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Abstract The higher taxonomic structure of a meiofauered distribution of lagoons and the specific set of fac-
nal community was investigated in an Eastern Meditertars structuring each one make each system very much
nean lagoon (Gialova lagoon, lonian Sea). Seven statiangjue (Barnes 1980). Increasingly, lagoons are highly
were sampled on a seasonal basis during 1995-1986ued habitats not only on account of their aesthetic im-
Stations within the lagoon were found to support a mapiertance and the varied and rare species they support,
mum of 14 meiofaunal taxa with densities ranging frobut also due to the expanding recognition of their eco-
17 to over 2000 individuals per 10 &nNematodes were nomic value. In particular, the shallow lagoons along
not always the most abundant taxa, although they doMiediterranean coastlines are used intensively for aqua-
nated about half of the total 28 samples. Uni- and muktulture or fisheries (Kapetsky 1984; Ardizzone et al
variate analyses were employed to study the commurii§88). In such shallow ecosystems meiobenthos, which
structure. The distribution pattern of the meiofaunbhve been shown to have a high tolerance for brackish
community varied both across the lagoon and over thaters (Santos et.&l996), is thought to play a more im-
seasons. On the basis of the spatial differences a mpmrtant role than macrobenthos with respect to energy
faunal coenocline, correlated with the degree of isoffew and biogeochemical processes (Warwick et al.
tion, was observed, composed of mainly two zones: at@79; Warwick 1981; Castel 1992). Additionally, in
defined by the area close to the marine channel and tthese temporally highly eutrophic areas, macrofauna
other the more isolated area in the inner lagoon. Memay be absent at certain times of the year, and bioturbat-
faunal distribution pattern was not clearly correlated ton — and the consequent maintenance of oxic conditions
one environmental variable, but rather to many, and spathe sediment surface — may be dependent entirely on
tial and seasonal effects could be seen. the meiobenthos (Villano and Warwick 1995).
Over the last two decades the scope of meiofaunal re-
Key words Meiobenthos - Coastal lagoons - Populatiosearch has been extended to include studies of meiofaunal
structure and dynamics - lonian Sea - Eastern density and distribution and the related environmental
Mediterranean factors in lagoons and estuaries (Coull 1985, 1988; Castel
et al 1989, 1990; Castel 1992). However, despite the in-
creased interest in meiofauna, habitats such as brackish
Introduction and lagoonal waters still remain less studied than other
marine environments (Castel 1992). As far as Mediterra-
Lagoons are typically shallow, soft-bottomed habitatean lagoons are concerned, research has only been car-
which are characterised by often rapid and unpredictabikdl out in the western and central basin — Lac de Tunis
fluctuations in environmental parameters on a seasof\itiello and Aissa 1979), France (Castel 1992 and refer-
or even daily basis, which cause changes in the structemees therein) and Italy (Ceccherelli and Cevidalli 1981)
and distribution pattern of organisms. However, the scatwhile no similar studies exist for the eastern basin.
The present study was part of a project investigating the
structure and functioning of Gialova lagoon for the devel-
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objectives of this study were: (1) to determine the comp
tion and dynamics of the meiofaunal community in an eg @
ern Mediterranean lagoon (Gialova lagoon, Greece) us

the major taxonomic groups, and (2) to investigate the |
environmental variables affecting the structure and distrit\

tion of this community. Voldaklis exb.
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Materials and methods

Study area

Gialova lagoon is situated on the south-west coast of Greece, §
cent to the lonian Sea (Fig. 1) and has been classified as a Sp
Area of Conservation under the 1992 EC Habitats Directive.
covers an area of 2.5 Rpmwith a maximum depth of 1 m and is
isolated almost entirely from the sea, with saltwater enteri
through the adjoining Navarino Bay via a small channel (100
long, 10 m wide and 1.2 m deep). Fluvial input is by two small i
lets to the east of the lagoon (Fig. 1).
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Navarino Bay
Field sampling and processing IONIAN SEA

A series of samples from Gialova lagoon were collected from sey- . S .

en stations that were identified as representing characteristic foé§- 1 Map of Gialova lagoon, indicating seasonal sampling sta-
tures of the lagoon (stations A and B adjacent to the marine chi#®f?s for abiotic parameters and meiofauna analysis

nel, stations C, D, E and G within the main body of the lagoon,

station F next to the freshwater inlets; Fig. 1). At each station

three replicate samples were taken using a HYDROBIOS setigher taxonomic groups, in both macro- and meiofauna, show
ment corer, to a depth of 2 cm since from pilot samples more thfgturbance effects to be equally detectable using the highest taxo-
90% of the meiofauna was present in this sediment layer. Theribmic levels (Heip et al. 1988; Herman and Heip 1988; Warwick
ternal diameter of the core was 7 cm (area: 384.drauna in the 1988; Warwick et al. 1990; Warwick and Clarke 1993).

sediment (first relaxed with Mgglwere fixed in neutralised 10%
formalin and stained with rose bengal (the overlying water w
sieved through a 45-um mesh net).

Additional sediment and water samples were taken at each Baiobenthic community structure and dynamics were analysed by
tion for analysis of abiotic parameters: temperature, redox potentiaéans of number of taxa and density (mean number of individuals
sediment particulate organic carbon, chlorophylphaeopigments, per 10 crd). The Mann-Whitney test was used to analyse differ-
mean diameter of sediment particles, silt-clay percentage, saligifices in the distribution of taxa and density among stations (over
(practical salinity scale), dissolved oxygen, pH, ammonia, nitrate$i, seasons) and among seasons (over all stations).
nitrites, phosphates and silicates. The sampling was repeated seasoRellowing the methods of Clarke (1993) using the PRIMER
ally from summer 1995 to spring 1996. Samples of particulate orggoftware package (Plymouth Marine Laboratory, UK), biological
ic carbon, chlorophylh, phaeopigments and nutrients were frozen data (mean of three replicates from each station) were analysed af-
—20°C until analysis. Estimations of the above parameters were t@p-fourth root transformation (Zar 1996). Cluster analysis (group
tained according to standard procedures (Yentsch and Menzel 18§8rage) and non-metric multidimensional scaling (MDS)
Strickland and Parsons 1972; Grasshoff et al. 1983; Parsons efkaliskal and Wish 1978) based on the Bray-Curtis similarity in-
1984). Sediment particle size analysis used wet sieving through ad#k between stations (Clarke and Green 1988) were used. These
um mesh to separate the coarse and fine fractions and % silt-clayawagyses were applied to both total and seasonal biological data.
further determined by pipette analysis (Buchanan 1984). The significance of the resulting groups was tested using the

Meiofauna were extracted from the sediment using the method&\BOSIM test (Clarke 1993). The taxa contributing to the dissimi-
Pfannkuche and Thiel (1988) for centrifugation in a colloidal silidarities between the groups of stations, distinguished by the multi-
solution (Ludox) with a specific gravity of 1.15. Meiofauna in the swariate analyses, were determined using the SIMPER similarities
pernatant were rinsed in distilled water and washed off the sieve pgtcentages procedure (Clarke 1993). Environmental variables
10% formalin and stored. The extraction efficiency was checkisdst correlated with the multivariate pattern of the meiobenthic
manually and proved to be more than 95% for most of the meiofaus@hmunity were evaluated by means of the BIO-ENV analysis as
groups. Samples were examined under a binocular microscope pnoposed by Clarke and Ainsworth (1993). Additionally, Spear-
grided petri dish, and major taxa identified and counted. man'’s rank correlation coefficienp) was used to determine any

In this study the methodology adopted was to identify meisignificant correlation between the univariate measures of the
faunal animals to major taxonomical groups: Foraminifera [onfgeiofaunal community (number of taxa, density, mean percentage
soft-bodied foraminiferans, as shelled individuals are not remowusfdthe most abundant taxa such as nematodes and copepods) and
by the Ludox method (Schwinghamer 1981)], Ciliata, Cnidarithe environmental variables over all stations and sampling periods.
Turbelaria, Nemertina, Gnathostomulida, Nematoda, Rotifera,

Gastrotricha, Annelida, Gastropoda, Bivalvia, Ostracoda, Harpac-

ticoida, Copepoda, Amphipoda, Diptera larvae, Bryozoa, HoloResults

uroidea and Ascidiacea. The highly labour-intensive methods o?

identifying meiofauna to species level not only require a great d aé tic dat

of time and expertise, but may be too sensitive (Gee et al. 199 Lotic data

the natural fluctuations in meiofaunal species density and distribﬁé . .
tion can mask the larger impacts of unnatural events (Warwick ahae environmental data (Table 1) showed large varia-
Clarke 1993). Furthermore, experiments analysing successiviédns; however, some distinct temporal and spatial trends

Bata analysis
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Fig. 2 Seasonal variation in FORAMINIFERA 160 ]
density of major meiobenthic
taxa at sampling stations in
Gialova lagoon. Values shown
are mean number of individuals
per 10 crd + SE. Combined
group Other contains cnidari-
ans, nemertines, rotifers,
amphipods, dipteran larvae,
bryozoans, holothuroids,
ascidians and unknowns
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were seen. The variables showing the clearest tempéi@lnal data

trends were temperature, redox potential at all depths, sa-

linity (increasing, as would be expected, in summer aAdotal of 21 major taxa, composed of over 180000 indi-
autumn), dissolved oxygen (lowest in the summer), aviduals, were identified from Gialova lagoon during the
nutrients (ammonia, nitrate and nitrite) which all reachéaur sampling periods over summer 1995 to spring 1996.
a maximum in the spring. Spatial trends could be seenTdre collected meiofauna was largely composed of nema-
sediment particulate organic carbon, chloroplayland todes and copepods (Fig. 2) and nematodes dominated
phaeopigments, which had a tendency to be much higakout half the collected 28 samples. Mean number of
in stations C, D, E, F and G than A and B. A gradietaxa, density of all meiobenthic taxa and mean percent-
similar to this could be seen in the silt-clay distributioage of the most abundant taxa (nematodes and copepods)
with C, E, F and G having the highest percentage fédr all the sampling sites over the sampling period from
lowed by D, with A and B consistently the lowest. Gialova lagoon are presented in Table 2.
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Table 2 Mean number of taxa,

density (mean number of indi- Station Mean no. Mean no. Mean % Mean %
viduals per 10 c@) of all meio- of taxa of individuals nematodes copepods
benthic taxa, and mean percent- per 10 crd per 10 crd per core
age of most abundant taxa
(nematodes and copepods) for Summer A 14 1421 63.7 13.9
all sampling sites over the sam- B 11 2488 64.8 4.9
pling period from Gialova la- c 10 1231 57.3 18.3
goon D 13 37 18.1 12.7
E 13 119 30.3 31.1
F 9 610 4.3 13.2
G 11 37 27.0 17.3
Autumn A 9 647 93.9 2.5
B 9 1003 86.5 3.1
C 11 250 59.9 22.7
D 8 275 48.0 13.8
E 10 403 23.4 545
F 7 225 4.0 37.3
G 10 177 12.2 76.3
Winter A 13 2403 84.4 10.3
B 10 1101 89.7 8.0
C 7 255 80.6 8.3
D 8 17 22.8 11.2
E 10 165 384 43.4
F 7 47 14.6 13.3
G 10 83 27.6 48.6
Spring A 14 748 82.0 10.5
B 12 958 83.0 5.8
C 10 379 74.3 11.2
D 14 332 55.5 7.4
E 10 133 28.2 15.2
F 12 103 141 7.8
G 12 85 23.6 23.6

Strong peaks could be seen in summer 1995 for fovalues in stations A and B over all sampling periods was
miniferans, ciliates, soft-bodied groups (turbelariansignificantly different from the one in stations D, E, F
gnathostomulids, gastrotrichs), nematodes and annelidsl G; station C had also significantly different density
(Fig. 2). Ostracods and to a certain extent copepaddues from stations A, D, E, F and G but rather was
reached peak concentration in autumn 1995. Winter 139&ilar to station B (Table 3, B). Based on these results,
and spring 1996 were the periods of increased densitles seven stations of the lagoon could be divided into
in the combined taxa group ‘other’ (composed of cnidavo distinct groups: the first group comprises stations A
rians, nemertines, rotifers, amphipods, dipteran larvaed B (to which station C can be attached), and the sec-
bryozoans, holothuroids, ascidians and unknowns). Stad comprises stations D, E, F and G. A similar group-
tions A and B consistently had higher numbers of forag comes from the comparison of the distribution of the
miniferans, nematodes, annelids, and to some extpaicentages of nematodes in the stations over all sam-
molluscs (gastropods and bivalves) than the remainiplgng periods, but the results from the distribution of the

stations (Fig. 2). percentages of the copepods give a more complicated
picture.

Cluster analysis using means for all stations over the

Structural analysis four seasons produced the same pattern, clearly grouping

stations A and B together across all seasons (Fig. 3).
Temporal and spatial trends in the univariate measure§wb clear groups emerged from all seasonal clusterings,
the meiofaunal community could be observed in Gialogaouping stations next to the marine channel opening
lagoon (Table 3). The distribution of taxa in the statioffstations A and B), and the rest in the main body of the
during the autumnal sampling was found to be signifagoon (C, D, E, F and G). The MDS plot (not shown)
cantly different from the one during the summer samave a high stress value (0.18), indicating that this two-
pling, indicating a drop in the number of taxa in certagimensional plot was not of much value.
stations from summer to autumn and a subsequent ris&he clustering was repeated on seasonally separated
from winter to spring sampling (Table 3, A). Significangroupings and compared to seasonal ordination plots
spatial differences were found for three univariate meaith the lowest stress (all less than 0.02) (Fig. 4); a level
sures: density, percentage of nematodes and percentdgé)—75% was selected as a cutoff point for groups. In
of copepods (Table 3, B-D). The distribution of densithe summer sample the groups subdivided further into
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Table 3 Temporal and spatial trends in univariate measures of 1’
meiofaunal community in Gialova lagoon. Significant difference
(Mann-Whitney test) foundA between seasons for mean numbe
of taxa;B between stations for density (mean number of individ
als per 10 c@) of all meiobenthic taxaC between stations for
mean percentage of nematodBshetween stations for mean per-
centage of copepodsd No significant differences; P<0.05

STATION
SEASON

=]
z
S
g
3

Q

summer

E winter
A Summer Autumn Winter Spring c winter
D
AUtumn * F winter
Winter  nd nd G winter
1 * *
Spring  nd F spring
E spring
G sprin;
B Station . r
Station A B C D E F G . aucumn
B nd ¢ st
C * nd L
D * * nd C summer
E * * nd nd IC) aut.umn
E . Mond %j P
G * * * nd nd (o} spring
B winter
C Station a summer
Station A B c D E F G A e
B autumn
B nd ;: :::::
C nd nd [ : : : : :
D * * * 50 60 70 80 9% 100
E * * * nd
F * * * * nd BRAY-CURTIS SIMILARITY
G * * * nd nd nd . L .
B Fig. 3 Similarity dendrogram of all sites over the year (mean
meiofaunal densities)
D Station
Station A B C D E F G Wwhen they were replaced by nematodes, copepods, ostra-
cods, dipteran larvae and ciliates (in order of impor-
E “g . tance). These groups accounted for 71.99% (summer),
D rr]'d N nd 86.32% (autumn), 76.90% (winter) and 68.90% (spring)
E * * * * of the observed dissimilarities.
F nd * * nd nd The results of the BIO-ENV analysis are summarised
G * * nd * nd nd in Table 4. Some of the environmental factors were high-

ly correlated; for these the BIO-ENV was run twice, us-
ing all correlated variables, and using only one correlat-
three groups, the first formed by stations A, B and C, thd variable. However, in all cases the presence of only
second by stations D, E and G, and the third group comne of the correlated variables did not alter the output.
posed of F coming off at a lower similarity level. For thEor completeness, all the variables are shown and corre-
autumn sample only two groups could be distinguishddtions indicated in Table 4. Harmonic Spearman’s coef-
those near the marine channel (A and B) and the rdisient values were found to be close to 0.8 in all sam-
Similar to the autumn sample, only two groups wepding periods, thus indicating strong relationships be-
clearly formed in the winter. For the spring samplingween multivariate meiofaunal distribution pattern and
three distinct groups were produced, clustering statiche measured environmental variables. The combination
A and B together, C and D and the final group whidf variables which give rise to the largest rank correla-
contained stations E, F and G. All groupings were sufen between the meiofauna and the environmental vari-
ported by Anosim tests with significance level of lesshles in the summer sample were redox potential, dis-
than 5% (Clarke 1993) (not shown here). tance to the channel, salinity, and concentration of am-
Five taxa accounted for most of the dissimilarities beonia, nitrate and phosphate. Chloroptgllphaeopig-
tween the stations over most of the seasons; these weeats, distance to the channel and silicate concentration
in order of importance: nematodes, copepods, ciliatasgre important for the autumn sample. Many environ-
turbellarians and ostracods, apart from the autumn penndntal factors gave high values for the winter sample



Fig. 4a Seasonal Bray-Curtis
similarity dendrograms of sta-
tions. p) Seasonal multidimen-
sional scalingiID$S) ordina-
tion plots of stations. (Cluster-
ing groups superimposed upon
ordinations)
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(organic carbon, chlorophyd, phaeopigments, silt-clayother lagoons (Phillips and Fleeger 1985; Escaravage and
percentage, distance to the channel, salinity and silica@stel 1989; Castel et al. 1990) and estuarine habitats
and for the spring sample relationships for meiofauni&lasserre et al. 1976; Coull 1985; Gourbault and Renaud-
density were found between redox potential, organic csernant 1990). Nematodes were the most abundant taxa
bon, distance to the channel, salinity and silicate.

Discussion

in stations close to the marine channel (A and B), ranging
between 60 and 90% of the identified meiofauna; the re-
maining inner stations (C, D, E, F and G) contained fewer
nematodes but higher numbers of copepods, with the latter
usually being the dominating taxa in these stations (range

Stations in Gialova lagoon supported a maximum of 18-70%).

meiofaunal taxa with densities ranging from 17 to 2488 The distribution and density of most of the meiofau-
individuals per 10 c/ The meiofaunal densities encounpal taxa encountered in the Gialova lagoon varied both
tered in Gialova lagoon were within ranges reported fraaaross the lagoon and over the four sampling periods, but
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Table 4 Summary of results from BIO-ENV analysis. EnvironmentaloxOredox potential at 0 cnRedox2edox potential at 2 cnRedox4
factors showing the highest correlations between meiofaunal distritledox potential at 4 cn8alsalinity; s-c%silt-clay %. Variables with

tions, for the complete year and

four seas@id-a chlorophyll a;

correlations of over 0.80 (Pearson’s correlation coefficient) are as fol-

Dist distance to marine channeidmean diameter of sediment partilows: Redox0 and Redox2, Redox2 and Redox 4, md and s-c%, dis-

cles; POC particulate organic carbofhaeop.phaeopigmentsike-

solved oxygen and pH, nitrate and nitrite, and phosphate and silicate

Mean abundance of all seasons
1

2
3
4
5

Mean summer abundance
1

~N o o b~ w N

Mean autumn abundance

[Eny

a b~ W N

ean winter abundance

M
1
2
3
4
5
6
7
8

Mean spring abundance

a A W N

Chl-a

(0.352)

Chl-a, Dist

(0.502)

Chl-a, Dist, SIQ

(0.533)

Chl-a, Phaeop, Dist, SiQ
(0.559)

Chl-a, Phaeop, s-c%, Dist, SiO
(0.528)

SiO,

(0.607)

Redox0, SiQ

(0.703)

Sal, NH, PO,

(0.7212)

Sal, NH, NO,, PO,

(0.718)

Dist, Sal, NH, NO,, PG,

(0.743)

Redox0, Dist, Sal, NH, NO;, PO,
(0.749)

Redox0, Dist, Sal, NH NO,, NO;, PO,
(0.738)

Dist

(0.634)

Phaeop, Dist

(0.650)

Phaeop, Dist, Sip

(0.692)

Chl-a, Phaeop, Dist, SiQ
(0.722)

Chl-a, Phaeop, s-c%Dist, SiO
(0.663)

Chl-a

(0.567)

Chl-a, Dist

(0.739)

POC, Chl-a, Dist

(0.828)

POC, Chl-a, Sal, Sip

(0.840)

POC, Chl-a, Phaeop, Sal, SiO

(0.835)

POC, Chl-a, Phaeop, Dist, Sal, $iO
(0.848)

POC, Chl-a, Phaeops-c%, Dist, Sal, SiQ
(0.858)

POC, Chl-a, Phaeop, md, s-c%, Dist, Sal,,SiO
(0.792)

Sal

(0.747)

Redox4, NQ

(0.809)

Redox2, Dist, NQ

(0.840)

Redox2, Dist, Sal, NQ
(0.846)

Redox4, POC, Dist, Sal, NQ
(0.846)

Phaeop

(0.332)

Phaeop, Dist

(0.445)

Chl-a, Phaeop, Dist

(0.513)

Chl-a, s-c%, Dist, Si®)
(0.469)

Chl-a, Phaeop, md, Dist, SjO
(0.465)

Dist

(0.564)

Redox0, Dist

(0.640)

Redox0, Sal, P9

(0.694)

Dist, Sal, NQ, SiO,

(0.717)

Dist, Sal, NH, NO;, PO,

(0.731)

Redox0, Dist, Sal, N NO,, NO;, PG,
(0.740)

Redox0, Dist, Sal, NiF NO,, NO;, PO,
(0.714)

Chl-a, Dist
(0.615)
Chl-a, Dist, SiQ
(0.685)
Phaeop, Dist, Sal, RO
(0.674)
Chl-a, Phaeop, Dist, Sal, SjO
(0.650)

Chl-a
(0.523)
POC, Phaeop
(0.607)
Phaeop, md, Dist
(0.783)
POC, Chl-a, Phaeop, Dist
(0.823)
Chl-a, Phaeop, s-c%, Sal, SiO
(0.831)
POC, Chl-a, Phaeop,s-c%, Sal, $iO
(0.814)
POC, Chl-a, Phaeop, md, Dist, Sal, $iO
(0.825)
POC, Chl-a, Phaeop, md, Dist, Sal, /0,
(0.786)

NG,

(0.677)

Sal, NG

(0.796)

Redox2, Sal, N@

(0.832)

POC, Dist, Sal, N@

(0.825)

Redox2, Redox4, Dist, Sal, NO
(0.839)
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the real fluctuations occurred as a spatial factor. Thispling seasons though there is an increase in the number
further supported by the finding that the distance froofi taxa which is more significant during the spring sam-
the canal opening was negatively correlated with tpéng.
density of all meiobenthic organisms (Spearman’s Of the many environmental variables shown to be
p=—0.71, P<<0.01) as well as with the percentage taghly correlated with the temporal and spatial distribu-
nematodesp=—0.9, P<<0.01) over all sampling periodgion of meiofauna in Gialova lagoon, some seem more
Conversely, the percentage of copepods was positivegtermining than others. Salinity (and its relationship
correlated with the distance from the chanmet((56, to temperature) has been considered to be the main en-
P<<0.01). Taking into account the results of the uni- amolonmental structuring factor in lagoonal habitats
multivariate analyses, two strong divisions can be distifBarnes 1980; Coull 1985; Santos et al. 1996). This is
guished across the lagoon: a first narrow zone whichsigoported here as the distributional pattern of the meio-
defined by the area into which the channel opens (nfiaunal community, in three of the four seasons over the
rine-influenced) and represented by stations A and €gmpling period (summer, winter, spring), could be re-
and a second zone in the most isolated and ‘lagoonal’lated to a change in salinity from the buffered marine
ea of Gialova, typically formed from stations D, E and @one to the hyperhaline zone of the central lagoon. Dis-
(station F is clustered within this group in most of thance from the sea appears in all seasons to be a promi-
sampling seasons). This gradient from marine-influenceent factor in explaining the gradients of the meiofau-
to completely lagoonal has also been observed in thed community. The theory of ‘confinement’, which is
lagoon for macrofauna (Koutsoubas et al. 1997b) arelated to the rate of exchanges with the open sea and
has been reported in other Mediterranean lagodhs hydrodynamic pattern of the basin (Guelorget and
(Nicolaidou et al. 1988; Guelorget and Perthuisot 199Rerthuisot 1983), has been successfully applied to lag-
Lardicci et al. 1997). Station C was within the first grouponal ecosystems for the explanation of the structure of
during the summer sampling and within the secobdth the macro- (Nicolaidou et al. 1988; Guelorget and
group during autumn and winter sampling. During tHeerthuisot 1992; Koutsoubas et al. 1997b) and meiofau-
spring sampling station, station C was clustered along (Castel et al. 1990; Guelorget et al. 1994), and
with station D, forming a third group, which could beeems to account also for meiofaunal community struc-
considered as a transitional zone between the first anck in Gialova lagoon.
the second zone. Similar results have also been observeHood, both in its raw nutrient forms (ammonia, ni-
for the macrofauna (Koutsoubas et al. 1997b), althougiate, phosphate) and as organic material and micro-
in that study the transitional zone is apparent duripgytobenthos, was found to play an important role in
summer. meiofaunal distribution in Gialova lagoon throughout the
The dominant taxa responsible for the station growear. Research has shown that nutrient limitation in la-
ings are those meiofaunal groups typically found in largeons is a complex matter; in particular nitrogen limita-
numbers in many marine environments, namely nentien is important (Nixon 1982; Taylor et al. 1995). Dur-
todes, copepods, ciliates, ostracods and soft-bodied @mj-the summer and spring, raw nutrients are more im-
mals. Together these taxa account for some 80% of fplogtant in Gialova, reflecting the growth stage of meio-
observed dissimilarities between the stations. They f@anal food (bacteria, microphytoplankton) and perhaps
this largely through variation in the numbers found iimiting distribution and density. In autumn and winter,
each of the stations. Stations can again be zoned oncthreelations were found with photosynthetic pigments
basis of how many individuals of each of these taxa thayd organic matter, indicating a strong influence of algae
contain; zone 1 is dominated by nematodes (betweeno®3 meiofaunal feeding resources which Giere (1993)
and 89% of the individuals collected), while the copepuggests could have particular importance for microal-
odes were fewer (2—13.9% of the individuals collectedjal-based ciliates, nematodes and copepods. It is likely
zone 2 was composed of similar numbers of nematodest the distribution of meiofauna in Gialova lagoon is
and copepods (ranging from 2 to 50% and 7 to 50% related to the high primary production, but patchiness
spectively). due to small-scale variability between adjacent areas of
In addition to the strong spatial dominance in taxhe sediment and seasonal blooms as found by Giere
distribution, patterns in distribution and density of mei@¢1993) in marine sediments should not be excluded.
fauna also change over the four sampling seasons. DurkLow oxygen levels and anoxic crises are typical of la-
ing the summer the lagoonal community is rich; thegwon waters. In particular, warm periods and the associ-
follows a drop in taxa number during the autumn whieled superdensity of organic matter in this highly eutro-
is possibly related to the ‘dystrophic crisis’ observed phic habitat often lead to ‘dystrophic crises’ (Barnes
this lagoon during the late summer and which led to é¥980; Guelorget and Perthuisot 1992). Redox potential
tensive mortality of macrofauna in large areas of the laas a significant factor during the summer and spring.
goon (Dounas and Koutsoubas 1996). However, mortaliewever, the measure of oxygen availability in the sedi-
ty of a similar extent was not observed for meiofaumaents may not be the best indicator of low oxygen, espe-
which are more capable of recovering from anox@ally in the autumn sampling when the entire body of
events than macrofauna, probably due to their rapid gére lagoon shows negative redox values; Nixon (1982)
eration time (Heip et al. 1988). In the subsequent sacofrelates high phosphate levels released in lagoon sedi-
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ments with anoxic conditions. Interestingly, phosphaB@rnes RSK (1980) Coastal lagoons. The natural history of a ne-

levels rose during summer and autumn, and BIO-ENV glected habitat. Cambridge studies in modern biology, 1. Cam-
’ bridge University Press, Cambridge

analysis |nd|cat§d phosphatg as a determining faptqr.égEhanan JB (1984) Sediment analysis. In: Holme NM, Mcintyre
the summer period, suggesting that oxygen was limiting AD (eds) Methods for the study of the marine benthos. Black-
distribution and density of lagoonal meiofauna. well, Oxford, pp 41-65

The results obtained from the BIO-ENV analysi§a3t9| J (1992) The meiofauna of coastal lagoon ecosystems and

; o ; their importance in the food web. Vie Milieu 42:125-135
showed that, unlike similar types of habitat, the type egstel J, Labourg PJ, Escaravage V, Auby |, Garcia ME (1989) In-

sediment was not found to exert an important role ON fjyence of sea-grass beds and oyster parks on the abundance
the meiofaunal community (Castel et al. 1990; Castel and biomass patterns of meio- and macrobenthos in tidal flats.
1992; Gourbault and Renaud-Mornant 1990). Spear- Estuarine Coast Shelf Sci 28:71-85

man’s tests showed a negative correlation between #fgte! J. Labourg PJ, Escaravage V, Thimel A (1990) Distribution
silt-clav percentage and the density of all meiobenthic quantitative du méio- et macrobenthos dans des lagunes mix-
y p g y ohalines: influence du confinement sur le partage des res-

organisms $=-0.51, P<<0.01) and between the same sources. Oceanol Acta 13:349-359
variable and the percentage of nematodes—0Q.71, Ceccherelli VU, Cevidalli F (1981) Osservazioni preliminari sulla

P<<0.01). Additionally, the percentage of copepods bionomia dei popolamenti meiobentonici della Sacca di Scard-

was positively correlated with the silt-clay percentage ovari (Delta del Po), con particolare rlferlmenti) ai Nematodi
o ed ai Copepodi. Quad Lab Tecnol Pesca 3:265-281

(p=0.56, P<<0.01). The above indicate that althou@arke KR (1993) Non-parametric multivariate analysis of chang-

the type of sediment may be correlated with the density es in community structure. Aust J Zool 18:117-143
values, other environmental variables produce stroﬁérke KR, Ainsworth M (1993) A method of linking multivariate

; N fetrih community structure to environmental variables. Mar Ecol
gradients across the lagoon, limiting the distribution of Prog Ser 92:205-219

the individuals and determining the pattern of the meigrarke KR, Green RH (1988) Statistical design and analysis for a
benthic community. However, the biogenic processes ‘biological effects’ study. Mar Ecol Prog Ser 46:213-226

and microturbating factors may be underestimated ©qull BC (1985) The use of long-term biological data to generate

; i i ; testable hypotheses. Estuaries 8:84-92
analysing purely geological sedimentary dlﬁerenc_%soull BC (1988) Ecology of marine meiofauna. In: Higgins RP,

(Watling 1991)_; thus it is I_ikely that detritus, bacterid ™ iy (eds) Introduction to the study of meiofauna. Smith-
and water-sediment chemistry reflect more accurately sonian Institute Press, Washington, DC, pp 18-38

the sedimentary habitat of Gialova meiofauna. In payeunas C, Koutsoubas D (1996) Environmental impact assess-
ticular, the stable, flocculent organic sediments of la- meg of I‘(’" F%O”‘;]t".’“ ;“RNava“RAO. Bay a“fd;h‘? Gl'a'o"aG'-agoon
goons will be of more importance to the animals dwe|JTr (in Greek). Technical Report, Ministry of Agriculture, Greece

o - . scaravage V, Castel J (1989) Application de la notion de confine-
ing in them than the gross mineral particles commonly ment aux peuplements méiobenthiques des lagunes endiguées

tested by sediment analysis. du Bassin d’Arcachon (céte Atlantique). Acta (Ecol (Ecol Gen
Finally, plausible explanations for large-scale struc- 10:1-17

; ; ; ee JM, Austen M, DeSmet G, Ferraro T, McEvoy A, Moore S,
ture of the meiofaunal population of Gialova Iagooﬁ Van Gausbeki D, Vincx M, Warwick RM (1992) Soft sediment

lie in selections from each theory, ultimately controlled mejofaunal community responses to environmental pollution
by bottom-up abiotic factors (in particular distance gradients in the German Bight and at a drilling site off the
from the marine influence) with all their implications for_ Dutch CoastMar Ecol Prog Ser 91:289-302

r-selection, supported by the rapid generation time @fre © (1993) Meiobenthology: the microscopic fauna in aquatic
¢ . f | imals. H | sediments. Springer, Berlin Heidelberg New York
most meiofaunal animals. However, on a mesoscale, da,rhault N, Renauld-Mornant J (1990) Micro-meiofaunal com-

calised differences (illustrated by the large variation be- munity structure and nematode diversity in a lagoonal ecosys-
tween replicates) may reflect variety in the food density tem (Fangataufa, Eastern Tuamotu Archipelago). PSZNI Mar
of microhabitats causing competition and mutual excly- Ecol 11:173-189

. ; . R asshoff K, Ehrhardt M, Kremmling K (1983) Methods of sea-
sion, thereby shaping the population distribution. water analysis. Verlag Chemie, Berlin
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