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Chemical composition of the small coastal lagoons
of the Mediterranean Spanish littoral

M. P. LOPEZ & X. TOMAS

Departament d'Ecologia. Fac. Biologia. Univ. Barcelona. Av. Diagonal, 645. 08028 Barcelona. Spain.

SUMMARY: About sixty small water bodies (coastal Jagoons. marshes. salt pans, channels. springs. etc.) of the
Spanish Mediterranean coast were sampled seasonally for one year (1979-1980), in order to study different aspects of
their chemical composition. The concentrations of major ions (alkalinity, CI™, $SO,?7, Ca?*. Mg’*. Na*, and K*).
nutrients (N.NOz, N.NO3 . TRP and Si), oxygen and pH were determined for this purpose. The salt concentrations
measured range between 0.4 and 361.3 g I, The samples have been divided into four classes of salinity (ing1~'): C1,
S <S5.C2,5 <8 <18 C3. 18 < S < 40; C4. S > 40. Within these classes, the pattern of ionic dominance
recorded is remarkably constant and similar to that found in most coastal lagoons (ClI~ > SO,*~ > Alk., for the anions,
and Na* > Mg®* > Ca’* > K*. for the cations). although other models occur especially in the first class. The domi-
nance of Na* and CI™, as well as the molar ratios Mg?*/Ca** and C17/SO,2™ clearly increase from class C1 1o class C4.
The hyperhaline waters include ditferent subtypes of the major brine type «c» of EUGSTER & HARDIE (1978), the

Na* — (Mg**) ~Cl~ — (S0,>7) being the most frequent. Nutrient concentrations fall within a wide range (N.NO3
from 0.1 10 1100 pg-at I™'; PRT from 0.01 10 23.56 pg-at 1" " and Si from 1.0 to 502.0 ug-at 1™ "). The oxygen values are
very variable too. ranging between 0 and 14.4 ml I~' Four different patterns of nutrient distribution have been

distinguished based on the mean concentrations of N.NO3 and TRP (mean values in ug-at |7'): A. N.NO; < 10,
TRP > 1; B. NNNO37 > 100. TRP < 1; C. 10 < N.NO3 < 100, TRP < 1; D. N.NO3 < 10, TRP < 1. As a rule.
lagoons of low salinity (CI and C2 classes) display the nutrient pattern C, and lagoons of high salinity (C3 and C4) show
the nutrient pattern D. Model A only appears in waters of very low salinity, whereas model B does not seem 10 be

1989

related to salinity.

Key words: coastal lagoons, chemistry, nutrients. Mediterranean lagoons, Spain.

INTRODUCTION

Because of their situation in fertile and flat lands
near the sea, coastal epicontinental waters have suf-
fered, in a particular way, the impact of human, not
always rational activity. Until recent decades, wet
areas with more or less saline waters were abundant
on the Mediterrancan coast of Spain. Even though
typical coastal lagoons were scarce, marshy areas and
small water masses were relatively common. Nowa-
days, as a result of years of poor management, many
of these areas are in decline or have changed into
cultivated fields or into industrial or residential sites.

In spite of their reduced size, the littoral water
bodies still remaining are of considerable ecological
interest, as they display an extraordinary morpholo-
gical and hydrological variability. Until now, the ex-
tent of knowledge on the state of the Spanish

Mediterranean coastal lagoons has been relatively
limited and only the larger lagoons (Ebro Delta, Al-
bufera of Valencia) have been studied with regularity
(MARGALEF & MIR, 1974; CAMARASA et al., 1977;
CHINCHILLA & COMIN, 1977, COMIN & FERRER,
1978, 1979; FERRER & COMIN, 1979; COMIN, 1982,
1984; MIRACLE et al., 1984, OLTRA & MIRACLE,
1984; SERRA et al., 1984). In 1979, the Department
of Ecology of the University of Barcelona initiated a
multi-disciplinary research aimed at providing
comparative data about the physicochemistry and
biology of almost all the bodies of water along the
Spanish Mediterranean coast, except for the Ebro
Delta from which the information already existed.
Some of the results of this study have already been
published (MARGALEF-MIR. 1981, TOMAS et al.,
1980; ToOMAS, 198la. 1981b. 1988; LOPEZ, 1984.
1986). In this paper. some aspects concerning the
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mincralization and concentration of nutrients and ox
vgen are discussed.

STUDY AREA

The 56 aquatic systems studied are located on a
coastal strip over 1000 Km 1n length and 5-50 Km in
width. which extends from the north of the province
of Girona (Catalonia) to the west of Almeria (Anda-
lusia) (Fig. 1). This coastal band is closed to the west
by the spurs of different mountain systems formed
mainly by calcareous rocks (marls and limestones).
The coast is occupied by recent sediments which fill
old areas of subsidence. It is an exorrheic area, with a
highly important underground water circulation. The
most important river is the Ebro, the rest being small
rivers and streams, often with a pluvial regime.

The climate is typically Mediterranean, with ir-
regular rainfall concentrated especially in the spring
and autumn. The average annual precipitation de-
creases towards the South, varying from between 600
mm in the NE and 150 mm in the SE (FONT, 1983).

MATERIAL AND METHODS

The water samples were collected on a seasonal
basis (April 1979, July 1979, October 1979 and Feb-

1,2,3456,78,9101,

Fie. [ — Location of the systems sampled. The correspondence
between the number and the name of each coastal lagoon s given
in Table 1.
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ruary 1980) from a depth of 10 ¢cm. The pH was
measured in situ with a Lovidond tester (GOLTER-
MAN. 1967) and oxygen was determined using the
Winkler method (CARPENTER. 1966). For the
analysis of atkalinity. chloride, sulphate and nutrient
concentrations the methods described by GOLTER-
MAN (1967). APHA (1975), FrRITZ & YAMAMURA
(1955) STRICKLAND & PARSONS (1965), respectively,
were followed. The fraction of phosphorus analysed
was the total reactive phosphorus, TRP (reactive
phosphorus in unfiltered water). Calcium and mag-
nesium were analysed by atomic absorption spectro-
scopy; sodium and potassium by atomic emission
spectroscopy. Salinity was calculated from the sum of
the major ions.

RESULTS

Salinity and major ions

The salinities in the systems studied range from
between 0.4 and 361.3 g 17!, their average value
being about 33 g 17! Following the Venice System of
classification of brackish waters, all the samples have
been divided into four classes of salinity, C1: S < 5
g 17!, C2: 5 gl<S=<18 g1} C3: 18 g 17!
<S=<409gl™';C4:S=40gl1’ 13 of the lagons
studied belong to class C1; 11 to class C2; 6 to class
C3 and 10 to class C4 (Table I). The remaining
systems display great fluctuations in their total con-
centration of salts, varying from between S < 40
gl 'and S > 40 g I7!; they are included in class C3
or C4 depending on the season considered.

The pattern of dominance for the major ions
(CI7, SO.°~, HCO5, Ca®*, Mg®>*, Na® and K™)
varies according to mineralization. 86 % of the
waters sampled are dominated by sodium and
chloride and the most frequently encountered ionic
pattern (found in more than the 70 % of samples)
is CI~ > SO,*~ > HCOj for anions and Na*™ > Mg?*
>Ca’*" >K" for cations. Only in the first class of sali-
nity, C1, are other ionic patters relatively common:
13.8% of these waters are dominated by alkalinity
and divalent cations; 8.6% by chloride and divalent
cations: 10.4% by sulphate and divalent cations, and
13.8% by sulphate and sodium. SO,*~ — Na* waters
also appear in class C2, but they only represents
2.2% of this group.

The waters included in class C4 are hypersali-
ne. According to the nomenclature stated by EUG-
STER & HARDIE (1978) 75% of them belong
to type Na* — (Mg?*) — CI™ = (SO,*7). 20% to
type Na® — (Mg>*) —CI™, and the remaining 5% to
types Na® — (Mg** — (Ca’*) - ClI7 — (SO.,*"),
Na*(Ca’") — CI” — (SO4*7) and Na* - Cl™ -
(SO, 7).
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F1G. 2 — Position, on a triangular diagram. of the different types of aquatic systems according to their average relative anionic and cationic

compositions. The coordinates of each point are given in equivalent percentages of each of the variables. World average seawater. from

BavLy & WiLLiams (1981): Spanish inland lagoons. from ALonso (1985); “standard™ freshwater, from CLARKE (1924): Spanish reservoirs.
from MARGALEF e al. (1976).

The relative ionic proportions also vary when sali-
nity increases. On average, the percentage of
chloride and sodium rises from class C1 to class C4,
whereas alkalinity and calcium percentage decrease
strongly, as to a lesser extent do those of magnesium,
sulphate and potassium (Fig. 2). These changes affect
the molar ratios between the different ions. Figu-
re 3 shows the mean values of the molar ratios most
frequently used in  limnology (Mg?*/Ca’",
Mg®* + Ca?*/Na* + K* and C17/SO4*7) in the four
classes of salinity considered. Although the relative
standard deviations can be considerable. certain
trends may be noted.

The Mg?*/Ca’?* quotient tends to increase in a
continuous way together with mineralization. Among
the analysed samples, only three show a Mg=*/Ca*"
quotient lower than the average value for
freshwaters; and in twenty of them this ratio is
greater than that found in seawater.

The relation between divalent and monovalent
cations tends to decrease when salinity increases.
Forty nine high salinity samples have an average
value below that of seawater. while only six (of low
salinity). surpass that of freshwaters.

The C17/SO." ratio increases slightly from less
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mineralized waters to the more saline ones. Most of
the values are between those of seawater and the
average of freshwaters. Only 4 % of the water sam-
ples display CI7/SO,*” ratios lower than that calcu-
lated in the world’s average freshwater, and in 7.5%
them. the ratios are higher than the seawater value.
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Nutrients, oxvgen and pH

The concentration of nutrients and oxygen fall
within a wide range of variability (N.NOj3 from 0.1 to
1100 ug-at 1" TRP from 0.01 to 23.56 ug-at 1" '; Si
from 1 to 502 ug and O, from 0 to 14.4 ml 17}).

The wmost variable nutrient is N.NO3; with
average values that vary from between 0.2 and 363
pg-at 17! (Table 1). The seasonal variation of this
compound is also considerable; in some lagoons max-
imum and minimum values differ more than 1000
ug-at 17! (e.g., locality 45). The highest concent-
rations are usually reached during the cold seasons
(autum and winter) and the lowest ones during the
summer.

When considered globally, the observed concent-
rations of TRP do not differ very much and they are
usually between 0.1 and 0.8 pg-at 17" (Table 1). How-
ever, it i1s worth nothing the existence of eleven la-
goons (13, 22, 26, 34, 36, 49, 51, 53, 54, 55 and 56)
where mean TRP values rise to more than 1 pg-at 17"
All of these systems can be considered as highly eu-
trophic and are characterized by the fact that they
receive important inputs of urban sewage. The seaso-
nal variations of TRP are as a rule quite pronounced,
the maximum values being reached in summer.

The silicate concentrations usually vary from 11,0
t0 200 ug-at I”'. Only a small number of lagoons (21,
22,23, 24, 25, 26, 27), located in the El Hondo area
(once occupied by the Albufera de Elche, Alicante),
display unusually high concentrations, occasionally
greater than 500 pg-at 17'. The seasonal variations
are small, the maximum values being reached during
the summer.

Although the lagoons in question are shallow and
the samples were taken close to the water surface,
some variations are observed in oxygen concent-
rations. The most frequently found values are be-
tween 4 and 9 ml 171, but lower levels are observed in
hypersaline waters, especially during the summer and
autumn. Anoxic conditions were found at surface
level in two lagoons (5, 7), and values below 1 ml 17"
in five other locations (4, 6, 10, 27, 29).

The pH values fall within a relatively limited
range. The extreme values are 6.9 and 9.8, although
more than 90% of the cases are between 7.5 and 9.0
(Table I).

In spite of the great variability shown by the con-
centration of nutrients in these systems, the average
values of N.NOj3 and TRP have revealed themselves
as useful for comparative purposes. On the basis of
these values four different nutrient patterns have
been distinguished in the Spanish Mediterranean
coastal lagoons.

A) Lagoons with mean TRP values greater than 1
ug-at 171 they always present very low nitrate con-
centrations (Fig. 4). high pH values and high levels of

oxvgen (Table ). As mentioned before. thev can be
considered as hypereutrophic waters.

B) Lagoons where the mean concentration of
N.NOs5 is greater than 100 ug-at 17", and the content
of this nutrient throughout the year always surpasses
50 ug-at 17! The mean TRP concentrations are low
(Fig. 4), as well as pH values (Table I).

C) Systems with mean N.NOj levels ranging from
10 to 100 pg-at 17! These waters are also character-
ized by seasonal fluctuations of the concentration of
this nutrient, the values of which vary from less than
10 pg-at 17! in summer to more than 30 pg-at 1™ " in
winter. Mean TRP values never exceed 1 ug-at ™",

D) Lagoons with low mean N.NOj concent-
rations (<10 ng-at I”'), and moderate mean values of
TRP (<1 pg-at I71).

Relationships between nutrients and salinitiy

The chemical heterogeneity of these concerned
coastal systems has been summarnised in table II,
where the two classifications based respectively on
salinity and nutrient concentrations are combined.
Because the nutrient patterns are based on mean
values over the four seasons, the lagoons which due
to their fluctuating salinity have been included in C3
or C4 classes depending on the season, are consider-
ed in another group, designated as C3/C4.

The distribution of the lagoons in the diverse
combinations of salinity and nutrients, as illustrated
in table II, is not uniform. Whilst systems with a low
concentration of salts (C1, C2) usually display nu-
trient pattern C, and pattern D exceptionally, high
salinity waters (C4, C3/C4) are in the opposite posi-
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FiG. 4. — Relationship between the mean concentration of
N.NO7 and TRP. Letters (A. B, C. D) correspond to the different
nutrient patterns described in the text.
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tion. model D being the most frequent, whilst model
C appears in a few cases (mainly. in classe C3/C4).

Pattern A is observed in systems where the salini-
ty is lower than or equal to that of the sea (C1 to C3),
but is rarely found in those with a saline concen-
tration of more than 40 g 17"

Pattern B appears in waters of very low salinity
(C1). The only lagoon belonging to class C2 that
presents these nutrient features has a low salinity
when compared with the other systems of this group.

Silicate and oxygen values have not been used to
discriminate different kinds of waters. However.
some relationships with salinity can be established.
As a whole, the concentrations of these parameters
are high in classes C1 and C2 (around 125 pg-at 17!
for Si and 6 ml 17! for O,), decrease in class C3
(about 50 ug-at 17! and 4.2 ml 1! respectively) and
reach minimum levels in class C4 (20 ug-at1~ ' and 3.0
ml 17"}

Lagoons belonging to C3/C4 may be considered
as a special case because they present oxygen concen-
trations similar to those characteristic of class C4.
whereas their silicate content is close to that observed
in the less saline waters (around 100 pg-at [,

DISCUSSION

The variability of the chemical composition of the
water in the Spanish Mediterranean coastal lagoons is
stmilar to that reported for other marine littoral areas
in the world (BOWLING & TYLER. 1984, GEDDES &
BUTLER. 1984). Although this composition always
depends on many factors. in the systems studied it 1s
mainly controlled by the mixing proportions of two
different kings of water: 1) the seawater. which is
characterised by its high salinity. by the constancy of
the principal ionic molar ratios and bv its relatively
low content of nutrients  (CULKIN, 1965
ARMSTRONG. 1965: VACCARO. 1965). and 2) the

inland (“fresh-") waters, that in the zone sampled
usually have a salinity of about 0.5 g I, are fre-
quently dominated by the HCO; (or sometimes the
SO,° ) and Ca " ions (MARGALEF et al., 1976;
DGOH. 1981; ALONSO. 1985). and are often rich in
nutrients of urban or agricultural origin (DGOH,
1981: PRAT eral., 1984: SABATER. 1987).

The characteristics of the water mineralization
and the concentration of nutrients in those lagoons
included in the C1, C2 and C3 classes of salinity,
agree with the former considerations: in class Cl1.
both the ionic patterns amb the values of the princi-
pal molar ratios are close to those found in many of
the Iberian Mediterranean rivers, and their N.NO,;~
content is commonly high or very high (as. for exam-
ple, in those lagoons that receive waste waters {rom
nearby farms: pattern B); in class C3 all these varia-
bles are much more similar to those typical of
seawater; while, in class C2 they show some interme-
diate characteristics. In some places, the phytoplank-
ton activity can strongly modify the concentration of
nutrients. This is the cause of the summer depletion
of N.NOj3 in many coastal lagoons (COMIN & FER-
RER, 1979; COMIN, 1984; NIXON, 1982) (i.¢., in those
that follow pattern C) and the reason for its total ex-
haustion in those with a high concentration of phos-
phorus (pattern A). From all that has been men-
tioned before, one would expect to find such an ex-
cess of phosphorus only in lagoons with a great con-
tinental influence. Certainly, this is the most usual
case, but high values of phosphorus can also be found
in fairly salty water bodies, affected by the input of
waste waters very rich in that element (i.e., some la-
goons in the Emporda: 51, 53, 54 and 55).

The typical hyperhaline systems (C4) are always a
consequence of the intense evaporation of more or
less salt waters. During this process, not only does
the salinity becomes higher and higher, but the
chemical composition of the water may also change,
due to the precipitation of the less soluble salts (NAD-
LER & MAGARITZ 1980). In the region studied. this
kind of water can be considered as belonging to type
“¢” (Na® — Mg?* — CI™ — SO4*7) of the EUGSTER
& HARDIE (1978) major brine’s classification. which
corresponds to evaporated seawater. Only the brines
of the Torrevella salt-works. which have a salinity of
about 360 g I7" and where the calcite and gypsum
have already precipitated. belong to the
Na®™ — Mg®* — CI~ type. In coastal areas with an
arid  climate (Israel, Austraba; Levy. 1971:
WILLIAMS & BUCKNEY, 1976, BOWLING & TYLER,
1984). the hypersaline lagoons can be subjected to
irregular inflows of continental water. which may
cause great and unpredictable fluctuations in salinity.
in the principal ionic molar ratios and. occasionally,
in the concentration of the main nutrients. This is the
case of the lagoons included in the class C3/C4. which



show an occasionally high N.NO;~ content, and an
excess of sulphate and calcium

I'he geographical distribution of classes C4 and
(C3/C4 agrees with the variation of the climatic factors
along the Spanish Mediterranean coast. Because the
evaporation rates increase towards the South (FONT.
1983) hypersaline lagoons are mainly located in the
meridional halt of the arca studied.

To conclude. it can be stated that the chemical
heterogeneity found in the Mediterranean coastal la-
goons of the Iberian peninsula is mainly due to the
conditions in which the mixing of freshwater and
seawater takes place in each site. and also depends on
the climate (rainfall, evaporation rates, etc.) as well
as human activity (domestic, industrial and agricultu-
ral).
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