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Abstract

The benthic fauna was studied in the small, brackish waterMazoma Lagoon in the Amvrakikos bay. 
Benthic samples were collected at 10 stations at bimonthly intervals over a period o f a year. Temperature, 
salinity, dissolved oxygen and sediment organic carbon were also measured at the same time. The envi­
ronmental parameters showed the expected seasonal variability but the benthic community, the structure 
o f  which was only related to plant biomass, did not. This lack o f  seasonality is attributed to the continu­
ous reproduction o f some abundant species and to species interactions.
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Introduction

Coastal brackish water lagoons are 
fragile, ecologically important ecosystems. 
Due to both their limited communication 
with the sea and their shallowness, the 
environmental conditions in the lagoons 
undergo marked seasonal fluctuations. 
Furthermore, they are organically 
enriched areas as a result of riverine inputs 
and the recycling of materials within the 
system. Increased eutrophication, accentu­
ated in some cases by anthropogenic 
impact, often leads to oxygen depletion, 
known as ‘dystrophic crisis’, with detri­
mental effects on the lagoon fauna. Tem­

poral variations associated with such phe­
nomena have been described extensively 
in the literature (e.g. TAGLIAPIETRA el 
aí, 1998; KOUTSOUBAS et al, 2000; 
MISTRI et al, 2000, 2001; LARDICCI et 
al, 2001). However, if pollution preven­
tion measures are to be taken, smaller 
changes need to be detected and distin­
guished from the natural variability of the 
system.

Temporal variations in undisturbed 
lagoons have been much less studied 
(GRAVINA et al. 1989; BACHELET et 
al, 2000; NICOLAIDOU et al., 2006). 
Nicolaidou et al. 2006, who examined the 
yearly variability of the soft bottom fauna
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in two brackish water lagoons in three con­
secutive summers found a shift in the ben­
thic community, particularly in the most 
enclosed areas, but no significant change 
in the ecological indices such as numbers 
of species, numbers of individuals and 
diversity. They suggested that changes 
were not only due to environmental condi­
tions but also to species interactions and 
the intrinsic characteristics of the most 
abundant species.

The present paper examines the tem­
poral variations in the benthos of a small 
lagoon in the Amvrakikos Gulf, focusing 
on aspects that may be responsible for dif­
ficulties in detecting changes in the 
zoobenthos.

Material and Methods

The Mazoma Lagoon is a small, shal­
low, brackish water lagoon in the 
Amvrakikos Bay (Fig.l), which has formed

in the delta of the River Louros. It has a 
surface area of approximately 3km2 and 
communicates with the Amvrakikos Bay in 
the east, with two openings approximately 
30m wide. The bottom is muddy and in the 
eastern part of the lagoon, which is influ­
enced by the marine environment, it is cov­
ered by the angiosperm Zostera noltii 
mixed with the green alga Chaetomorpha 
sp., while in the innermost areas the bot­
tom is mostly bare.

Ten stations were set, marked with 
permanently fixed posts. Their depth did 
not exceed 0.5 m except at station 10 in a 
channel, where it reached 1.5 m. At each 
station five replicate benthic samples were 
collected with a ponnar grab sampling 0.05 
m2 of the bottom, at approximately 
bimonthly intervals for a year. The samples 
were sieved through a 1mm mesh sieve, 
stained with rose bengal and preserved 
with 4% formalin in seawater. The marine 
plants in each sample were kept separate -
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Fig. 1: Sampling site.
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ly, dried in an oven at 600 C and weighed 
to provide an estimate of the vegetation.

Together with the benthic samples a 
small amount of sediment was collected 
for analysis of organic carbon 
(GAUDETTE et aí, 1974). Water temper­
ature and salinity were measured with a 
Yellow Spring Inc probe, while dissolved 
oxygen was estimated according to 
PARSONS et aí (1984).

Environmental data were analysed by 
Principal Components Analysis (PCA) 
after standardisation. Species data were 
first transformed by y=log(x+l) and then 
the Bray-Curtis dissimilarity index was cal­
culated. Based on the dissimilarity matrix 
unconstrained (Multidimensional scaling, 
MDS) and constrained (Canonical Analy­
sis of Principal Coordinates, CAP) ordina­
tion methods were applied (ANDERSON 
& WILLIS, 2003) using the programmes

PRIMER and PERM ANO VA+
(ANDERSON & GORLEY, 2007).

Results

The temperature changed seasonally, 
as expected for a temperate climate, and 
ranged from 8° C in the winter to 26° C in 
the summer, while the salinity ranged from 
14 psu in January to 36 psu in September. 
The organic carbon in the sediment ranged 
from 1.75% to 5.9%, irrespective of season. 
The mean plant biomass was higher at sta­
tion 8 where it ranged from 88.9 g/m2 to 330 
g/m2, followed by the other eastern stations 
7 and 9 (272.7 g/m2 and 151.9 g/m2 respec­
tively). The lowest plant biomass was found 
at the innermost stations 3 and 2 (8.6 g/m2 
and 9 g/m2 respectively) and at the channel 
(10.5 g/m2). The PCA of environmental 
parameters (Fig. 2) showed a clear season-
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al trend, with the summer months at lower 
scores of Axis 1 and the winter at higher. 
The scores of stations on this axis correlat­
ed significantly with salinity (R = -0.906) 
and temperature (R = -0.866), while those 
on Axis 2 correlated with algal biomass 
(R=0.726).

The benthic fauna was typical of 
brackish water lagoons. A total of 107 
species or higher taxa (Annex 1) were col­
lected. The most ubiquitous species was 
Abra segmentum (maximum density 1960 
indiv./m2) which was only missing from one 
station at one time (98.6% occurrence), 
followed by Hediste diversicolor (max. dens. 
3569 indiv./m2) with 91.4% occurrence and 
Mytilaster minimus (max. dens. 5569 
indiv./m2) with 90%occurrence. Another 
set of species occurred steadily at some 
stations only, namely Naineris laevigata 
(max. dens. 1844 indiv./m2 ) at stations 7, 8 
and 9 and chironomid larvae (max. dens.

3235 indiv./m2) at stations 7, 8, 9 and 10. 
Other common, abundant species were the 
amphipods Gammarus insensibilis and 
Dexamine spinosa and the isopods Idotea 
balthica and Sphaeroma ghigii Finally, 
mention should be made of the erratic 
occurrence of the amphipod Erichthonius 
brasiliensis: it appeared only at two stations 
in September with important densities 
(840 and 350 indiv./m2) and at smaller den­
sities (25 and 50 indiv./m2) in November, 
before it disappeared again. The overall 
distribution of species in the lagoon sug­
gests a partitioning of the stations between 
related taxa, or taxa of the same function­
al group. For example, as seen in Figure 
3 a, Hediste diversicolor has its highest 
abundance at stations where Platynereis 
dumerilii has its lowest. The same applies 
to the amphipods Gammarus insensibilis 
and Dexamine spinosa (Fig. 3b).

Following the population structure of
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Fig. 3: Mean density of Hediste diversicolor, Platynereis dumerilii, Gammarus insensibilis and Dexamine 
spinosa at each of the ten stations.
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the most abundant species, with time it was 
observed that although for most species 
one major settlement occurred, less exten­
sive recruitment took place at different 
times of the year. Figure 4 shows the per­
centage of juvenile amphipods and isopods 
at each sampling time. They never 
dropped below 12% for I). spinosa, 8% for 
G. insensibilis and 14 % for/, balthica. The 
same is indicated by the size frequency dis­
tributions of Mytilaster minimus and 
Naineris laevigata in Figure 5.

Both the numbers of species and indi­
viduals varied greatly between stations and 
time. (Fig. 6). There was a tendency for 
higher numbers of species and individuals 
to occur in July and lower numbers of 
species in November, however, no statisti­
cally significant differences were found. 
The diversity was generally low, ranging 
between 1.30 and 2.846; it did not show 
any pattern at all.

Lack of seasonality in the community 
structure was also reflected in the uncon­
strained MDS plot of Figure 7. Only the 
vegetated stations, irrespective of time, 
tend to appear on the right-hand side of 
the diagram. Indeed, as indicated by the 
vectors of the environmental variables, 
algal biomass is related to the distribution 
on the horizontal axis. The high value of 
stress of the analysis, however, should be 
noted. The unconstrained CAP analysis 
(Fig. 8) showed that differences exist only 
between the first two months of the study, 
when the major recruitment of most 
species took place.

Discussion

The benthic fauna of the Mazoma 
Lagoon is typical of Mediterranean brack­
ish water lagoons (NICOLAIDOU et al, 
2005; MISTRI et al, 2000, 2001; PONTI et
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Fig. 4: Percentage of juveniles of four crustacea at the times of sampling. 
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Fig. 6: Number of species (S), number of individuals (N) and diversity (H ’) at all stations and times.

al, 2007). The main factor which influ­
ences the structure of the benthic commu­
nity is the presence of vegetation. The 
importance of angiosperms in increasing 
both the available surface area and the 
spatial heterogeneity, as well as providing 
protection in lagoons, is well documented, 
as for example recently by GAMITO 
(2006) and PONTI et al. (2007).

Despite the seasonal variation of envi­
ronmental parameters expected for tem­
perate climates, temporal changes were 
not evident in the benthic community. This 
lack of seasonality may be attributed to

some biological characteristics of the 
species and to physical features of the 
lagoons.

Many of the abundant species in the 
Mazoma Lagoon, such as Dexamine spin­
osa, Gammarus insensibilis, Idotea balthica, 
Mytilaster minimus and Naineris laevigata 
showed continuous recruitment. Repro­
duction throughout the largest part of the 
year has been observed in several species 
inhabiting lagoons. For example, 
DIVIACCO & RELINI (1981) indicated 
the presence of ovigerous females of 
Microdeutopus gryllotalpa all year long in
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the Italian Orbetello Lagoon. A popula­
tion of the same species in the Bay of 
Cadiz in Spain, was found by DRAKE & 
ARIAS (1995) to be multivoltine with 
overlapping cohorts and a possible maxi­
mum of five generations per year. Contin­
uous reproductive activity of Gammarus 
aequicauda was observed in lagoons in the 
Evros Delta (KEVREKIDIS & 
KOUKOURAS, 1989) and of Corophium

orientale in the Paloukia Lagoon 
(KEVREKIDIS et al, 2000). In the Evros 
Delta prolonged recruitment of Abra seg­
mentum was also observed 
(KEVREKIDIS & KOUKOURAS, 1992).

The number of generations in a year 
may be an intrinsic characteristic of the 
species but it may also be modified by 
external parameters. DRAKE & ARIAS 
(1995) suggested that it may be related to 
the latitude, fewer generations occurring 
in northern latitudes with colder climates. 
However, time and duration of reproduc­
tion may vary even in the same area under 
different climatic conditions. BARTELS- 
HARDEGE & ZEECK (1990), for exam­
ple, found that Hediste diversicolor had a 
longer reproductive period after an unusu­
ally warm winter. Whether the continuous 
reproduction of the species found in the 
Mazoma Lagoon is a reaction to the 
changeable conditions of their environ­
ment or to the continuous supply of food 
in the organically enriched lagoonal 
ecosystem needs further investigation. In 
either case, continuous settlement is 
expected to preclude any seasonal varia­
tion of the fauna.

In the Mazoma Lagoon, there were 
some indications of resource partitioning, 
that is of space, between the two nereid 
species and between the amphipods Gam­
marus insensibilis and Dexamine spinosa. It 
is a phenomenon common in amphipods 
(KOLDING & FENCHEL, 1979; 
SKADSHEIM, 1984), and it has also been 
mentioned for two polychaetes in a lagoon 
in the northern Adriatic (MISTRI et al, 
2002). According to MISTRI et al. (2001) 
there is high functional redundancy in 
lagoonal habitats. While studying northern 
Adriatic lagoons they found a degree of 
species compensation among certain 
guilds, a response likely to occur where
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there are many species per functional 
group. Which species prevails may be 
related to the environmental conditions at 
the time of larval settlement.

Stochastic recruitment is not uncom­
mon in shallow lagoons (BORSA & 
MILLET, 1992; MILLET & 
GUELORGET, 1994). Due to the weak 
amplitude of lunar tides in the Mediter­
ranean, wind induced water movements 
assume an important role in the circula­
tion of water and larval input and disper­
sion. This adds to the unpredictability of 
the community characteristics of the 
lagoons and may affect the degree of con­
finement - or time required to renew the 
marine elements of a lagoon, according to 
GUELORGET & PERTHUISOT (1992). 
These authors stressed the importance of 
confinement in the distribution of species 
within a lagoon and REIZOPOULOU & 
NICOLAIDOU (2004) and 
NICOLAIDOU et al. (2005) found a 
strong negative correlation of confinement 
with species numbers and diversity in 
Greek lagoons.

The benthic study in the Mazoma 
Lagoon demonstrated the lack of season­
ality in the coastal lagoons and put forward 
possible explanations. There may be more 
reasons underlying the irregular changes 
occurring in lagoons such as the patchy dis­
tribution of species (NICOLAIDOU etal., 
2006) and possible selective predation by 
fish and crabs which have not been consid­
ered in the present investigation. Whatev­
er the causes, assessing and monitoring 
ecological quality in lagoons based on the 
zoobenthos should take into consideration 
the erratic changes that take place natural­
ly. As suggested by REIZOPOULOU & 
NICOLAIDOU (2007) it may be more 
reliable to use size distributions, based 
either on weight or linear measurements

(BASSET et al, 2006) rather than the 
community characteristics of the benthos.

Acknowledgements
I would like to thank the Fisheries 

Officer and the Fishermen’s Cooperative 
of Preveza for their assistance in the field. 
Thanks are also due to my MSc students 
for their contribution at various phases of 
the project and to Dr I. Akoumianaki for 
constructive discussions.

References

ANDERSON, N.J. & GORLEY, R.N., 
2007. PERMANOVA+ for 
PRIMER: Guide to software and sta­
tistical methods -PRIMER-e: Ply­
mouth, UK.

ANDERSON, N.J. & WILLIS, T.J., 2003. 
Canonical analysis of principal coordi­
nates: a useful method of constrained 
ordination for ecology. Ecology 84: 
511-525.

BASSET, A., SABETTA, L., FONNESU, 
A , MOUILLOT, D , DO CHI 
T.,VIAROLI, P., GIORDANI, G , 
REIZOPOULOU, S., ABBIATI, M. 
& CARRADA, G.C., 2006. Typology 
in Mediterranean transitional waters: 
new challenges and perspectives. 
Aquatic Conservation: Marine and 
Freshwater Ecosystems 16: 441-455. 

BORSA, P. & MILLET, B., 1992. Recruit­
ment of the clam Ruditapes decussatus 
in the lagoon of Thau, Mediterranean. 
Estuarine coasted and Shelf Science 35: 
289-300

BACHELET, G., De MONTAUDOUIN, 
X., AUBY, I. & LABOURG, P., 2000. 
Seasonal changes in macrophyte and 
macrozoobenthos assemblages in 
three coastal lagoons under varying 
degrees of eutrophication. ICES Jour-

Medit. Mar. Sei.. 8/2. 2007. 05-17 13



nal of Marine Science 57: 1495-1506.
BARTELS-HARDEGE, H.D. & 

ZEECK, E., 1990. Reproductive 
behaviour of Nereis diversicolor (Anel- 
ida:Polychaeta). Marine Biology 106: 
409-412.

DIVIACCO, G. & REUNI, G., 1981. Gli 
Anfipodi della laguna di Orbetello. 
Quademi cli Laboratorio clelki Tecnolo­
gía cli Pesca 3: 283-291.

DRAKE, P. & ARIAS, A.M., 1995.Distri- 
bution and production of Microdeuto­
pus gryllotalpa (Amphipoda:Aoridae) 
in a shallow coastal lagoon in the Bay 
of Cadiz, Spain. Journal o f Crustacean 
Biology 15: 454-465.

GAMITO, S., 2006. Benthic ecology of 
semi-natural coastal lagoons, in the 
Ria Formosa (Southern Portugal), 
exposed to different water renewal 
regimes. Hydrobiologia 555: 75-87.

GAUDETTE, H.E., FLIGHT, W.R., 
TONER, L. & FOLGER, D.W., 
1974. An inexpensive titration method 
for the determination of organic car­
bon in recent sediments. Journal of 
Sedimentary Petrology 44: 249-253.

GRAVINA, M.F., ARDIZZONE, G.D., 
SC AI ETTA, F. & CHIMENZ, C., 
1989. Descriptive analysis and classifi­
cation of benthic communities in some 
Mediterranean coastal lagoons (Cen­
tral Italy). P.S.Z.N.I: Marine Ecology 
10:141-166.

GUELORGET, O. & PERTHUISOT, 
J.P., 1992. Paralic ecosystems. Biologi­
cal organisation and functioning. Vie 
Milieu 42: 215-251.

KEVREKIDIS, T., BOUBONARI, TH. 
& GOUTNER, V., 2000. Possible fac­
tors modifying the dynamics of a pop­
ulation of Corophium orientale (Crus­
tacea: Amphipoda) in the Palukia 
Lagoon (Evros Delta, N Aegean Sea):

preliminary note. Israel Journal o f 
Zoology.

KEVREKIDIS, TH. & KOUKOURAS, 
A., 1988/89. Life cycle and reproduc­
tion of Gammarus aequicauda (Crus- 
tacea:Amphipoda) in the Evros Delta 
(NE Greece). Israel Journal of Zoology 
35: 137-149.

KEVREKIDIS, TH. & KOUKOURAS, 
A., 1992. Population dynamics, growth 
and productivity of Abra ovata (Mol­
lusca, Bivalvia) in the Evros Delta 
(North Aegean Sea). International 
Revue Gesamptes Hydrobiologie 
77:291-301.

KOLDING, S. & FENCHEL, T.M., 1979. 
Coexistence and life cycle characteris­
tics of five species of the amphipod 
genus Gammarus. Oikos 33: 323-327.

KOUTSOUBAS, D , DOUNAS, C., 
ARVANITIDIS, C., KORNILIOS, S., 
PETIHAKIS, G , TRIANTAFYLLOU, 
G. & ELEFTHERIOU, A , 2000. 
Macrobenthic community structure 
and disturbance assessment in the 
Gialova lagoon, Ionian Sea. ICES 
Journal o f Marine Science 57:1472- 
1480.

LARDICCI, C., COMO, S., CORTI, S. & 
ROSSI, F., 2001. Recovery of the 
macrozoobenthic community after 
severe dystrophic crises in a Mediter­
ranean coastal lagoon (Orbetello, 
Italy) Marine Pollution Bulletin 42: 
202-214.

MILLET, B. & GUELORGET, O., 1994. 
Spatial and seasonal variability in the 
relationships between benthic commu­
nities and physical environment in a 
lagoon ecosystem. Marine Ecology 
Progress Series 108:161-174.

MISTRI, M., FANO, E.A., GHION, F. & 
ROSSI, R., 2002. Distribution and 
community pattern of polychaetes

14 Medit. Mar. Sei.. 8/2. 2007. 05-17



inhabiting Valli Magnavacca (Valli di 
Comacchio, Northern Adriatic Sea, 
Italy). PSZN: Marine Ecology 23: 31- 
49.

MISTRI, M., FANO, E.A. & ROSSI, R., 
2001. Redundancy of macrobenthos 
from lagoonal habitats in the Adriatic 
Sea. Marine Ecology Progress Series 
215: 289-296.

MISTRI, M., FANO, E.A., ROSSI, G., 
CASELLI, K. & ROSSI, R., 2000: 
Variability in macrobenthos commu­
nities in the Valli di Comacchio, 
Northern Italy, a hypereutrophized 
lagoonal ecosystem. Estuarine coastal 
and Shelf Science 51: 599-611.

MISTRI, M., ROSSI, R. & FANO, E.A., 
2001: Structure and secondary produc­
tion of a soft bottom macrobenthic 
community in a brackish lagoon 
(Sacca di Goro, north-eastern Italy) 
Estuarine coasted and Shelf Science 52: 
605-616.

NICOLAIDOU, A , PETROU, K , 
KORMAS, A.K. &
REIZOPOULOU, S., 2006. Interan­
nual variability of soft bottom macro- 
faunal communities in two Ionian Sea 
lagoons .Hydrobiologia 555: 89-98

NICOLAIDOU, A , REIZOPOULOU, 
S., KOUTSOUBAS, D , ORFANIDIS, 
S. & KEVREKIDIS, T., 2005. Biolog­
ical components of Greek lagoonal 
ecosystems: an overview. Mediter­
ranean Marine Science 6: 31-50.

PARSONS, T.R., MAITA, Y. & LALLI, 
C.M., 1984. A manual of chemical and 
biological methods for seawater analy­
sis. Pergamon Press, New York.

PONTI M , COLANGELO, M.A. & 
CECCHERELI, V.U., 2007. Compo­
sition, biomass and secondary produc­
tion of the macrobenthic invertebrate 
assemblages in a coastal lagoon 
exploited for extensive aquaculture: 
Valli Smarlacca (northern Adriatic 
Sea). Estuarine Coastal and Shelf 
Science 75: 79-89

REIZOPOULOU, S. & NICOLAIDOU, 
A., 2004. Benthic diversity of coastal 
brackish-water lagoons in western 
Greece. Aquatic Conservation: Marine 
and Freshwater Ecosystems 14: S93- 
S102.

REIZOPOULOU, S. & NICOLAIDOU, 
A., 2007. Index of size distribution 
(ISD): a method for quality assess­
ment for coastal lagoons. Etydrdbiolo- 
gia 577: 141-149.

SKADSHEIM, A., 1984. Coexistence and 
reproductive adaptations of 
amphipods: the role of environmental 
heterogeneity. Oikos 43: 94-103.

TAGLIAPIETRA, D., PAVAN, M. & 
WAGNER, C., 1998: Macrobenthic 
community changes related to 
eutrophication in Pallude della Rosa 
(Venetian lagoon, Italy). Estuarine 
coastal and Shelf Science, 47: 217-226.

Accepted in 2007

Medit. Mar. Sei.. 8/2. 2007. 05-17 15



AN
NE

X 
1

&

a

Dh

16 Medit. Mar. Sei.. 8/2. 2007. 05-17



Dí

u

u

D , s
S &

Medit. Mar. Sei.. 8/2. 2007. 05-17 17




