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Abstract

The macrozoobenthic community structure and dynamics at low salinities (0 .3 -6  psu) in a Mediter
ranean lagoon (Monolimni lagoon) were investigated. Samples were collected monthly from February 
1998 to February 1999 at two sampling stations. Community structure was analyzed by means of uni- 
and multivariate methods. 21 taxa were collected; the amphipod Corophium orientale and the gastro
pod Ventrosia maritima dominated the assemblages. Total abundance peaked (50,000-60,000 indivi
duals n r 2) in mid or late autumn. Community structure showed an almost even seasonal periodicity; 
seasonal changes were mainly derived from the intense variation in abundance of most species and the 
non-occurrence of a few ones (e.g. Corophium insidiosum, Polydora ciliata) in spring and summer. Non
occurrence, which led to a depression of the most diversity indices, was possibly the only direct impact 
of the extremely low salinities (-0 .3  psu) on community structure. The main structuring factors of the 
community in the deeper outer part of the lagoon were water temperature and depth, and in the inner
most part, where a Ruppia maritima meadow occurred, were water temperature and predation pressure 
by crabs (Carcinus aestuarii) and gobies (Knipowitchia caucasica). A temporary decline in total abun
dance in summer followed an increase in abundance of these predators.

1. Introduction

Coastal brackish habitats have been the subject of extensive studies. Nevertheless, the fac
tors determining the pattern of distribution and seasonal dynamics of the macrobenthic fauna 
in these habitats are not yet sufficiently known. G u e l o r g e t  and P e r t h u is o t  (1 9 9 2 ) intro
duced the concept of "paralic ecosystem " and "confinem ent" and applied these concepts 
mainly to the study of the coastal brackish habitats of the microtidal M editerranean Sea. The 
authors proposed that "confinem ent", which represents the turnover time of marine water, is 
the main factor determining the horizontal zonation of benthic assemblages in the coastal 
brackish ecosystems ("paralic" ecosystems); they also stated that the populations in these 
ecosystems remain stable despite frequent considerable environmental variations (e.g. in 
salinity); even more, summer dystrophic crises do not destroy the ecosystem which recovers 
quickly once the crisis is over.

Useful inform ation on the seasonal dynamics of the m acrozoobenthic assemblages in 
M editerranean coastal brackish habitats was given in some mainly recent publications (e.g. 
R e iz o p o u l o u  eta /., 1996 ; L a r d ic c i e ta /,,  1997; T a g l ia p ie t r a  e ta /,,  1998; K o u t so u b a s  
e ta /,, 2000); several of these studies were carried out in lagoons, which suffer from  sum 
mer dystrophic crises. However, the monthly variation in m acrobenthic com m unity structure 
and the associated environm ental factors at very low salinities in M editerranean brackish 
habitats have not substantially been investigated.
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M onolimni lagoon, which is located in the Evros Delta (Northern Aegean), is a poikilo- 
haline, relatively enclosed M editerranean brackish system. Although a significant scientific 
effort has been spent on macrobenthic fauna of several other areas of Evros Delta (e.g. 
G ouvis and K o u k o u r a s ,  1993; G ouvis eta!., 1997; K e v r e k id i s ,  1997), the com position of 
the m acrozoobenthic assemblages in M onolimni lagoon remains practically unknown.

W e describe the m onthly variation in the m acrozoobenthic com m unity structure and 
dynamics at very low salinities in a M editerranean lagoon (M onolimni lagoon), and inves
tigate the key abiotic and biotic variables affecting com munity structure. Several variables 
(e.g. temperature, salinity, oxygen concentration, sediment characteristics, biomass of 
macrophytes, density of epibenthic predators, etc.) are examined. Our hypothesis was that 
the m acrozoobenthic com munity would show a rather homogeneous composition through
out the annual cycle; the seasonal dynamics of the com m unity would mainly be governed 
by temperature, which strongly affects the life cycle of the species.

2. Methods

2.1. Study Area

Evros Delta is located at the N.E. end of the Aegean Sea (Fig. 1 ). Fresh water flows in the delta area 
primarily through the eastern branch of Evros river; additional fresh water inflows enter in the delta 
area through the western branch of Evros River and the streams Mikri Maritsa and Loutron, usually 
from late autumn to early summer. Three islets and some lagoons have been formed in the delta area. 
Monolimni (or Paloukia) lagoon occupying an area of about 112 ha communicates with the sea mainly
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Figure 1. Geographical location of the study site, (B) map of Evros Delta and map of Monolimni
lagoon showing the sampling stations.
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through an opening 15 m wide at its N.W. end (Fig. 1 ). The maximum depth at the outer southern part 
of Monolimni lagoon is about 2.5 m and at the innermost northern part about 60 cm. An extensive 
macrophyte meadow (Ruppia marítima L.) covers almost completely the bottom of the northern part. 
Extensive culture of various species of mullet is the main exploitation pattern occurring in the lagoon. 
An annual fishing production of 11 100 kg was recorded in Monolimni lagoon in 1998 according to the 
local Fishery Service.

2.2. Sampling and Laboratory Techniques

Monthly samples were collected during February 1998 -  February 1999 at station Ij located in the 
southern part of the lagoon and at station B2 located at the northern part (Fig. 1). Each time at each sta
tion, 4 random sampling units were taken with a modified van Veen grab (Larimore, 1970); the grab 
covered a surface of 400 cm2 (20 x 20 cm) and penetrated to a depth of 20 cm. The samples were sieved 
immediately through a 0.5 mm screen. Sediment samples were taken with a small corer for particle size 
analysis and estimation of the amount of organic matter. Depth and salinity, temperature, dissolved 0 2, 
0 2 saturation and pH of the water near the bottom, as well as temperature of the sediment at depths of 
1 cm and 5 cm were also measured. Additionally, two samples of epibenthic decapods and small fish
es were taken using a special net (with a square opening having a side of 40 cm) which was pulled on 
the sediment along a 10 m distance.

Sediment analysis and estimation of organic matter were made according to the methods described 
by Buchanan (1984). All animals were identified to the lowest possible taxon and counted.

2.3. Data Analysis

Macrobenthic community structure was analyzed by total number of individuals (N), number of 
species (S) and species richness Margalef' s (d). Shannon -  Wiener species diversity (H ') (natural log
arithm) and evenness (J) indices calculated for each sampling unit.

Cluster analysis (Bray-Curtis similarity index, group average clustering) and non -  metric multidi
mensional scaling (MDS) were used to investigate faunal similarities among monthly samples in each 
station separately (data transformed to fourth root). The significance of differences between clusters of 
monthly samples was tested using the Analysis of Similarities -  ANOSIM. Species responsible for sim
ilarities and for differences between clusters of monthly samples were investigated using the similarity 
percentages procedure -  SIMPER (Clarke, 1993). Environmental variables best correlated with the 
multivariate pattern of the macrobenthic community were identified by means of harmonic Spearman 
coefficient, Qw (BIO -  ENV analyses) (Clarke and A insworth, 1993). In order to apply BIO -EN V  
analysis, several matrices including combinations of non-highly correlated environmental variables were 
used; Spearman's rank correlation coefficient was applied to identify these correlations between the 
environmental variables. The PRIMER package developed at Plymouth Marine Laboratory was used.

3. Results

3.1. 77re Environment

3.1.1. Abiotic Variables

The m onthly variation in abiotic factors of water and sediment throughout the sampling 
period in stations I2 and B2 is shown in Table 1. In station I2 depth varied between 50 cm 
and 70 cm almost throughout the sampling period; it showed a higher value in April (85 cm). 
In station B2 depth fluctuated between 30 cm and 55 cm. W ater temperature near the bot
tom  showed lower values in Decem ber (1.8 °C in st. Ib 4.2 °C in st. B 2) and higher ones in 
July (26.7 °C in st. Ib 28.5 °C in st. B 2); sediment temperature at a 1 cm or 5 cm  depth 
showed a seasonal variation correlated with water temperature (Table 1). Salinity near the

© 2004 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim



Ta
bl

e 
1. 

M
on

th
ly

 
va

ria
tio

n 
in 

ph
ys

ic
oc

he
m

ic
al

 p
ar

am
et

er
s 

of 
w

at
er

 
an

d 
se

di
m

en
t 

in 
sta

tio
ns

 
Ij 

an
d 

B
2, 

as 
w

el
l 

as 
in 

dry
 

w
ei

gh
t 

bi
om

as
s 

of 
le

av
es

 
an

d 
sh

ea
th

s 
of 

Ru
pp

ia
 

m
ar

iti
m

a 
L.

 i
n 

sta
tio

n 
B

2 
(a

fte
r 

M
a

le
a

 
et 

al
., 

in 
pr

ep
ar

at
io

n)
, 

du
rin

g 
the

 
sa

m
pl

in
g 

pe
ri

od
.

410 T. K e v re k id is

CM M3 M3 M3in tri iri oo o; r-; o\ co t";
o ^ t M 3 o o M 3 M 3 M 3 ^ t ö ö

l> l> O 1—H Hm Ö M ; c 4 0 \ \ o S S ' - o

Os  M3 M3 Os
O C O c O O S C O c O c O  c o o  < r i o » n i > o s ö ö o s ö ^ i

O M"
P  b-; M3 ■—H CM M3 p  CO Osv n ^ t o o c n o o ^ t ^ t ^ t c o ö ö

O  M" Os  M"o  l>

Os  O  O

p  ; P p  P p  P co
C 3 M 3 M 3  00 M 3 M 3 M 3 0 Ö

O  p  i-H OO p  M3
MD t  OO i n  i r i  Os

M 3 0 0 0 M 3 t > M 3 M 3 M 3 0 s O

OO M3 M3 M3 en O  O

OO M3 M3 M3 O

■—h p  O  p  CO
OO Os O  Os O

S

o'

. S c « «
æ Q O

S tí
si  Íi

M S 
a  H

Q  ea  o

P  p  O  i-H p  M3 p  M30^j : M3 05 00oooooo

en cm p  M3 
OO T t  co  co  M3

O  CO CO

p  p  p
OO l >  M3 M3 M3

M" t— oo oo oo t—

oo io o  M"
t"» OS OO OO M3

s  -^  co .s

. s  «  «"3 .22 ^
m  Q O M S 

a  H

ü  ü 
S S
H V)
"S "S 
d  d  
S S

s
■3

© 2004 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

QD
 

(p
hi

) 
0.9

0 
0.6

5 
0.6

5 
0.6

0 
0.6

5 
0.5

5 
0.7

5 
0.6

0 
0.8

0 
0.8

0 
0.7

0 
0.6

0 
0.

85

O
rg

an
ic

 
m

at
te

r 
(%

) 
0.4

8 
0.9

3 
0.7

5 
0.9

0 
2.2

0 
1.0

 
1.0

9 
1.3

6 
1.4

3 
0.9

8 
0.8

4 
0.8

2 
1.

31

B
io

m
as

s 
of 

le
av

es
 

an
d 

sh
ea

th
s 

of 
Ru

pp
ia

 
0.8

56
 

1.4
93

 
2.7

19
 

29
.30

6 
67

.65
9 

66
.83

4 
87

.96
1 

10
8.6

02
 

11
4.9

17
 

30
.25

3 
18

.42
0 

8.
17

5 

m
ar

iti
m

a 
L.

 
(g 

DW
 

m
-2

)



Macrozoobenthos in a Mediterranean Lagoon 411

bottom  varied between 0.3 and 5.6 or 5.7 psu throughout the sampling period in both sta
tions (Table 1). In July 1997, water salinity near the bottom  varied between 30 and 31.5 psu 
overall the lagoon (unpublished data). An increased freshwater inflow during w inter and 
spring of 1998 following a period of intense rainfall on the Evros river catchm ent area resul
ted in a sharp decline in salinity values in M onolimni lagoon.

Dissolved 0 2 and 0 2 saturation showed high values throughout the sampling period (mini
mum values 6.05 mg/1, 74% in station I1; 9.8 mg/1, 101% in station B2); oxygen concentra
tions were higher in station B 2 than in station Ij almost throughout the study period and par
ticularly during the period of the m axim um  growth of Ruppia maritima  (Table 1). Values 
of pH ranged from  7.4 to 8.3 during the most of the sampling period in station Ij and scored 
(~9) in winter; they varied between 7.45 and 9.32 in station B 2 (Table 1). The sediment was 
fine sand in station Ij and very fine sand in station B2; the median diameter (Md) of the sedi
ment showed a low monthly fluctuation in both stations (Table 1). The values of the or
ganic matter of the sediment were lower in station Ij (0 .15-1 .73% ) than in station B2 
(0.48-2.2% ) and much lower in both stations than those reported for several M editerranean 
lagoons (e.g. R e iz o p o u lo u  eta!., 1996; L a r d i c c i  eta!., 1997; T a g l i a p i e t r a  eta !., 1998).

3.1.2. Biotic Variables

M acroalgae were occasionally observed in both parts of the lagoon throughout the study 
period. In the innerm ost northern part the biomass of the leaves of Ruppia maritima  gradu
ally increased from  spring to August and October ( M a l e a  et a l ,  in preparation) (see also 
Table 1).

Two decapods (Carcinus aestuarii, Crangon crangon) and two small fishes (Knipowitschia 
caucasica, Syngnathus acus) were found in the monthly samples taken with the special net 
in station Ij (Table 2). The aforementioned species along with the small fish Aphanius fa s 
ciatus were also collected in station B2 (Table 2). Carcinus aestuarii was mainly found from 
M ay to October in both stations having higher abundance in M ay -  June in station B 2. U te

Table 2. Monthly variation in the number of individuals/10 m2 of the epibenthic decapods and 
the small fishes collected using a special net in stations Ij and B2 during the sampling period.

Species F ’ 98 M A M J J A S O N D J ’ 99 F

S ta tio n  I j  Crangon crangon 1.3 76.3 10 3.8 76.3 40 61.3 10
(L innaeus, 1758)
Carcinus aestuarii 1.3 3.8 2.5 11.3 6.3 1.3 5 1.3 1.3 1.3
N ardo , 1847
Knipowitschia caucasica 1.3 1.3 15 62.5 6.3 28.8 3.8 1.3 1.3 2.5
Kawrajsky , in B ero, 1916
Syngnathus acus 15 20 10 15 6.3 2.5
L innaeus, 1758

Station  B, Crangon crangon 6.3 6.3 1.3 8.8 20 18.8 3.8
(L innaeus, 1758)
Carcinus aestuarii 20 11.3 2.5 1.3 1.3 3.8
N ardo , 1847
Knipowitschia caucasica 3.8 2.5 468.8 152.5 15 22.5 60 91.3 55 16.3 21.3 6.3
Kawrajsky, in Bero, 1916
Syngnathus acus 1.3 6.3 13.8 2.3 51.3 38.8 25 1.3 1.3
L innaeus, 1758
Aphanius fasciatus 1.3 1.3 1.3
N ardo , 1827
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412 T. K evrekidis

Table 3. The taxa of the assemblages in stations Ij and B2 showing the highest values of 
presence (P) and mean m onthly dominance (D) during the sampling period.

Taxa Station Ij Station B2

P D P D
(% ) (% )

Ventrosia maritima (M ilaschewetch, 1916) 13 37.9 13 51.3
Corophium orientale Schellenberg, 1928 13 39.8 13 14.9
Abra ovata (Philippi, 1836) 12 1.3 13 12.1
Streblospio shrubsolii (Buchanan, 1890) 13 5.1 13 6.2
Hediste diversicolor (O. F. M uller, 1776) 13 3.2 13 3.1
Gammarus aequicauda (M artynov, 1931) 13 1.3 13 3.8
Cerastoderma glaucum  (Poiret, 1789) 8 1.6 13 0.3
Microprotopus maculatus Norman, 1867 9 1.8 7 0.5
Corophium insidiosum C rawford, 1937 8 6.3 5 0.03
Polydora ciliata (Johnston, 1838) 4 0.4 5 0.05
Cumacea 12 1.2 4 0.1
Tubificidae 8 0.06 12 0.7
Chironomidae larvae 12 6.9

goby Knipowitschia caucasica was found almost throughout the sampling period in both sta
tions having higher abundance in station B2 especially during M ay -  June (Table 2). It is 
known that the diet of both C. aestuarii and K. caucasica includes macrobenthic invertebrates 
{e.g. Corophium, Gammarus, Cerastoderma, Abra, Hediste, D iptera larvae) (e.g. C o t ig l ia  
eta!,, 1983a; 1983b; K e v r e k id is  eta!,, 1990; C a r r e r  and O p itz , 1999).

3.2. M acrozoobenthic Assemblage

Twenty one taxa were collected in M onolimni lagoon throughout the sampling period. 
Nineteen taxa were identified in the monthly samples in station Ij and twenty ones in sta
tion B2. The species com position was similar in both stations. In station Ij seven taxa were 
constantly found throughout the study period (at 13 or 12 months) (Table 3). The amphipod 
Corophium orientale and the gastropod Ventrosia maritima  dom inated the assemblage 
showing a cum ulative mean m onthly dominance of 77.7% (Table 3). Five taxa were less fre
quently found (Table 3); three of these taxa (Cerastoderma glaucum, M icroprotopus macu
latus, Corophium insidiosum ) showed a more or less remarkable mean m onthly dominance 
(Table 3). N ine taxa were constant in the innerm ost station B2 (Table 3). Lagoonal taxa of 
freshwater ancestry (larvae of Chironomidae, Tubificidae) were included in these taxa 
(Table 3). The gastropod V. maritima, the amphipod C. orientale and the bivalve Abra ovata 
were the dominants; these species showed a cum ulative mean m onthly dominance of 78.3% 
(Table 3). Two of the constant taxa (C. glaucum, Tubificidae) had a low mean monthly do
minance, while four taxa (M. maculatus, C. insidiosum, Polydora ciliata, Cumacea) were 
less frequently collected having a very low mean m onthly dominance (Table 3).

3.3. Structural Analysis

3.3.1. Univariate Analysis

The total number of individuals of the macrobenthic fauna in station Ij gradually increased 
from  spring (mean value 2 ,640 -4 ,740  individuals n r 2) to October (50,420 individuals n r 2)
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Figure 2. Monthly variation in the total number of individuals of the macrobenthic fauna in stations 
b and B2 during the sampling period; dots = mean; bar lines = standard error.

and then gradually decreased until the last sampling (33,340 individuals n r 2) (Fig. 2). N um 
ber of species (S) and species richness (d) varied between 5.75 and 11.25, and 0.49 and 1.21, 
respectively (Fig. 3). Species diversity (FT) and evenness (J) varied between 0.67 and 2.23, 
and between 0.39 and 0.92, respectively (Fig. 4). Com munity indices showed a decrease 
from February 1998 to June; most of them displayed an abrupt decline in April (Figs. 3, 4). 
From  June onwards they gradually increased (Figs. 3, 4).

Total macrobenthic density in station B2 gradually increased from February 1998 (mean value 
6,960 individuals n r 2) to November (57,680 individuals n r 2); that increase was temporarily inter
rupted in July (Fig. 2). From November onwards, total density gradually decreased until February 
1999 (30,140 individuals n r 2) (Fig. 2). S and d ranged from 8 to 11.8, and from 0.70 to 1.14, cor
respondingly; their values decreased from spring to June, while their gradual increase from June 
onwards was temporarily interrupted in August (Fig. 3). FT and J fluctuated between 1.20 and 1.82, 
and between 0.53 and 0.79, respectively, showing their lowest values in autumn and winter (Fig. 4).

S st. II16

— O— d st. II 
- - O—  d st. B2

14

12

10

8
2*6

*Q-  -4

2

0 0.3
F'98 M A M J J A S O N D  J'99 F

Figure 3. Monthly variation in the number of species and species richness in stations h and B2 during 
the sampling period; dots = mean; bar lines = standard error.
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Figure 4. Monthly variation in species diversity and evenness in stations Ij and B2 during the sampling 
period; dots = mean; bar lines = standard error.

3.3.2. M ultivariate Analysis

The similarity dendrogram  and m ultidimensional scaling (MDS) ordination plot of the 
m onthly samples in station I2 are shown in Figures 5 and 6, respectively, and those corres
ponding to station B2 in Figures 7 and 8, respectively. The similarity among m onthly sam 
ples was very high in both stations (Figs. 5, 7).

In station I2, at a 80.21% sim ilarity level, six significantly distinct sample groups were 
form ed (ANOSIM , global R = 0.93, p < 0.001) corresponding to different periods of the year

6 0 -r

100
m

1

Figure 5. Dendrogram of hierarchical classification of the monthly sampling units on the basis of 
similarity in the faunal composition in station Ij. FEB: February 1998; FEBR: February 1999.
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Figure 6. Multidimensional scaling (MDS) ordination plot of the monthly sampling units in station I¡. 
FEB: February 1998; FEBR: February 1999.

(Figs. 5, 6). The variation in com munity structure showed a seasonal trend: it changed even
ly from  late w inter -  early spring to late spring -  summer, autumn -  w inter and late winter 
(Fig. 6). The samples of September had a transitional position between those of M ay -

75 -,
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Figure 7. Dendrogram of hierarchical classification of the monthly sampling units on the basis of 
similarity in the faunal composition in station B2. FEB: February 1998; FEBR: February 1999.
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Stress: 0.16
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Figure 8. Multidimensional scaling (MDS) ordination plot of the monthly sampling units in station 
B2. FEB: February 1998; FEBR: February 1999.

August and O ctober-January, as well as the samples of February 1999 between those of 
O ctober-January and February 1998-M arch, while the position of April samples indicates 
that a temporal abrupt change in com munity structure occurred in mid spring (Fig. 6).

In station B2, at a 83.07% similarity level, five sample groups were distinguished (ANOSIM, 
global R = 0.95, p < 0.001) (Figs. 7, 8). The first group included the samples of February 1998, 
the second those of March and April, the third those of May and June, the fourth those of July and 
September -  February 1999, and the fifth those of August (Figs. 7, 8). Community structure 
changed evenly from late winter to early -  mid spring, late spring-early summer and mid sum m er- 
autum n- winter, but August samples separated from those of July-February 1999 (Fig. 8).

The average densities of the species contributed >70% to similarity in each main sample group 
in station Ij and in each sample group in station B2 (SIMPER) are given in Table 4. H ie average 
densities of the species which were responsible for the differences between the successive 
sample groups in station Ij and in station B2 (cut -  off 70%) (SIMPER) are given in Tables 5 
and 6, respectively. U iese analyses indicate that the grouping of the monthly samples was 
mainly derived from: a) the intense seasonal variation in density of the same species (e.g. 
Ventrosia maritima, Corophium orientale, Streblospio shrubsolii, Hediste diversicolor, Gammarus 
aequicauda)-, b) the absence of few taxa during some periods (Abra ovata, Cerastoderma glau
cum, Corophium insidiosum, Polydora ciliata in station Ib C. insidiosum, P. ciliata, Cumacea in 
station B2).

In station Ib C. orientale reached its highest abundances during summer, V. maritima during 
autum n-winter, S. shrubsolii in M ay-A ugust, G. aequicauda in April, H. diversicolor during 
summer, autumn and winter, Cumacea and A. ovata during autum n-w inter (Tables 4, 5). 
In station Ib a faunistic impoverishment occurred in April characterized by the disappearance of 
the bivalves (A. ovata and C. glaucum ) and the decreased abundances of the most of the other
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Table 7. Summary of the com binations of the environmental variables showed the five 
higher values of the harmonic Spearman rank coefficient (q w )  with macrobenthic community 

structure in stations Ij and B2 during the sampling period.

Variable com binations pvv

Station Ij Water Temperature, Depth 0.620
Water Temperature 0.614
Sediment Temperature at 5 cm depth. Depth 0.605
Sediment Temperature at 1 cm depth. Depth 0.602
Water Temperature, Depth, pH 0.597

Station B2 Water Temperature, Carcinus aestuarii 0.521
Water Temperature, Carcinus aestuarii. Knipowitschia caucasica 0.516
Sediment Temperature at 1 cm depth. Carcinus aestuarii. Knipowitschia caucasica 0.513
Sediment Temperature at 5 cm depth. Carcinus aestuarii. Knipowitschia caucasica 
Sediment Temperature at 1 cm depth. Carcinus aestuarii

0.509

species (Table 5). In station B2, the differences between August samples and those of July-Feb- 
ruary 1999 were mainly caused by the remarkably lower densities of C. orientale, Tubificidae and 
S. shrubsolii and the higher ones of Chironomidae larvae and G. aequicauda in August (Table 6).

Taking the data of both stations into account (Tables 4, 5, 6) we can state that: a) Coro
phium  insidiosum  was found with noteworthy abundances only in station Ij in February 1998 — 
M arch and mainly in O ctober-January; b) Polydora ciliata was mostly collected in Febru
ary 1998 in station B2 and mainly from  October to January in station Ij. U iese species were 
not essentially collected in M onolimni lagoon from  early or mid spring to October.

3.3.3. Associated Environm ental Variables

The five highest values of the harmonic Spearman rank coefficient ( q w) deriving from  the 
perform ance of the BIO -  ENV analysis in each one station are given in Table 7. In station 
Ij water temperature and adding over and above the combination of water temperature with 
depth, are best correlated with the seasonal variation in the macrobenthic com m unity struc
ture (Table 7). D ie  combinations of sediment temperature at 5 cm  or 1 cm depth and depth, 
and of water temperature, depth and pH  showed the next highest values of q w (Table 7). D ie 
set of water temperature, depth and salinity showed a value of 0.59. D ie com bination of 
water temperature and abundance of Carcinus aestuarii best correlated with the m acroben
thic com munity structure in station B2 (Table 7). D ie sets of water or sediment temperature 
with the abundances of Carcinus aestuarii and Knipowitschia caucasica  showed the next 
high values of the harmonic Spearman rank coefficient (Table 7). D ie highest values of q w 
in station B2 were lower than those in station Ij (Table 7).

4. Discussion

The macrobenthic fauna in M onolim ni lagoon was mainly com posed of about 12-13  taxa. 
Almost all the collected species can be considered as euryhaline and are com mon and fre
quently abundant inhabitants of the M editerranean coastal brackish habitats. However, most 
of these taxa have never been reported with this high level of density from  habitats sustai
ning such low salinities for long periods (e.g. M a r a z a n o f ,  1969; D i v i a c c o ,  1983; G r a v in a  
e t a l ,  1988; C u n h a  and M o r e i r a ,  1995). Based on the results of the faunal composition, 
the whole macrozoobenthic community -  can be classified to the "euryhaline and eurythermal
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biocoenosis in brackish waters" as defined by P e r e s  (1967). Assemblages exhibiting the 
same set of characters (small num ber of species, high dominance of a few species, relative
ly low diversity) have been previously described from  several brackish habitats throughout 
the M editerranean (e.g. R e iz o p o u lo u  eta!., 1996; K e v r e k id is , 1997; M is t r i  et al., 2001). 
M aximal monthly total abundances of m acrozoobenthos in M onolimni lagoon were among 
the highest ones recorded in several M editerranean lagoons (e.g. R e iz o p o u lo u  e ta /,, 1996; 
T a g l ia p ie t r a  eta /,, 1998; B a c h e i e t  e ta /,, 2000).

The m acrozoobenthic com munity in M onolimni lagoon showed a rather homogeneous 
composition throughout the year. Com m unity structure showed an almost even seasonal 
periodicity. Seasonal changes in the com munity pattern were caused by the pronounced sea
sonal fluctuations in densities of the most abundant species and the absence of a few ones 
mainly in late spring and summer. Similarly, in some other M editerranean brackish habitats 
with higher salinities, species com position did not change seasonally but the densities of the 
same species have been reported to fluctuate widely (e.g. N ic o la id o u  e ta /,, 1985; G ouvis 
e ta /., 1997; K e v r e k id is , 1997).

The seasonal dynamics of the faunal assemblage in the outer, southernm ost part of M ono
limni lagoon was mainly governed by water temperature and on the more by the synergis
tic effect of water temperature and water depth. Tem perature along with photoperiod pro
vide a seasonal cue for the induction and term ination of reproduction of the marine organ
isms in most temperate latitudes (e.g. D e  M a r c h , 1977; M o o r e , 1981) and therefore for 
com munity changes (e.g. W h h l a t c h ,  1977). The available inform ation on the reproductive 
biology and life history of the most abundant species indicates that the observed density fluc
tuations of these species is expected to be mainly a result of their life cycle (e.g. K e v r e k id is  
and K o u k o u r a s , 1988/89; 1992; S a r d a  and M a r t in , 1993; A b r a n t e s  e ta /.,  1999).

In the outer, southernmost part of Monolimni lagoon depth showed a low monthly fluctuation 
(5 0 -70  cm) during most of the sampling period; it had its highest value in April (85 cm) being 
almost the only environmental variable, which exhibited a comparatively extreme value in that 
month. The temporal increase in depth was probably due to an increased freshwater inflow, 
which most probably resulted in a sudden intense sedimentation. That sedimentation was pos
sibly responsible for the temporal impoverishment of the macrobenthic fauna in April which was 
characterized by the disappearance of bivalves and the decrease in abundances of most of the 
other taxa and was also reflected as a depression of community indices. The combination of 
water temperature and depth with pH also showed a positive correlation with community struc
ture. The highest pH values (~9) occurred in mid and late winter coincided with a decline in 
macrofaunal abundance; in several Mediterranean brackish habitats pH showed values lower than 
8.7 throughout the year (e.g. K ev rek id is  and K o u k o u r a s , 1989; A r v a n h id is  eta/,, 1999).

The main structuring factors of the macrobenthic com m unity in the shallower, innermost 
northern part of M onolimni lagoon were temperature along with predation pressure mostly 
by crabs (Carcinus aestuarii), but as well as by gobies (Knipowitschia caucasica). Carcinus 
aestuarii, which is a seasonal migrant, was found from  M ay to October, having higher abun
dances in M ay -  June, while K. caucasica also showed highest abundances in M ay-June; 
this goby, which is a sedentary lagoonal species, breeds from  the end of April to the end of 
July (K e v r e k id is  et a/., 1990). In addition, high summer temperatures increase the feeding 
activity of predators (A r ia s  and D r a k e , 1994). U ierefore, increased predation pressure du
ring early summer probably was responsible for: (a) the temporal decline in total abundance 
in July, (b) the different grouping of the summer samples in station B2 in relation to that in 
station Ib where water temperature itshelf was the main structuring factor. H ie  role of pre
dation by crabs and small fish in regulating the dynamics of macrobenthic fauna (top -  down 
control), particularly in summer, in brackish water habitats has been stated by many authors 
(e.g. W i l t s e  et a/., 1984; A a r n io  and B o n s d o r f f ,  1993; S a r d a  et a/., 1996).

In the shallower, innerm ost northern part of M onolimni lagoon, no variable correlated 
with com munity structure showed an extreme value during August, when a faunistic change
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was recorded. This change was characterized by a sharp decline in the abundances of 
Corophium orientale, Streblospio shrubsolii and Tubificidae and an increase in those of the 
very resistant Chironomidae larvae and the epibenthic Gammarus aequicauda. Extreme va
lues of a non-m easured variable, such as low oxygen concentrations at night due to high 
temperatures and intense respiration rhythm  of the large amount of Ruppia maritima  (see 
C u n h a  and M o r e ir a , 1995), could be possibly responsible for that change. Nevertheless, a 
dystrophic crisis was not observed during late summ er in M onolimni lagoon.

A few species of the assemblage (e.g. Corophium insidiosum, Polydora ciliata) were not 
found mainly from mid-spring to early autumn in Monolimni lagoon; the disappearance of 
these species led to a depression of most community indices. The increase in water tempera
ture during spring should not be considered responsible for that disappearance. Extremely low 
salinities (< 1 psu) over a long period (late winter and spring) were probably responsible. Poly
dora ciliata has been previously found in Mediterranean brackish habitats in salinities higher 
than 3 psu (e.g. G r a v in a  et aí,, 1988; N ic o la id o u  and P a p a d o p o u lo u , 1989). In Biguglia 
lagoon, Corsica, 95% of the population of C. insidiosum  disappeared due to a sharp decline 
in salinity (from 34 to 1.7 psu) and increased current velocity (C a sa b ia n c a , 1972/73). Salin
ity increase during summer (1-5 .5  psu) was followed by the reoccurrence of these species 
mainly in the outer part of Monolimni lagoon with a time lag; immigration and transportation 
of larvae from the marine environments surrounding the lagoon probably resulted in the re
colonization of the populations of C. insidiosum  and P. ciliata, correspondingly (K a r a k ir i and 
N ic o la id o u ,  1987; L a g a d e u c  and B r y lin s k i ,  1987). This time lag might be responsible for 
the positive but not strong correlation between salinity and community structure. Salinity 
increase during summer coincided with an increase in most community indices.

The abundance of the macrobenthic invertebrates in northerly habitats usually increases du
ring the warmest period of the year following the increase in their reproductive activity (e.g. 
Z a ja c  and W h it la t c h ,  1982). In the Mediterranean brackish habitats, the breeding season 
widens, but macrofauna usually experiences extreme environmental conditions (e.g. high tem 
perature and salinity, low oxygen concentration) and predation pressure during summer (e.g. 
A r ia s  and D r a k e , 1994); as a consequence, a reduction in number of species and individuals, 
even a total disappearance of benthic fauna, usually occurs in late summer (e.g. G u e lo r g e t  
and M ic h e l,  1979a; L a r d ic c i  et aí,, 1997; T a g lia p ie tr a  et aí,, 1998). Macroinvertebrate 
abundance in Mediterranean brackish habitats frequently displayed a seasonal variation with a 
peak in winter or spring (e.g. G u e lo r g e t  and M ic h e l ,  1979a) and sometimes a second peak 
in autumn (e.g. G u e lo r g e t  and M ic h e l,  1979a; 1979b; Gouvis et aí,, 1997; M is tr i  et a l,  
2001). However, seasonal patterns with a peak in abundance in mid or late autumn have been 
also observed (e.g. G u e lo r g e t  and M ic h e l ,  1979a; K ev r ek id is , 1997; present study). The 
increase in total abundance during spring at salinities of about 0.3 psu in Monolimni lagoon 
indicates that most community species are highly tolerant to extremely low salinities and the 
assemblages only partly were directly affected by the extremely low salinities.

As hypothesized, the macrozoobenthic com munity in M onolim ni lagoon displayed a 
rather homogeneous composition throughout the year; seasonal changes in com munity struc
ture were mainly caused by the pronounced fluctuations in densities of the same species and 
governed by water temperature. However, com munity structural changes were also caused 
by the absence of some, less tolerant, species in spring, after a long period of extremely low 
salinities; additionally, temporary changes followed an increase in depth, an increase in 
abundance of epibenthic predators (crabs and gobies) in early summer and possible low oxy
gen concentrations at night in late summer.
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5. Conclusions

To summarize, the following conclusions could be derived:
1. The m acrozoobenthic assemblages in M onolimni lagoon were characterized by a small 

number of species, high dominance of a few species and relatively low diversity. Total 
abundance showed a seasonal variation with a peak in m id or late autumn; its maximum 
monthly values were among the highest ones recorded in M editerranean lagoons.

2. Com m unity structure displayed an almost even seasonal periodicity. Seasonal changes 
were mainly due to the pronounced fluctuation in abundance of the most species and, 
additionally, to the non -  occurrence of a few ones in spring and summer.

3. M ost species showed to be highly tolerant to extremely low salinities. The vanishing of 
a few species in spring was possibly the only direct impact of the extremely low salini
ties ( -0 .3  psu) occurred in late w inter and spring on com munity structure. Salinity 
increase during summer coincided with an increase in most com munity indices.

4. The seasonal dynamics of the faunal assemblage in the deeper outer part of the lagoon 
was mainly governed by water temperature, which strongly affects the life cycle of the 
species. A temporary increase in depth was possibly responsible for an impoverishment 
of the fauna in April.

5. The main structuring factors of the com munity in the innerm ost part, where a Ruppia 
maritima  m eadow occurred, were water temperature and predation pressure mostly by 
crabs but as well as by gobies. That pressure was probably responsible for a decline in 
total abundance in July.
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