and caused a decrease in the 

number of movements during the day. This fact highlights the existence of a certain degree of 

amphipod population vulnerability to the expected temperature increases due to climate 

change in the study area. 
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