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ABSTRACT

A one year sampling programme (February 1988, March 1989) was carried out in the Lagoa da Sancha as part of an ecologi-
cal characterisation of the Alentejo littoral lagoonal systems. Lagoa da Sancha is North of the locality of Sines, and spreads
over an area of approximately 4 ha. It has an elongate shape along a N-S axis, and receives water from a hydrographic basin
of approximately 37 km?. The lagoon can be considered a system in which communication with the sea, which could provide
its renewa, is naturally established only very seldom according to local fishermen (an inlet has existed only once in the past
25 years). Overwash isthe main source of seawater. Thisisrevealed by salinity values, always below 5%. (oligohaline), except
for summer values, when values, may reach 12%o0 (mesohaline) due to evaporation. Of the 69 invertebrate taxa found, 89.8%
can be considered as continental and 8.7% of lagoonal affinities (i.e. lagoonal-continental). Only few groups were present
throughout the year, with a constant presence of continental species (e.g. Daphnia sp, Herpetocypris reptans, Cloeon sp., Plea
leachi, Berosus sp., Chironomidae). Anomopoda and Chironomidae were the dominant groups. Individuals of brackish lagoon-
al specieswererare during the sampling period. Results show this benthic community isvery similar to that of temporary lentic
systems, where the taxa succession is erratic.
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RESUMEN

Como parte de un programa de caracterizacion ecoldgica de |os sistemas de lagunas litorales del Alentgjo se realizé un pro-
grama de muestreo de un afio (de Febrero de 1988 a Marzo de 1989) en el Lago da Sancha. Esta laguna esta situada al Norte
del Snesy se extiende sobre un area aproximada de 4 ha con una forma alargada a lo largo del gje N-S. La laguna recibe
agua de una cuenca de unos 37 kn? aproximadamente. La laguna puede considerarse como un sistema maduro en €l cual la
comunicacion con el mar, que facilitaria la renovacion del agua, se establece de forma natural muy raramente (seglin un
pescador de la zona, en los Ultimos 25 afios tan solo una vez se ha establecido comunicacién con el mar). La entrada super-
ficial esla tnica fuente de entrada de agua proveniente del mar. Este hecho queda patente por los valores de salinidad, siem-
pre por debajo del 5% (oligohalino), con excepcion de los valores de verano, que, debido a la fuerte evaporacion, pueden
alcanzar € 12%o0 (mesohalino). De los 69 taxones de invertebrados que se han hallado, 89.8% se pueden considerar conti-
nentales y el 8.7% de afinidad continental-lagunar salobre. El nimero de grupos presentes a lo largo del afio fue reducido,
con una presencia constante de especies de afinidad continental (Daphnia sp., Herpetocypris reptans, Cloeon sp., Plealeachi,
Berosus sp., Chironomidae). Anomopoda y Chironomidae fueros |os grupos dominantes. Los individuos de especies de lagu-
nas salobres fueros raros durante el periodo de muestreo. Los resultados muestran que esta comunidad benténica era muy
similar a aquellas de los sistemas lagunares |eniticos en los que la sucesion de taxones es erratica.

Palabras clave: Macroinvertebrados bentonicos, lagunas costeras salobres, ambientes oligohalinos.
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INTRODUCTION

Several processes can transform a coasta littoral
zone into a lagoon. Coastal lagoons may origi-
nate by the transgression of seawater into previ-
ously extending freshwater lakes, by the invasion
of land below sea level after storms have brea-
ched coastal defence systems, during reclamation
of salt-marshes or by barrier formation in estuari-
es. Coastal lagoons are important reservoirs of
continental material where, as arule, exceptional
primary production conditions prevail and may
disrupt these ecosystems, leading to dystrophic
phenomena. However, each lagoon is a case unto
itself. They are comparatively simple systems
and are therefore easily disturbed both by natural
perturbation and by pollution or adjacent urban
and industrial development.

In atypical lagoon, the exchange and mixture
of satwater and freshwater is irregular and the
hydrography of a lagoon may show fluctuations
daily, seasonally, and over longer periods of time
(Colombo, 1977). Thus, the ecology of coastal la-
goons is largely determined by freshwater inputs
and by mixing and exchange processes with the
adjacent sea. The water budget of alagoon, with
its freshwater and marine components, al so deter-
mines sedimentation and sediment patterns
(Postma, 1981). Part of the accumulated alloch-
thonous and autochthonous material is exported
to the sea, at the same time importing an impor-
tant biological component. Interactions between
sea and lagoona environments are of major
importance for biogeochemical and ecological
cycles ocurring in coastal lagoons.

Sediments are usualy unevenly distributed
over the bottom, although perhaps the most im-
portant characteristics are the large quantities of
organic matter and the high water content of bot-
tom deposits. Both organic content and water
determine mechanical and chemical properties of
the sediment. Any shallow water body high in
nutrients provides ideal conditions for high pro-
duction (Barnes, 1980) and restricted export in
lagoons allows accumulation of the organic mat-
ter produced in shallow lagoons, sunlight is often
able to reach the bottom, leading to increase the

production of macrophytes, benthic microflora
and phytoplankton in the water column.

The majority of lagoons accumulate more ma-
terial than they export, creating areas of deposi-
tion, which leads to silting, rapid ageing and suc-
cession to swamps. Along the Portuguese SW
coast severa environments show different de-
grees of ageing, depending on their degree of
exchange with the sea (Magalhées et al., 1987,
Cancela da Fonseca et al., in litt.). On the other
hand, small rivers with a seasona torrentia re-
gime draining south-west Portugal do not always
reach the sea directly. Discharge to the ocean is

Figure 1. Geographical location of Lagoa da Sancha in the Iberian
Peninsula, hydrographic basin outline (A), main sediment types and
location of sampling stations (B). Stuacién de la laguna de Sancha
en la Peninsula Ibérica, contorno de cuenca hidrogréafica (A), prin-
cipales tipos de sedimento y situacién de los puntos de muestreo (B).
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prevented by active beach-ridges, forcing the
water to accumulate in small coastal lagoons. The
accumulation of large amounts of water can lead
to an inlet opening, re-establishing the communi-
cation with the sea. Marine renewa and the
maintenance of brackish characteristic are essen-
tial to the productivity of these systems (Costa et
al., 1985; Cancela da Fonseca, 1989; Cancela da
Fonseca et al., 1989a). These lagoons are usually
characterised by their high primary production
(i.e. plant, macro-algae, microphytobenthos and
phytoplankton) and bottom sediments with high
organic matter content. Production is of mainly
macrophytes. Summer ecological changes gene-
raly referred to as “dystrophic crises’ have been
described (Bernardo et al., 1988). Depending on
the magnitude of episodic fresh- and sea water
inputs in winter, anoxic conditions in the stagnant
bottom water may develop.

STUDY AREA

The Méelides, Santo André and Sancha lagoons,
located in the Alentgjo coast (SW Portugal), have
been studied during several years as part of a pro-
gram of ecological characterisation of littoral
lagoona environments (Costa et al., 1985; Can-
celadaFonsecaet al., 1987; Bernardo et al., 1988;
Cancela da Fonseca, 1989; Cancela da Fonseca et
al., 1989a,b; Bernardo, 1990; Cancela da Fonseca
et al., 1990; Duarte et al., 1990; Cristo & Cancela
daFonseca, 1994). These lagoons present different
senescence degrees, where spontaneous communi-
cation with the sea (“vivification” sensu the Itaian
authors) occurs unfrequently. In Melides lagoon,
the formation of an inlet is still frequent, while in
Sanchalagoon, and according alocal fishermen an
inlet was only established once in the past 25
years. Overwash during storms constitute its main
source of sea water.

Lagoa da Sancha is a small (4 ha) coasta
lagoon with an elongate shape along a N-S axis.
The lagoon is located close to and north of the
locality of Sines. Its original connection with the
sea, and only way for water renewal, has been
lost and, consequently, only minimal colonisation

by marine species can occur. It is isolated from
the sea by a sand barrier of aminimun 150 metres
wide with well-developed dune vegetation, ex-
cept in the zone of the old inlet channel.
Freshwater comes from a small catchment area
(ca. 37 km?) with a regime of seasonal torrential
rains. The lagoonal area considered (i.e. where
sampling took place and environmental parame-
ters were measured) was the area which was
flooded during the period of study. The study area
included sites close to a sand barrier, with mud
and sandy areas and a predominance of the
macrophyte Ruppia maritima. The area was also
fringed by sediments of alluvial origin and with a
dense coverage of common reed (Phragmites
australis)(Fig. 1). No previous studies have been
done on this lagoonal environment. The area is
being proposed for designation as a protected
nature reserve.

MATERIAL AND METHODS

Samples were collected monthly between Fe-
bruary 1988 and March 1989, at generally five 5
sampling stations (Fig. 1).

Temperature (°C), salinity (%o), pH, dissolved
oxygen (ppm) and turbidity (NTU) were measu-
red every month. Monthly water samples were
also obtained for nutrient analysis, which was
carried out following standard procedures des-
cribed by Strickland & Parsons (1972) for phos-
phate, nitrate, nitrite and silicate and by Gras-
shoff (1976) for ammonia. Chlorophyll a and
phaeopigments (mg-m3) were determined spec-
trophotometrically from material collected on
Whatman GF/C filters, after extraction with 90%
acetone in cool and dark conditions (Lorenzen,
1967). The National Meteorological Institute pro-
vided rainfall data.

For benthic macroinvertebrates, samples were
collected with amodified Van Veen grab (“ Sousa
Reis’/LMG 83, 0.05 m?). Sampling were sieved
in situ through a 1mm? mesh sieve and preserved
in a 10% formalin solution stained with Rose
Bengal. After sorting, samples were kept in 4%
buffered formalin solution. All organisms were
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identified to the species level whenever possible.
Diversity (H", bits), Equitability (E) and
McNaughton Community Dominance (Dc %)
indices were calculated (Krebs, 1994).

Estimates of sediment organic matter content
(%) for the top centimeter were obtained by
weight loss on ignition (£500°C during a 24hr
period), after drying for 24hr at about 65°C.
Macrophyte biomass, measured as ash-free dry
weight (i.e. AFDW g.m?), was determined using
the above method, from material sorted out from
macroinvertebrate samples.

RESULTS

Climatic conditions - temperature and rainfall -
define annual patterns of most variables. The
lagoon can be classified as oligohaline (<5%o
salinity), except in Summer, when salinity values
reach 12%. (mesohaline) due to increased evapo-
ration and seasona drought (Table 1). Diurna
dissolved oxygen is low (i.e. <5 ppm) in
Spring/Summer and in December, but is never
absent. The organic content of the top centimetre
of sediment averaged 25% of total dry weight
(Table 1). Nutrient concentrations revealed both
internal recycling and phosphate release from the
bottom. Run-off from the catchment area caused
an increase in nitrogen and silicate lagoon con-
centrations (Table 1).
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Figure 2. Average distribution of macrophyte biomass (AFDW g.m )
in Lagoa da Sancha during the period February 1988- March 1989.
Distribucion promedio de la biomasa de macr éfitos (PSSC g.m?) en
la laguna de Sancha durante el periodo de Febrero de 1988 a

Marzo de 1989.

Table 1. Lagoa da Sancha: environmental parameters over the sampling period (February 1988 - March 1989). Laguna da Sancha: parame-
tros ambientales durante el periodo de muestreo (Febrero 1988- Marzo 1989).

Environmental 1988 1989
parameters

Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec |Jan Feb Mar
Temperature (°C) 12 16 184 18 21 20 20 28 26 18 12| 128 169 157
Sdlinity (%0) 29 3 3 25 3 3 4 12 12 85 3| 45 3 4
Rainfall (mm) 1536 464 107 179 357 679 214 0 15 1411 1821 107 71 54 36
Macrophytes (g/m2) - 2841 250 2195 209.1 236.4 2205 3932 177.3 - 1136 165.9 |161.4 2045 227.3
Oxygen (ug/L) 11.9 179 3 34 48 44 10 9 62 39| 13 95 91
Phosphates (Ug/L) 03 028 034 021 1 124 032 124 12 133 063| 04 024 049
Nitrogen (ug/L) 343 0 0 299 069 374 079 1 11 49 286 (2684 1245 9.43
Silicates (ug/L) 573 85 88 235 224 2225 10 415 55 148 7.15| 78 7.8 7.15
SOM (%) 297 293 288 314 303 257 238 211 - 243 197| 195 258 257
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Table 2. List of taxa recorded in the benthos of Lagoa da Sancha (February 1988- March 1989). Shading indicates presence. Taxones encon-
trados en el bentos de la Laguna da Sancha (Febrero 1988- Marzo 1989). El sombreado indica presencia.

"1988" "1989"

F M A M J J A S N D J F M

ANNELIDA

1- Hediste diversicolor

2- Paranais litoralis

3- Fridericia paroniana
MOLLUSCA

4- Potamopyrgus jenkinsi
ARTHROPODA

5- Acaridae N. |.

6- Smocephal us exspinosus
7- Smocephalus sp.

8- Daphnia magna

9- Daphnia sp.

10- Ostracoda N. I.

11- Herpetocypris reptans
12- Cyprideis littoralis
13- Cyclopoida N. I.

14- Sphaeroma hookeri
15- Gammarus chevreuxi
16- Ephemerella sp.

17- Centroptilum sp.

18- Cloeon sp.

19- Baetis sp.

20- Baetidae N. I.

21- Lestes cf. dryas

22- Pirrhosoma nymphula
23- Ischnura elegans

24- |schnura cf. graellsi
25- Ischnura pumilio

26- Anax cf. parthenope
27- Aeshna affinis

28- Aeshna mixta

29- Crocothemis erythraea
30- Sympetrum fonscol ombei
31- Micronecta sp.

32- Corixa affinis

33- Sgara(Halicorixa) stagnalis
34- Corixidae N. I.

35- Plea leachi

36- Notonecta sp.

37- Anisops p.

38- Notonectidae N. I.

39- Naucoris maculatus
40- Gerris sp.

41- Aphididae N.I.

42- Coleoptera N. 1.

43- Gyrinus sp.

44- Aulonogyrus sp.

45- Hyphydrus aubei
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Table 2. Continuacién. Continuation.

" 1988" " 1989"

46- Hyphydrus sp.

47- Hydroporus sp.
48- Laccophilus sp.
49- Agabus sp.

50- Ilybius sp.

51- Rhantus sp.

52- Colymbetes sp.
53- Philydrus sp.

54- Berosus sp.

55- Cyphon sp.

56- Adalia sp.

57- Diptera N. I.

58- Dixidae N. I.

59- Culicidae N. I.
60- Trichotanyprus sp.
61- Prodiamesa sp.
62- Chironomus sp.
63- Cricotopus sp.

64- Chironomidae N. I.
65- Ceratopogonidae N. I.
66- Ephydridae N. I.
67- Tabanidae N. I.
68- Empididae N. 1.
69- Anthomyidae N. I.

The recorded maxima for chlorophyll-a and
phaeopigments correspond to the detected peak
of phosphate (September 1988 - Table 1).

During Summer, water volume decrease dra-
matically. Macrophyte biomass achieved its ma-
ximum in July (400 g AFDW/ m? - Table 1).
Ruppia maritima was the only macrophyte
species recorded in the sampled area. Its biomass
decreased from the inner part towards the ancient
inlet zone and into the deeper area (Fig. 2).

The sixty-nine taxa of macroinvertebrates iden-
tified belong to 14 major taxonomic groups (Table
2). It appears that only species with continental
and/or freshwater affinities are present throughout
the year. Only a reduced number of these can be
considered constant in the lagoon, such as the
Anomopoda Daphnia sp., the Ostracoda
Herpetocypris reptans, the Ephemeroptera Cloeon

sp., the Hemiptera Plea leachi, the Coleoptera
Berosus sp and the Diptera Chironomidae spp.
Mosgt individuas in samples (89.4%) belonged to
Anomopoda and Diptera (Fig. 3), both typicaly
continental and freshwater groups, athough with
representatives in brackish environments.
Richness (i.e. number of taxa) generaly de-
creases over the sampling period. A correspon-
ding increase in global density (total number of
individuals/m?) was also observed (Fig. 4).
Monthly variation of Diversity (H’, bits),
Equitability (E) and McNaughton Dominance
(Dc, %) of Community (Fig. 5) emphasize that
most taxa have uniform numerical distributions,
a situation that was maintained until May. From
June onwards, there was a decrease in diversity.
In september, a peak in diversity, coincided with
a decrease in dominance. In following months a
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Figure 3. Percentage of taxa and percentage of number of individ-
uals per taxa. found in Lagoa da Sancha during February 1988-
March 1989. Porcentage de taxones y de nimero de individuos por
taxén encontrados en la laguna de Sancha durante el periodo de
Febrero de 1988 a Marzo de 1989.

lower diversity was found along with higher
dominance values. Generaly, the decrease in
diversity and increase in dominance, reflects
both the decrease in the number of taxa and
increase in the number of individuals. The fact
that many insect taxa leave the water when
reaching the adult phase, explains in part the
decrease in richness.

DISCUSSION

An important component of the biological com-
munities of coastal lagoons originates in the sea.
However, only 8.7% of taxa collected in Lagoa da
Sanchawere marine species. The great majority of
both number of taxa (89.8%) and abundances
(89.4%) are of continenta origin. An important
shift of the benthic macroinvertebrate community
from ameso-polyhaline to an oligohaline commu-
nity has occurred because of the lack of connection
with the sea. By contrast, 50% and 41.5% of taxa
recorded in St. André and Melides lagoons are of
marine origin (Cancela da Fonseca, 1995, Cancela
daFonsecaet al., 1989b).

It can therefore be argued that the studied
lagoonal community is a primarily freshwater
ecosystem, very similar to temporary lentic sys
tems where taxa succession is eratic in tight
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Figure 4. Number of taxa and global density of individuals (ind m?)
found in Lagoa da Sancha during February 1988 - March 1989.
NUmero de taxones y densidad global de individuos (ind n?) cap-
turados en la laguna de Sancha desde Febrero de 1988 a Marzo de
1989.

dependence with rainfall regime. The suggestion is
this lagoon is a former brackish lagoonal environ-
ment which has evolved towards a more limnetic
condition, as the separating sand barrier between
sea and lagoon widened. However, the lagoon
remains a brackish oligohaline water body. Thisis
clearly indicated by the presence of alarge amount
of taxa with brackish preferences (Table 2), both
with marine and continental affinities (cf:
Verhoeven & Viersen, 1978, Barnes, 1980, Viersen
& Verhoeven, 1983, Cancela da Fonseca, 1989,
Cancela da Fonseca, et al., 1989b, Quintino &
Rodrigues, 1989).

Phytoplankton in brackish environments is
usually limited by nitrogen, contrasting with the
commonly found P-limitation in freshwater sys-
tems (Nixon, 1982, Vaulot & Frisoni, 1986).
Concentrations of phosphate and nitrogen (i.e.
ammonia, nitrite and nitrate) found in Lagoa da
Sancha from September 1988 suggest P-limita-
tion of phytoplankton (Table 1).

The Macrobenthic community is strongly do-
minated by Chironomids and Anomopoda spe-
cies. Although there is large variation throughout
the year, there was a generaly large diversity of
insects, with 54 taxa recorded, athough their
presence in the water was mostly limited to larval
stages. Also, abundance of the different insect
species was related to their different life cycle.
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Figure 5. Species diversity (H’), equitability (E) and McNaugthon
dominance (Dc) of the benthic community of Lagoa da Sancha esti-
mated during the period February 1988 - March 1989. Diversidad
de especies (H’). Equitabilidad (E) y indice de dominancia de
McNaugthon (Dc) de la comunidad bentonica de la Laguna de
Sancha durente el periodo de Febreo de 1988 a Marzo de 1989.

Monthly mean values of salinity and temperature
emphasise that the change from oligohaline to
mesohaline status occurs only during summer,
due to evaporation (Table 1). During this study,
sea water never entered the lagoon by the inlet
and a single overwash period (December 1988 -
January 1989) was detected. Thu, little immigra-
tion from near by marine environments (Table 2
and Fig. 3) explains the scarcity of brackish
species with marine affinities (Hediste diversicol -
or, Paranais litoralis, Cyprideis littoralis,
Sphaeroma hookeri, Gammarus chevreuxi).

The lagoon was irregularly colonised by a
wide diversity of taxa although many were only
occasionally recorded. Only a restricted number
of species appeared to tolerate the wide seasonal
variation in environmental conditions (Table 2).
As pointed out by Bamber et al. (1992), lagoons
dominated by “lagoonal specialists” may be
considered relevant for conservation as “ecolog-
ical islands” or permanent habitats with period-
ical changes in environmental conditions
(Cancela da Fonseca, 1979).

Changes in community parameters H', E and
Dc (Tableb), suggest the heavy rainfall of January
1988 might have influenced the macroinvertebrate
community by creating stable environmental con-
ditions sustaining a steady diversity until May. The
peak of diversity and simultaneous decline in do-
minance in September is probably related to the

loss of chironomids, which disappeared from the
water with their reaching adult phase.

Strong rainfalls were recorded in October and
November followed by a dry winter leading to a
community developed in winter wich differs
from that of the previous winter. An increase in
the number of taxa occurred in December, after a
winter spate. The lentic communities were
strongly influenced by temperature and salinity
which is in turn dependent on annua climatic
conditions. The benthic macroinvertebrate com-
munity of Lagoa da Sancha can be considered as
a “physically controlled community” (Sanders,
1969).

In wet years the distance between sea and
lagoon waters may be reduced, thus facilitating
immigration of marine taxa coming with seawa-
ter washing over the sand barrier, a marine-la-
goona pool of species (Cancela da Fonseca,
1989; Cruz, 1989). Immigration, though, is spo-
radic and does not increase low winter salinity. In
estuarine/lagoonal environments of the Portu-
guese Southwest coast, salinity seemsto follow a
annual cycle of decreases in Autumn-Winter, and
increases in Spring-Summer due higher to runoff
and evaporation (Andrade, 1986; Magalhées et
al., 1987; Cancela da Fonseca, 1989; Cancela da
Fonseca et al., 1989b).

The annual cycle of the benthos of Lagoa da
Sancha has similarities to that of a neighbour
lagoon, Lagoa de St° André (Cancela da Fonseca,
1989). In both these lagoons, changesin the ben-
thos community throughout the year in terms of
species richness and diversity are a function of
both the rates of immigration and of extinction
(MacArthur & Wilson, 1967). In effect, lagoons
act as “ecological isands’.
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