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Solar saltworks are MAN-MADE

SYSTEMS for the extraction of salt from

seawater, by means of solar

evaporation.

They are also COASTAL AQUATIC

ECOSYSTEMS OF CONSIDERABLE

HETEROGENEITY: They combine a full

spectrum of environmental types along

a strong salinity gradient, starting with

the lagoonal environment of the initial

few evaporation ponds and ending in

the harsh, extremely hyperhaline

environment of the crystallizers.

The solar saltworks biological system
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Solar saltworks are MAN-MADE SYSTEMS for

the extraction of salt from seawater, by means

of solar evaporation.
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Solar saltworks are MAN-MADE SYSTEMS for

the extraction of salt from seawater, by means

of solar evaporation.
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Salt type World production

Solar salt 80,000,000 t/y

Rock salt 60,000,000 t/y

Brines 70,000,000 t/y

Total 210,000,000 t/y

Salt production world-wide 

Salt user Salt consumption

Chemical industry 130,000,000 t/y

Food 60,000,000 t/y

Other 20,000,000 t/y

Salt consumption world-wide 
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Caustic / Chlorine 36%

Soda Ash 17%

Other Chemicals 3%

Human Consumption 22%

Road De-icing 12%

Other Uses 10%

Main salt uses world-wide
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• ENVIRONMENTAL BALANCE of salt production 

speaks in favour of solar saltworks
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Solar saltworks are considered to

be habitats of GREAT

ECOLOGICAL IMPORTANCE and

their proper management and

conservation are imperative, all

the more as COASTAL AQUATIC

ECOSYSTEMS ARE SHRINKING at a

worldwide scale (Primack 2000).

Kalloni Saltworks low salinity ponds
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The BIOLOGICAL SYSTEM of the solar

saltworks, through its diversity and

multiplicity of functions is ESSENTIAL for

the production of GOOD QUALITY SALT

(Davis 2000; Korovessis & Lekkas 2000).
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Salt that looks like a 

crystal, but it is an 

agglomerate.

The agglomerate can 

be broken by hand.

Impurities are imbedded between 

the small crystal fragments. Salt 

not well upgradeable.

Solar salt from poorly managed saltworks

Solar salt from well managed saltworks

Hard, clear crystal, impossible 

to break by hand.

Impurities are only on the crystal 

surface. The salt is very well 

upgradeable with low losses.
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The PHYSICAL AND CHEMICAL

DIVERSITY of solar saltworks is

reflected in the DIVERSE FLORA

AND FAUNA that is adapted to

and colonises each environmental

type in the saltworks system

(Davis 2000).

Kalloni Saltworks low salinity ponds
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The importance of the biological system of solar

saltworks has been appraised mainly in:

(1) the importance of PLANKTONIC ORGANISMS and

BENTHIC MICROORGANISMS for the salt production,

(2) the RICH WATERFOWL AVIFAUNA they usually support

and

(3) the PLANKTONIC ORGANISMS they host that find

applications in aquaculture and biotechnology

Principles of Conservation in TW systems
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MACROBENTHIC INVERTEBRATES is a LESS APPRAISED but

equally important biotic component of saltworks

ecosystems

(1) they are a fundamental FOOD SOURCE for the waterfowl,

(2) they interact with the other biota through TROPHIC

RELATIONSHIPS and

(3) they have a considerable impact on the SEDIMENT

PROPERTIES e.g. by BIOTURBATION.
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In biological ASSESSMENT & MONITORING of all aquatic

ecosystems, Phytoplankton and Macrobenthic

invertebrates are considered to be two FUNDAMENTAL

QUALITY ELEMENTS OF THEIR ECOLOGICAL STATUS

(Gibson et al. 2000; EC-WFD 2000, EC 2003).

Consequently, the ASSESSMENT and MONITORING of the

status of these BIOTIC COMPONENTS should be applied in

saltworks ecosystems as well.
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Recent PUBLICATIONS that consider the

MACROBENTHIC INVERTEBRATES COMMUNITIES &

PHYTOPLANKTON flora of the saltworks are,

comparatively to other coastal ecosystems, VERY

FEW, with the information given being in most

cases only preliminary results (e.g. Vieira &

Galhano 1985; Britton & Johnson 1987; Vieira &

Amat 1997; Pavlova et al. 1998).
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This specific part of the lecture consists a contribution to the better

understanding of the BIOLOGICAL SYSTEM STRUCTURE AND FUNCTIONING

in Eastern Mediterranean Saltworks (Study sites: Kalloni Saltworks - Lesvos

Island, NE Aegean Sea, E. Mediterranean and Margherita di Savoia – Adriatic

Sea, C. Mediterranean).

It focuses on the LOW SALINITY PART OF THE SALTWORKS (salinity range:

seawater – 70 ‰) that has affinities with the ecosystem of natural coastal

lagoons.

The specific aims of the study on the Saltworks biological system are:

(1) to provide comprehensive information on the SPATIAL VARIATIONS of

PHYTOPLANKTON and MACROBENTHIC INVERTEBRATES DESCRIPTORS (species

composition, abundance and biomass) along the salinity gradient at the low

salinity ponds,

(2) to COMPARE the BIOLOGICAL SYSTEM between the low salinity ponds of

SALTWORKS and that of NATURAL COASTAL LAGOONS.

Principles of Conservation in TW systems
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• Research on macrozoobenthic communities of Mediterranean 

Saltworks        scattered info worldwide till recently (very few related 

papers existed, e.g. Britton & Johnson 1987, Pavlova et al. 1998, Vieira & 

Amat, 1997)

• Investigation on response of benthic macroinvertebrates 

descriptors to abiotic stressors       salinity gradient or environmental 

gradient ??

• Macrobenthic communities of saltworks (‘semi-natural’ ecosystems) 

natural Coastal Transitional Ecosystems (e.g. lagoons, estuaries)

• Different Saltworks: similar ecosystems       BUT also each one 

unique?

• Macrozoobenthic community diversity - biological management in 

Saltworks

Principles of Conservation in TW systems
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The study area is located at Kalloni

Saltworks (Lesvos Island, NE Aegean Sea,

Hellas).

Along the coastline of Kalloni Gulf

several small wetlands exist, the largest

of them being Kalloni and Polychnitos

saltworks.

Kalloni Gulf, its wetlands and its coastal

zone constitute a proposed “Site of

Community Interest” in the NATURA 2000

network for the conservation of the

diversity of its habitats as well as for the

preservation of the nesting, wintering

and resting grounds it provides for its rich

avifauna.

STUDY AREA

Principles of Conservation in TW systems
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Kalloni Saltworks: 3nd Biggest saltworks in Greece, NATURA 2000 site
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Six sampling stations along the salinity gradient (45 – 72 ‰)

One sampling, in November 2004

SAMPLING DESIGN

A1

B1

C1

D1

E1

F1

Principles of Conservation in TW systems
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Samples collected:

(1) Water column samples (4 replicate samples) for

phytoplankton analyses.

Phytoplankton species were identified and counted in

Lugol solution fixed samples according to the Utermöhl

method (Utermöhl 1958). Phytoplankton biomass was

measured indirectly as Chlorophyll a concentration.

(2) Sediment samples (5 replicates) for the analyses of the 

macrobenthic invertebrates (0.5 – 2 cm).

The invertebrates were sorted out in the laboratory, 

identified, counted and weighted (wet biomass including 

the shells in the case of molluscs). 

METHODOLOGY

Principles of Conservation in TW systems
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Phytoplankton in the Utermöhl samples were identified into

a total of 48 taxa, belonging to:

(1) Bacillariophyceae

(2) Dinophyceae

(3) Euglenophyceae

(4) Cryptophyceae

(5) Cyanophyceae

(6) Haptophyceae

(7) Dictyochophyceae and

(8) a group of unidentified Nanophytoplaktonic species.

Most of the taxa identified in the study area belonged to

Bacillariophyceae (23) and Dinophyceae (16). The

photoautotrophic ciliate Mesodinium rubrum was also

recorded in the study area.

PHYTOPLANKTON

Pleurosigma sp.
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Diatoms (Bacillariophyceae) were 

found at every station but were 

abundant primarily at the E1 pond

station and secondly at the Kalloni 

Gulf station and F1 pond station

(e.g. Thalassionema spp., 

Cylindrotheca closterium).

Dinophyceae taxa were present at 

all sampling stations but were 

abundant mainly at the C1 and E1 

pond stations (e.g. Oxyrrhis marina, 

Gymnodinium sanguineum).

Oxyrrhis marina

Gymnodinium sanguineumCylindrotheca closterium
Thalassionema sp.
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Euglena acusformis (class

Euglenophyceae) was very abundant

at the B1 and C1 pond stations and

was also present at the E1 and F1

pond stations.

Cryptophyceae sp. 1 was recorded at

all sampling stations and was

abundant at the F1 pond station. A

second cryptophycean species

(Cryptophyceae sp. 2) was also

abundant at the F1 pond station.

The photoautotrophic ciliate

Mesodinium rubrum was recorded at

all stations except at the Kalloni Gulf

station and the E1 pond station and

was abundant at the D1 pond station. Euglena acusformis

Cryptophyceae sp. 1

Mesodinium rubrum

Principles of Conservation in TW systems
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Mean total phytoplankton abundance

and biomass (Chl-a values) maxima

(1718 cells mL-1 and 6.3 mg m-3

respectively) were recorded at the B1

pond station due to a Euglena

acusformis bloom.

Mean total phytoplankton abundance

and biomass minima (27 cells mL-1

and 0.7 mg m-3 respectively) were

recorded at the Kalloni Gulf station.

More phytoplankton taxa were

identified at the Kalloni Gulf station

than at any other station in the

saltworks ponds.
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Octactis octonaria var. pulchra

In many solar saltworks,

(1) the low salinity ponds are characterized by clear waters,

as microalgae are present in low quantities (Davis 1978,

1990; Javor 1983; Britton & Johnson 1987), a fact that has

been attributed to nutrient limitation (Javor 1983).

(2) the phytoplankton community has been reported to be

composed mainly of benthic microalgae, i.e. benthic and

epiphytic diatoms, dinoflagellates and cyanobacteria

(Javor 1983; Davis 1990; Segal et al. 2006).

In Kalloni Saltworks,

(1) Phytoplankton blooms apparent in particular periods

(2) planktonic diatoms, dinophyceae, cryptophyceae as

well as nanoflagellates: abundant in low salinity ponds.

(3) benthic diatoms and cyanobacteria were often observed

in the water column samples but were not abundant.

Principles of Conservation in TW systems
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Euglena acusformis was present in all saltworks ponds and

constituted the bulk of phytoplankton biomass in the two

initial ponds, especially in the first, where it formed a

virtually monospecific algal bloom.

High abundance of Euglena acusformis in the first pond

has also been observed in the past (December 2003 -

Evagelopoulos et al. 2005).

As euglenoids are known to be favoured by organic

enrichment (Reynolds 2006), the recurrent Euglena

acusformis blooms may consist an indicator of

eutrophication in the initial low salinity ponds of the

saltworks in winter 2004.

This finding contrasts with the oligotrophic character

that is generally expected in the low salinity ponds of a

solar saltworks (Davis 1978, 1990; Javor 1983; Britton &

Johnson 1987).
Euglena acusformis

source: Tomas (1993)
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Mesodinium rubrum is a photosynthetic

planktonic ciliate that forms conspicuous

red tides in estuaries and coastal waters

(Williams 1996; Crawford et al. 1997;

Hansen & Fenchel 2006).

As Mesodinium rubrum blooms have been

linked to coastal eutrophication (Williams

1996), the presence and high abundance

of this ciliate species in the low salinity

ponds of Kalloni Saltworks may consist

another indicator of eutrophication in

winter 2004.

Mesodinium rubrum
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The finer spatial scale of our sampling

scheme enabled us to observe that

although many of the abundant species

were common to all or most of the ponds,

different species were dominant in each

individual pond.

The abundant species did not belong solely

to diatoms, as was reported from other

solar saltworks (e.g. Britton & Johnson

1987), but to several other classes as well.

Phytoplankton spatial heterogeneity

seems thus to be significant in the low

salinity ponds at Kalloni Saltworks, at least

in terms of the abundant species.
Bacillaria paxillifera
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At the Kalloni Gulf station (sea), the

phytoplankton community was more diverse

and consisted mainly by species that are

typical of coastal marine phytoplankton.

In the saltworks pond stations, the

phytoplankton assemblages were less species

rich, however dominance was stronger and

the abundant species either did not occur at

the marine or were present there but in low

abundances.

Total phytoplankton abundance and biomass

were much higher in the pond stations.

Similar observations have been reported

from natural coastal lagoons, a habitat type

that has common features with the low

salinity ponds of solar saltworks (Guelorget &

Perthuisot 1992).

Lithodesmium undulatum
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The macrobenthic invertebrates 

were identified into a total of 54 

taxa, belonging to 5 groups:

❑ Mollusca (23) 

❑ Polychaeta (16) 

❑ Crustacea (13) 

❑ Insecta (1)  

❑ Nemertea (1)

MACROBENTHIC INVERTEBRATES

Principles of Conservation in TW systems
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Molluscan taxa with highest abundance (to

hundrends even thousands of ind.) values were

the gastropods Hydrobia acuta at the B1 – F1 pond

stations and Bittium reticulatum at the Kalloni

Gulf station (sea) .

Molluscan species also abundant (however with

much less ind. in relation to the aforementioned)

at the Kalloni Gulf station (sea) were the

gastropods Rissoa ventricosa and R. guerinii as

well as the bivalve Tellina donacina.
Hydrobia acuta Bittium reticulatum

Tellina donacina

Rissoa ventricosa
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The most abundant species of Polychaetes

were Malacoceros fuliginosus at the Kalloni

Gulf station (sea) and B1 pond station and

Capitella capitata at the Kalloni Gulf station

(sea) and B1 and E1 pond stations.

Malacoceros fuliginosus

Capitella capitata
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The Amphipod Crustacean Microdeutopus

gryllotalpa was the only abundant crustacean

species at the B1 pond station

Insecta were represented by the larvae of a

single Chironomidae species at the C1, D1 and

E1 pond stations

A single Nemertea species was found only at

the Kalloni Gulf station (Sea)

Microdeutopus gryllotalpa

Chironomidae larvae
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Low values of mean total density and biomass

were recorded at the Kalloni Gulf station.

Maxima of mean total density and biomass

were recorded at the D1 pond station, mainly

due to:

the high abundance of Hydrobia acuta and

the high biomass of Cerastoderma glaucum.

After the D1 station, both mean total

abundance and biomass gradually declined to

their minima at the F1 pond station.

Both mean total abundance and biomass were

dominated by molluscs at every station.

Total number of macrobenthic invertebrates

species gradually declined along the station

sequence, from a maximum of 38 species at

the A1 station (i.e sea) to a minimum of 4

species at the F1 station (i.e. most isolated

saltworks pond).
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The SPATIAL PATTERN OF MACROBENTHIC

INVERTEBRATES of composition, abundance and

biomass in the low salinity ponds of Kalloni

Saltworks is similar to what has been described

in other solar saltworks (e.g. Britton & Johnson

1987) as well as natural coastal lagoons (e.g.

Nikolaidou et al. 1988; Koutsoubas et al. 2000a,b;

Reizopoulou & Nikolaidou 2004):

(1) COMMUNITY STRUCTURE is characterized by the

dominance of “paralic” (=lagoonal) species (e.g.

Hydrobia acuta, Abra segmentum, Cerastoderma

glaucum) and the gradual dissapearence of the

marine fauna downstream the pond sequence.

(2) Species number is GRADUALLY DECREASING as

water flows downstream, whereas abundance

and biomass are higher in the lowest salinity

ponds in comparison to both the adjacent marine

area and the higher salinity ponds.

Abra segmentum

Cerastoderma glaucum
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The spatial variations of composition, abundance

and biomass of both phytoplankton and

macrobenthic invertebrates in the study area are

in many aspects similar to what has been observed

in other solar saltworks and many lagoonal

ecosystems across the Mediterranean. However, the

observed differences display the UNIFORM

CHARACTER and dynamics of each one transitional

coastal ecosystem.

The finer spatial scale of our sampling scheme has

revealed that the phytoplankton and macrobenthic

invertebrates communities in the low salinity area

of Kalloni Saltworks are characterized by a

significant diversity and spatial heterogeneity.

The Euglena acusformis and Mesodinium rubrum

high abundances that were recorded in the study

area during winter 2004 suggest an EUTROPHIC

STATUS for at least some of the low salinity ponds

of Kalloni Saltworks.

Conclusions
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ADRIATIC - Margherita di Savoia Saltworks

Biggest saltworks in the Adriatic sea, RAMSAR site

Water flux
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Kalloni Saltworks (KS) – Margherita di Savoia Saltworks (MSS)

ABIOTIC ENVIRONMENT
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 KS MSS 

 B1 C1 D1 E1 F1 1 2 6 7 9 10 11 12 

Physical environment              

Distance level from the sea K1 K2 K3 K4 K5 M1 M1 M2 M2 M3 M3 M4 M4 

Depth (m) 0.3 0.2 0.4 0.3 0.3 0.4 0.4 0.35 0.35 0.3 0.3 0.5 0.5 

Salinity 47 49 49 60 72 58 58 56 56 64 64 87 87 

Temperature (oC) 8.2 11.7 7.5 11.6 12.8 14 14 14 14 8 9 10 11 

pH 8.25 8.47 8.39 8.37 8.54 7.8 7.9 7.7 7.7 7.8 8.0 8.2 8.1 

Dissolved oxygen (mg L-1) 8.3 9.2 9.1 9.5 8.7 7.3 7.9 4.1 3.7 6.3 8.4   1.8 

TSM (mg L-1) 29.47 55.06 58.33 53.51 59.99 36.4 36.4 40.5 40.6 41.6 41.9 26.8 24.3 

Phosphate (μΜ) 0.21 0.20 0.40 0.16 0.07 0.11  0.07  0.11  31.77  

Silicate (μΜ) 32.88 25.68 53.22 20.76 13.88 0.73  0.26  0.40  4.71  

Ammonium (μΜ) 1.48 0.97 0.67 0.40 1.20 86.60  11.19  76.02  30.92  

Nitrite (μΜ) 0.04 0.04 0.09 0.04 0.03 2.68  0.15  0.48  0.83  

Nitrate (μΜ) 2.08 2.99 4.22 4.69 3.21 7.01  4.76  4.47  6.98  

DIN (μΜ) 3.60 4.01 4.98 5.13 4.44 96.29  16.10  80.97  38.73  

Sand% 77.69 35.43  33.73 4.66 12 47.5 37.5 59.5 27 63.5 39.5 30.5 

Silt% 10.79 25.88  28.07 45.08 81.5 42 56 29 59.5 20 53 47 

Clay% 11.52 38.69  38.2 50.26 6.5 10.5 8 11.5 13.5 16.5 7.5 22.5 

OM% 1,20 0,62 0,72 1,53 2,04 8,10 10,71 13,13 8,92 16,42 20,28 18,94 14,37 
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Kalloni Saltworks (KS) – Margherita di Savoia Saltworks (MSS)

ABIOTIC ENVIRONMENT

• Shallow Depth (< 0.5m) - sampling areas in KS and MSS

• MSS characterised by a rather longer salinity gradient, that starts and ends at

comparatively higher salinity levels in comparison with the KS

• Water column temperature similar over the study periods

• TSM concentration levels higher in KS than in MSS

• Bottom sediment in KS muddy sand (stations near to sea channel) - muddy

(innermost stations); muddy sand and muddy in MSS (bottom sediment grain size

distribution varied considerably between neighboring sampling stations)

Principles of Conservation in TW systems
Title of the lesson: MEDITERRANEAN SOLAR SALTWORKS
Teacher: DROSOS KOUTSOUBAS – University of the Aegean
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Kalloni Saltworks (KS) – Margherita di Savoia Saltworks (MSS)

ABIOTIC ENVIRONMENT

• Dissolved O2 levels higher in KS - in MSS (low dissolved oxygen concentrations

were measured at innermost stations)

• pH more alkaline in KS than in MSS

• Higher concentration levels of Nitrate, Nitrite and in particular Ammonium

nitrogen in MSS

• Ammonium nitrogen constituted in MSS a much higher percentage of DIN

than that in KS

• Phosphate concentration levels similar in both study systems (except the

much elevated concentration levels at one of the innermost station - M4) in MSS

• Silicate concentration levels higher in KS than in MSS

Principles of Conservation in TW systems
Title of the lesson: MEDITERRANEAN SOLAR SALTWORKS
Teacher: DROSOS KOUTSOUBAS – University of the Aegean
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Kalloni Saltworks (KS) – Margherita di Savoia Saltworks (MSS)

BIOTIC ENVIRONMENT

Kalloni Saltworks 

• ANTHOZOA (1) 

• POLYCHAETA (9) 

• MOLLUSCA (16) 

• CRUSTACEA (8)

• INSECTA (1)

• PHORONIDA (1)

Margherita di Savoia Saltworks

• POLYCHAETA (5)

• OLIGOCHAETA (1)    

• MOLLUSCA (4)   

• CRUSTACEA (5)

• INSECTA (1)

main groups (Species No, Abundance and 

Biomass)

✓ POLYCHAETA

✓ CRUSTACEA

✓ MOLLUSCA

✓ INSECTA

main groups (Species No, Abundance and 

Biomass)

✓ MOLLUSCA

✓ POLYCHAETA

✓ CRUSTACEA

Principles of Conservation in TW systems
Title of the lesson: MEDITERRANEAN SOLAR SALTWORKS
Teacher: DROSOS KOUTSOUBAS – University of the Aegean
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According to  Pérès (1967) typical species of 3 BIOCOENOSES of the 

Mediterranean were present in the studied saltworks:

❑ LEE, SVMC, SFHN* (*only in KS)      ponds close the seawater channel

(lowest salinity)

❑ LEE and SVMC       intermediate distance from the sea channel 

ponds (intermediate salinity)

❑ LEE       innermost areas (highest salinity)

LEE SVMC SFHN* LEE   SVMC LEE

Ponds sequence downstream water flow

Lower salinity Intermediate salinity Highest salinity

Principles of Conservation in TW systems
Title of the lesson: MEDITERRANEAN SOLAR SALTWORKS
Teacher: DROSOS KOUTSOUBAS – University of the Aegean

Kalloni Saltworks (KS) – Margherita di Savoia Saltworks (MSS)

BIOTIC ENVIRONMENT
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Principles of Conservation in TW systems
Title of the lesson: MEDITERRANEAN SOLAR SALTWORKS
Teacher: DROSOS KOUTSOUBAS – University of the Aegean

Kalloni Saltworks (KS) – Margherita di Savoia Saltworks (MSS)

BIOTIC ENVIRONMENT
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❑ Higher mean abundance and

species number in KS

❑ Decrease of species number with

increasing salinity and distance from

the sea channel

❑ Increase of abundance downstream

ponds sequence in MSS attributed to

Chironomus salinarius dominance in

the innermost areas

❑ Increase of abundance in the

intermediate ponds in KS attributed

to Hydrobia acuta numerical

dominace and decrease in the

innermost ones
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Principles of Conservation in TW systems
Title of the lesson: MEDITERRANEAN SOLAR SALTWORKS
Teacher: DROSOS KOUTSOUBAS – University of the Aegean

Kalloni Saltworks (KS) – Margherita di Savoia Saltworks (MSS)

BIOTIC ENVIRONMENT
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❑ Higher diversity in KS than in MSS

❑ Diversity was not linearly decreasing

with increasing distance from the 

seawater channel in MSS ponds
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Principles of Conservation in TW systems
Title of the lesson: MEDITERRANEAN SOLAR SALTWORKS
Teacher: DROSOS KOUTSOUBAS – University of the Aegean

Kalloni Saltworks (KS) – Margherita di Savoia Saltworks (MSS)

BIOTIC ENVIRONMENT
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❑ Taxonomic diversity was 

higher in KS than in MSS

❑ Taxonomic diversity was 

not linearly decreasing

downstream ponds sequence 

❑ Variation of Taxonomic 

diversity was higher in KS 
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Principles of Conservation in TW systems
Title of the lesson: MEDITERRANEAN SOLAR SALTWORKS
Teacher: DROSOS KOUTSOUBAS – University of the Aegean

Kalloni Saltworks (KS) – Margherita di Savoia Saltworks (MSS)
BIOTIC ENVIRONMENT
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Kalloni Saltworks

❑ Pronounced separation (ANOSIM Global R: 0.8 

, p<0.1) considering community structure

pattern between KS and MSS

❑ 3 major groups of areas in KS: 1st - ponds 

close to the sea channel, 2nd – intermediate 

distance from the sea inlet ponds, 3rd innermost 

ponds (ANOSIM Global R: 0.9, p<0.1%)

❑ 4 major groups in MSS where the stations of 

each pond constitute a separate group (ANOSIM 

Global R: 0.9, p<0.1%)

❑ No pronounced differences in community 

structure pattern within each pond for both 

saltworks in most of the cases (NO INTRA 

HABITAT DIFFERENCES) 
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Principles of Conservation in TW systems
Title of the lesson: MEDITERRANEAN SOLAR SALTWORKS
Teacher: DROSOS KOUTSOUBAS – University of the Aegean

Kalloni Saltworks (KS) – Margherita di Savoia Saltworks (MSS)
BIOTIC ENVIRONMENT

❑ The two study areas were clearly 

separated along the strong environmental 

gradient represented by the first PC axis 

(54% of total variance)

❑ in MSS:     Inorganic nutrients ,    

Salinity,    Dissolved Oxygen  levels    TSM

❑ in KS:    Inorganic nutrients                     

Salinity,    Dissolved Oxygen  levels    TSM-1.0 1.0
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KS and MSS

❑ Differences in Dis. Oxygen concentration, Inorganic nutrients

concentrations, TSM and Salinity levels: main environmental factors 

separating the two Saltworks

PCA ordination

Separation of the two saltworks
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❑ Typical ‘paralic’ species, widely distributed in Mediterranean

TRANSITIONAL WATER ECOSYSTEMS, are present in both Saltworks (e.g.

Cerastoderma glaucum, Abra segmentum, Capitella capitata, Hediste

diversicolor, Microdeutopus gryllotalpa) Saltworks should be

considered as typical wetlands with great economic and ecological

significance

❑ In both Saltworks dominant major taxonomic groups MOLLUSCA,

POLYCHAETA, CRUSTACEA – only in Margherita di Savoia + INSECTA

however with varied degree of numerical representation (in

terms of species number and abundance)

❑ Certain species present in one study site not in the other (e.g.

Pirenella conica in Kalloni saltworks, Nainereis laevigata in Margherita di

Savoia)

Principles of Conservation in TW systems
Title of the lesson: MEDITERRANEAN SOLAR SALTWORKS
Teacher: DROSOS KOUTSOUBAS – University of the Aegean

Kalloni Saltworks (KS) – Margherita di Savoia Saltworks (MSS)

BIOTIC ENVIRONMENT
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❑ Investigation of macrozoobenthic community pattern suggests that a STRONG

COMMUNITY STRUCTURE GRADIENT is evident in both Saltworks regardless of

the substantial differences between them (abiotic environment -

Dissolved Oxygen, Sediment type, Nutrients; diversity levels; species

composition)

❑ Kalloni Saltworks presented higher diversity levels important stressors

(e.g. Nutrients, Oxygen level) seem to play a significant role in diversity aspects

❑ The Macrozoobenthic invertebrates distribution pattern reveals a grouping of

at least 3 major areas (lowest – intermediate – highest salinity) in both

Saltworks

❑ Diversity not linearly related to salinity in both saltworks; in

correspondence to highest salinity levels diversity levels are low

❑ Apart from salinity, a set of additional environmental factors seems to

regulate community structure in the 2 Saltworks ‘environmental’ gradient

rather than ‘salinity’ gradient

Principles of Conservation in TW systems
Title of the lesson: MEDITERRANEAN SOLAR SALTWORKS
Teacher: DROSOS KOUTSOUBAS – University of the Aegean

Kalloni Saltworks (KS) – Margherita di Savoia Saltworks (MSS)

BIOTIC ENVIRONMENT
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Principles of Conservation in TW systems
Title of the lesson: MEDITERRANEAN SOLAR SALTWORKS
Teacher: DROSOS KOUTSOUBAS – University of the Aegean

MAIN POINTS TO BE KEPT in mind ………….. 

❑ Saltworks should be considered as TYPICAL TRANSITIONAL WATER

ECOSYSTEMS (i.e. lagoons and estuaries) as reveals research

concerning biota composition and dynamics

❑ The spatial variations of composition, abundance and biomass of both

phytoplankton and macrobenthic invertebrates in different study areas

are in many aspects SIMILAR to what has been observed in other solar

saltworks worldwide and many lagoonal ecosystems across the

Mediterranean. However, the observed differences display the UNIFORM

CHARACTER and dynamics of each one Transitional Coastal Ecosystem.

❑ Macrobenthic invertebrates communities in the low salinity areas

of Mediterrameam Saltworks are characterized by a SIGNIFICANT

DIVERSITY AND SPATIAL HETEROGENEITY
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SALTWORKS - MANAGEMENT

Principles of Conservation in TW systems
Title of the lesson: MEDITERRANEAN SOLAR SALTWORKS
Teacher: DROSOS KOUTSOUBAS – University of the Aegean
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Principles of Conservation in TW systems
Title of the lesson: MEDITERRANEAN SOLAR SALTWORKS
Teacher: DROSOS KOUTSOUBAS – University of the Aegean

Concepts for Confronting Management in 

Solar Saltworks – Salt Production

• A BIOLOGICAL SYSTEM able to help or harm production

inevitably develops in every saltworks

• A biological system includes all organisms in the water and

on pond floors

• Saltworks design must include and facilitate BIOLOGICAL

MANAGEMENT
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Principles of Conservation in TW systems
Title of the lesson: MEDITERRANEAN SOLAR SALTWORKS
Teacher: DROSOS KOUTSOUBAS – University of the Aegean

Saltworks designed to facilitate biological management

main goal: DEVELOP AND MAINTAIN biological systems

HELPFUL to salt production

Concepts for Confronting Management in 

Solar Saltworks – Salt Production
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Principles of Conservation in TW systems
Title of the lesson: MEDITERRANEAN SOLAR SALTWORKS
Teacher: DROSOS KOUTSOUBAS – University of the Aegean

HELPFUL SYSTEMS Can Change to Harmful Systems.

Harmful Systems Can Change to HELPFUL SYSTEMS.

Concepts for Confronting Management in 

Solar Saltworks – Salt Production



62

Principles of Conservation in TW systems
Title of the lesson: MEDITERRANEAN SOLAR SALTWORKS
Teacher: DROSOS KOUTSOUBAS – University of the Aegean

Characteristics of Communities in a Helpful BIOLOGICAL SYSTEM

LOW SALINITY PONDS (60% of the surface area) - Suspended

microorganisms (PLANKTON)

❑ Produces ORGANIC SUBSTANCES sufficient only to create and

maintain effective bottom communities and to power the entire

biological system at desired levels

❑ CONSISTS OF unicellular and multicellular Algae, Bacteria,

Cyanobacteria and Protozoa

Concepts for Confronting Management in 

Solar Saltworks – Salt Production
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Principles of Conservation in TW systems
Title of the lesson: MEDITERRANEAN SOLAR SALTWORKS
Teacher: DROSOS KOUTSOUBAS – University of the Aegean

Characteristics of Communities in a Helpful BIOLOGICAL SYSTEM

LOW SALINITY PONDS - BENTHIC ORGANISMS

Large variety of well represented benthic organisms 

arranged in several layers

❑ Controls leakage

❑ Locks away nutrients

❑ Delivers nutrient-depleted water to downstream ponds

❑ Maintains desired thickness

Concepts for Confronting Management in 

Solar Saltworks – Salt Production
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Principles of Conservation in TW systems
Title of the lesson: MEDITERRANEAN SOLAR SALTWORKS
Teacher: DROSOS KOUTSOUBAS – University of the Aegean

Characteristics of Communities in a Helpful BIOLOGICAL SYSTEM

LOW SALINITY PONDS - BENTHIC ORGANISMS

Nutrient Sequestration by the Benthic Community

Concepts for Confronting Management in 

Solar Saltworks – Salt Production
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SALTWORKS - CONSERVATION

Principles of Conservation in TW systems
Title of the lesson: MEDITERRANEAN SOLAR SALTWORKS
Teacher: DROSOS KOUTSOUBAS – University of the Aegean
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Principles of Conservation in TW systems
Title of the lesson: MEDITERRANEAN SOLAR SALTWORKS
Teacher: DROSOS KOUTSOUBAS – University of the Aegean

Nesting of Flamingos  - Kalloni Saltworks, Lesvos
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Principles of Conservation in TW systems
Title of the lesson: MEDITERRANEAN SOLAR SALTWORKS
Teacher: DROSOS KOUTSOUBAS – University of the Aegean

Reproduction in Saltworks - Kalloni Saltworks, Lesvos
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Principles of Conservation in TW systems
Title of the lesson: MEDITERRANEAN SOLAR SALTWORKS
Teacher: DROSOS KOUTSOUBAS – University of the Aegean

Abandoned Saltworks (wetlands) vs Solar Saltworks (wetlands)

• Case (a) where seawater is trapped • Case (b) where seawater 

enters more or less freely 
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Principles of Conservation in TW systems
Title of the lesson: MEDITERRANEAN SOLAR SALTWORKS
Teacher: DROSOS KOUTSOUBAS – University of the Aegean

Solar Saltworks (wetlands) – ECOSYSTEM functions
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SALTWORKS
RESEARCH, EDUCATION & ECOTOURISM

Principles of Conservation in TW systems
Title of the lesson: MEDITERRANEAN SOLAR SALTWORKS
Teacher: DROSOS KOUTSOUBAS – University of the Aegean
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Educational Products on Wetlands (Solar saltworks)

Examples from Greece
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Educational Products on Wetlands (Solar saltworks)
GIALOVA LAGOON - Peloponnese
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Educational Products on Wetlands (Solar saltworks)
GIALOVA LAGOON
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Principles of Conservation in TW systems
Title of the lesson: MEDITERRANEAN SOLAR SALTWORKS
Teacher: DROSOS KOUTSOUBAS – University of the Aegean

Educational Products on Wetlands (Solar saltworks)
KOTYCHI LAGOON - Peloponnese
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Principles of Conservation in TW systems
Title of the lesson: MEDITERRANEAN SOLAR SALTWORKS
Teacher: DROSOS KOUTSOUBAS – University of the Aegean

Educational Products on Wetlands (Solar saltworks)
ALIKI LIMNOU - Island of Limnos (NE Aegean)

Natural 

Solar saltworks
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Principles of Conservation in TW systems
Title of the lesson: MEDITERRANEAN SOLAR SALTWORKS
Teacher: DROSOS KOUTSOUBAS – University of the Aegean

Educational Programmes on Wetlands (Solar saltworks)
Flamingo Program Industria Salinera de Yucatan (ISYSA)

Reserve of the Biosphere Rio Lagartos, Yucatan, Mexico
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Principles of Conservation in TW systems
Title of the lesson: MEDITERRANEAN SOLAR SALTWORKS
Teacher: DROSOS KOUTSOUBAS – University of the Aegean

Ecotourism & Wetlands (Solar saltworks)

KALLONI SALTWORKS - Island of Lesvos (NE Aegean): 

4-5.000 bird-watchers/year [mostly March to May]
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Concepts and knowledge presented in the lesson

Solar Saltworks: TERMS & REFERENCES

BIOLOGICAL SYSTEM functioning in Solar Saltworks:

Case studies from the Mediterranean Sea

Importance of Biological system for rational

MANAGEMENT of Solar Saltworks

CONSERVATION of Solar Saltworks = Reduction of

wetlands loss

RESEARCH & EDUCATION issues related to Solar

Saltworks

Principles of Conservation in TW systems
Title of the lesson: MEDITERRANEAN SOLAR SALTWORKS
Teacher: DROSOS KOUTSOUBAS – University of the Aegean
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Thanks for your time and attention

Principles of Conservation in TW systems
Title of the lesson: MEDITERRANEAN SOLAR SALTWORKS
Teacher: DROSOS KOUTSOUBAS – University of the Aegean


