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Abstract An attempt is made to compare the results of
different rapid biodiversity assessment techniques at the
pan-Mediterranean, sectorial and local levels. A uniform
multivariate pattern exists at the pan-Mediterranean and
national (sectorial) levels: lagoons can be different when
they host only a few species, but as species numbers
increase, lagoons become homogenous in composition.
Multivariate techniques cannot distinguish anthropo-
genically-impacted lagoons from those, which are nat-
urally disturbed. In the pan-Mediterranean context it is
the higher taxonomic levels, but in the national and local
context it is the most abundant macrobenthic groups
(polychaetes, molluscs and crustaceans) and meioben-
thos which provide patterns closest to that derived from
the species level. Taxonomic distinctness indices applied
to polychaete and mollusc inventories provide mean-
ingful results at most levels and scales of observation.
These indices seem to be robust enough to discriminate
anthropogenically impacted from naturally disturbed
lagoons.
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Introduction

Coastal lagoons are shallow soft-bottom systems which
experience frequent and unpredictable fluctuations in
their environmental variables, which often result in se-
vere alterations of the structure and distribution pattern
of organisms. It has been strongly argued that lagoonal
systems are different from estuaries, their brackish
counterparts of the paralic domain (Kjerfve 1994).

The concept of the paralic domain and its zonation
along the marine-freshwater axis was introduced by
Guelorget and Perthuisot (1983). It has been proposed
that six zones can be defined along this axis, each
hosting a particular combination of species which orig-
inate from three domains: marine, lagoonal or fresh-
water. According to this theory, confinement (referring
to the time of renewal of the components of marine
origin) is the factor controlling the organization of the
communities (Guelorget and Perthuisot 1992). However,
Barnes (1994) has argued that although the confinement
concept may be applicable to large and microtidal la-
goons, such as many of those occurring in the Medi-
terranean, it cannot nevertheless be used to describe the
community organization of the corresponding environ-
ments of the macrotidal European regions.

Over the last three decades, the scope of macrofaunal
research in the Mediterranean lagoonal environment has
been extended to include descriptive studies (e.g. Niko-
laidou et al. 1988; Gravina et al. 1989; Lardicci et al.
1997) and methods to assess levels of disturbance (Re-
izopoulou et al. 1996). Initial valuation of the Mediter-
ranean coastal lagoons for conservation and
management purposes has been based primarily on food
resources (local fishing and aquaculture) and on their
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use by visiting, over-wintering and migrating birds
(Barnes 1991). Not surprisingly, biodiversity has never
been used for this purpose.

The recent development of rapid biodiversity assess-
ment techniques, in response to various European and
international treaties and conventions, has provided the
scientific community with additional tools which can
assist the monitoring and valuation of lagoonal envi-
ronments. The most commonly used methodological
approaches include: (1) the taxonomic sufficiency per-
spective, i.e. multivariate techniques applied to higher-
than-species taxonomic levels (e.g. Warwick 1988;
Ferraro and Cole 1990, 1992, 1995; Warwick et al. 1990;
Somerfield and Clarke 1995; Olsgard et al. 1997); (2) the
taxonomic distinctness perspective, i.e. sample-size/sam-
ple-effort free biodiversity indices, which take into ac-
count not only the species richness information but also
the classification of species to higher categories along the
phylogenetic/taxonomic tree (Warwick and Clarke 1995,
1998, 2001; Clarke and Warwick 2001).

However, these techniques have only recently been
applied to the Mediterranean lagoonal ecosystem. In a
recent study, Arvanitidis et al. (2005) suggested that al-
though the application of these rapid biodiversity
assessment techniques has proved to be useful and effi-
cient at the pan-Mediterranean level, they should nev-
ertheless also be applied at lower levels and scales of
observation.

The objective of this study is to test whether these
rapid biodiversity assessment techniques, as a pre-
requisite for their wider application, have a stable re-
sponse when applied at the pan-Mediterranean,
sectorial and local levels of observation.

Methods

Data resources

Seven Greek lagoons, sampled on at least a seasonal
basis, have been considered in this study. The locations
of these lagoons and the total number of species of the
most abundant macrofaunal groups (polychaetes, mol-
luscs, crustaceans) they host, are given in Fig. 1. At the
local scale, macrofaunal data from the Gialova lagoon
were examined. Positions of the sampling stations and of
the surrounding environments of the lagoon are given in
Fig. 2. Information on species’ distribution in the Greek
lagoons are based on published studies by Reizopoulou
et al. (1996; Tsopeli and Vivari), Nikolaidou et al. (1998;
Messolonghi), Koutsoubas et al. (2000; Gialova) and
unpublished data (T. Kevrekidis, A. Mogias, personal
communication; Laki, Drana, Monolimni).

Sustainable fisheries and aquaculture activities are
carried out in most of the afore-mentioned lagoons.
Comprehensive analytical methodology applied to the
above Greek lagoons, including species richness, diver-
sity indices, multivariate analyses and graphical methods
(distribution of geometric abundance and geometric size
classes, ABC curves, etc.), have shown that all but one of
the above lagoons can be considered as naturally stres-
sed ecosystems, typical of Mediterranean lagoonal
environments (e.g. Reizopoulou et al. 1996; Nikolaidou
et al. 1998; Koutsoubas et al. 2000). However, Drana
lagoon is considered as severely impacted by anthropo-
genic activities associated with the occlusion of the for-
mer marine canal opening, which usually results in the

Fig. 1 Map of Greece,
indicating locations of the
lagoonal systems considered in
the present study. Numbers on
the top of columns indicate
number of species belonging to
the most abundant
macrobenthic groups
(polychaetes, molluscs and
crustaceans; with the exception
of Messolonghi lagoon, where
no valid information exists for
crustaceans)
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temporal reclamation of the lagoon (T. Kevrekidis, A.
Mogias, personal communication).

Three initial binary (presence/absence) matrices were
constructed, covering the distribution of all macrofaunal
species belonging to the most abundant groups (poly-
chaetes, molluscs, crustaceans) in the Greek lagoons,
and their distribution in the Gialova lagoon on both
spatial (stations) and temporal (seasons) scales. The
information included in these initial matrices was sub-
sequently aggregated into five taxonomic levels (from
genus to phylum). Three additional subsets of the initial
matrices, including information on the distribution of
each of the most abundant groups, were constructed and
used in subsequent analyses. An additional matrix con-
taining information on the spatio-temporal distribution
of the meiobenthic fauna in the Gialova lagoon
(McArthur et al. 2000) was also taken into account.

Mathematical analyses

Multivariate patterns of taxa distribution in the Greek
lagoons (national level) and in the Gialova lagoon (local
level) were derived by using the non-metric multidi-
mensional scaling technique (nMDS), as proposed by
Clarke and Warwick (1994). Similarity matrices were
obtained from the binary ones by using Sørensen’s
similarity coefficient (Legendre and Legendre 1998).
Goodness-of-fit of the resulting two-dimensional plots
was measured by applying Kruskal’s stress formula I
(Clarke and Green 1988). Multivariate patterns deriving
from different taxonomic levels and from the most
abundant groups were compared by means of the sec-
ond-stage MDS technique (Somerfield and Clarke 1995).

Macrofaunal biodiversity was assessed by means of
the recently developed sample-size, sample-effort free
indices of average and variation in taxonomic distinct-
ness (Warwick and Clarke 1998; Clarke and Warwick
2001). The indices were calculated from the inventories
of the benthic macrofauna (most abundant groups) and
from the species list of polychaetes, molluscs and crus-
taceans, both at national and local levels of observation.
Simulation funnels were constructed from random sub-
sets of species from the national species pool of the la-
goonal ecosystem, at all levels and scales of observation.
Monotonic relationships between the calculated taxo-
nomic distinctness indices were explored using Spear-
man’s rank correlation coefficient.

Results

National scale

Overall pattern

The grouping of Greek lagoons, based on their similarity
in faunal composition, is given in Fig. 3a. Three differ-
ent lagoonal groups can be recognized, showing a ‘‘fan-
shaped’’ arrangement on the MDS plot: The first group
includes lagoons from both the Ionian and Aegean Seas,
namely Tsopeli and Vivari lagoons, which are charac-
terized by low numbers of species (8–13 species). In the
second group, the coastal lagoons Messolonghi and
Gialova are included, with the highest number of species
(45–67); taking into account that there are no valid data
on the crustacean fauna of the Messolonghi lagoon, the
total number of macrofaunal species being present in

Fig. 2 Map of Gialova lagoon,
indicating the sampling stations
and the surrounding
environments
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this lagoon may be very close to the numbers found in
Gialova lagoon. The last group is formed exclusively by
lagoons located in the vicinity of the Evros river
(northern Aegean Sea), with low numbers of species (6–
16).

Aggregated information

Comparison of the patterns derived from the most
abundant groups and from higher taxonomic levels
(from genus to phylum) with the one derived from the
total macrofaunal species is shown in the second-stage
MDS plot (Fig. 3b). It is clearly depicted that similarity
patterns derived from the most abundant groups are
closer to the multivariate pattern pertinent to the total
lagoonal macrofauna, rather than to those derived
from the higher taxonomic levels. However, there is
one exception to this general pattern: the pattern de-
rived from the generic level is closer to the one based
on the species level (for the total macrofauna), than to

the one resulting from the crustaceans. Patterns based
on molluscs, polychaetes and genera are ranked as first,
second and third most closely related to the pattern
based on the total benthic species occurring in the
Greek lagoons.

Taxonomic distinctness

The simulated distribution funnels of the average taxo-
nomic distinctness (D+) and of the variation in taxo-
nomic distinctness (L+), with the calculated
corresponding values for the Greek lagoons, superim-
posed on the plots, are given in Fig. 4. Similar graphs
have been also produced for the most abundant groups.

Only Messolonghi lagoon has a lower than expected
D+ value in the funnel produced by the total macro-
benthic fauna, a fact which is attributed to the absence
of data on crustacean species (Fig. 4ai). Also, the D+

values of three Greek lagoons, Gialova, Vivari and
Drana, are borderline. None of the D+ values, calcu-
lated from the polychaete, mollusc and crustacean
inventories of the Greek lagoons, is located outside the
expected distribution. Although none of the lagoons has
a L+ value falling outside the expected distribution
when L+ is calculated for the total macrobenthic fauna,
Drana lagoon always has a lower than expected L+

value when L+ is calculated separately for the poly-
chaete, mollusc and crustacean species (Fig. 4b). Gial-
ova lagoon also produces a lower than expected L+

value for crustaceans.

Local scale

Spatial and temporal patterns

The overall spatial pattern derived from the macrofa-
unal (species) and meiofaunal (major categories) levels is
given in Fig. 5a, b. The gradient from the faunistically
richer stations located near the marine canal opening
(A, B) to the most isolated and impoverished stations
(E, F, G), is clearly reflected in the MDS plot (Fig. 5a).
Stations located between these two extremities (C, D)
also show an intermediate position in the plot.

A substantially different pattern is derived from the
meiobenthic data. Here (Fig. 5b), four groups of sta-
tions can be distinguished: the first and second groups
include both stations located near the canal opening and
in an intermediate location, while groups 3 and 4 are
represented by the most isolated stations F and G,
respectively. However, meiobenthos produces a pattern
almost identical to that derived from the macrobenthos
when calculations are based on density values
(McArthur et al. 2000).

Macrobenthos and meiobenthos are characterized by
convergent ordination plots on the seasonal scale. In
both plots (Fig. 5c, d) summer and spring are closely
related while winter and autumn are placed on opposite
sites of the plots.

Fig. 3 Mutlivariate pattern on the national level of observation.
a Non-metric multidimensional scaling plot, showing the groups of
Greek lagoonal systems; b second-stage ordination by MDS of
ranked intermatrix correlations; matrices include information on
species and higher taxonomic categories as well as information on
species of the most abundant groups (polychaetes, molluscs and
crustaceans)
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Aggregated information

A comparison of patterns derived from the meiobenthos,
the total macrobenthos, and the most abundant macro-
benthic groups is given in the second-stage MDS plots
(Fig. 6). On the spatial scale (Fig. 6a), patterns derived
from polychaete, mollusc and crustacean species and
frommeiobenthos are respectively ranked as first, second,
third and fourth, closely related to the pattern stemming
from the total macrobenthic species. Temporal patterns
derived from the meiobenthos and polychaete species
appear to be more closely related to the one derived from
the total macrobenthic species than to those stemming
from the crustacean and themollusc species lists (Fig. 6b).

Taxonomic distinctness

The distribution funnels of the average taxonomic dis-
tinctness (D+) and variation in taxonomic distinctness

(L+) as calculated from the simulation procedure, along
with the corresponding values calculated from the
macrobenthic species present in each station and season,
are given in Figs. 7 and 8, respectively. Graphs deriving
from the same simulation procedure have also been
produced for the most abundant groups.

There are no stations falling outside the expected
distribution where D+ is calculated from the total mac-
robenthos and polychaete species, while some stations
show D+ values located borderline or outside the funnel
if D+ is calculated from the mollusc and crustacean
species lists (Fig. 7a). Conversely, L+ values located
borderline or outside the funnels appear only in the cases
of total macrobenthos and polychaetes (Fig. 7b).

On the seasonal level, only spring falls outside the
expected ranges of D+ and L+ values (Fig. 8 ai, bi) if
these are calculated from the total macrobenthic species
list. In the remaining simulation funnels, derived from
the polychaete, mollusc and crustacean species lists

Fig. 4 The 95% probability
funnels for the average
taxonomic distinctness (a) and
for the variation in taxonomic
distinctness (b). Expected
averages are indicated by the
straight line in the middle of the
funnel. Funnels have been
constructed based both on the
entire macrofaunal inventory (i)
and on the polychaete, mollusc
and crustacean inventories
(ii–iv) of the Greek lagoons
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from the Gialova lagoon, all seasons are found to be
within the expected range.

Spearman’s rank correlation coefficient for sets of
calculated D+ and L+ values gave negative significant
results only when the calculation was based on the
polychaete inventory at the national (q=�0.96;
P<0.005) and local level as well as on the spatial scale
(q=�0.89; P<0.01). These results show that the taxo-
nomic distinctness indices are monotonically related in
the above cases, and thus should not be used simulta-
neously for biodiversity assessment purposes.

Discussion

A comparison of the lagoonal attributes at the pan-
Mediterranean, national and local level, as derived from
the application of rapid assessment techniques, is pro-
vided in Table 1. Results referring to the pan-Mediter-
ranean level are derived from Arvanitidis et al. (2005).
Although only the presence/absence of species has been
considered, certain meaningful conclusions can be
drawn.

Both at the pan-Mediterranean and national levels
there exists a uniform multivariate pattern: lagoonal
systems are distinct when the number of hosted species is
low; when this number is increased, however, homoge-
nization of the costal lagoonal macrobenthic fauna
emerges as the common pattern. This pattern has been
attributed to the relatively narrow species pool of the
Mediterranean lagoonal ecosystem, a fact which raises
the probability of species being shared in common by
lagoons with high species richness. However, multivari-
ate techniques based on species’ distribution matrices

Fig. 5 Multivariate pattern at
the local level of observation.
a, bMDS plots, showing groups
of stations in the Gialova
lagoon (spatial scale) as derived
from the macrobenthic and
meiobenthic data; c, d MDS
plots, showing groups of
seasons in the Gialova lagoon
(temporal scale) as derived from
the macrobenthic and
meiobenthic data

Fig. 6 Multivariate pattern at the local level of observation
(Gialova lagoon). a Second-stage MDS plots of ranked intermatrix
correlations on the spatial scale; matrices include information on
species from the most abundant groups (polychaetes, molluscs and
crustaceans), as well as information on macro- and meiobenthos
(higher categories); b as above, but on the temporal (seasonal) scale
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cannot distinguish anthropogenically-impacted lagoons
from those naturally stressed, neither at the pan-Medi-
terranean nor at the national level.

Different patterns, however, occur at the local level.
On the spatial scale, the well-known marine–freshwater
gradient is observed (e.g. Guelorget and Perthuisot
1992), while on the temporal scale the aforementioned
pattern reappears: seasons with low numbers of species
tend to be distinct from each other, while those with
higher numbers of species show a rather homogenous
faunal composition.

Multivariate patterns derived from aggregated
information reveal that there is an inverse pattern when
one moves from the pan-Mediterranean to the national
and local levels of observation: at the pan-Mediterra-

nean level, higher taxonomic groups (genus to family)
tend to provide patterns close to that derived from the
species level, while at the national and local levels the
most abundant macrofaunal groups and meiobenthos
tend to replace higher taxonomic categories in this re-
spect. Polychaetes and molluscs provide patterns most
closely related to the one derived from the species level,
while meiobenthos comes first in order only on a tem-
poral scale at the local level. Both of the above macro-
faunal groups, as well as the meiobenthos, include the
majority of the trophic groups, and are hence most
closely related to the functional diversity of the lagoonal
environment (Arvanitidis et al. 1999; Koutsoubas et al.
2000; McArthur et al. 2000; Cognetti and Maltagliati
2000). Unfortunately, there are no corresponding results

Fig. 7 The 95% probability
funnels for the average
taxonomic distinctness (a) and
for the variation in taxonomic
distinctness (b). Expected
averages are indicated by the
straight line in the middle of the
funnel. Funnels have been
constructed based both on the
entire macrofaunal inventory (i)
and on the polychaete, mollusc
and crustacean inventories
(ii–iv) of the Gialova lagoon
(spatial scale). Letters (A–G) in
the plots indicate sampling
stations in the Gialova lagoon
(as in Fig. 2)
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derived from the performance of this technique on the
coastal soft-bottom communities and comparing the
higher taxonomic levels to the most abundant macro-
benthic groups in other parts of the world (e.g. Warwick
et al. 1990; Ferraro and Cole 1992, 1995).

Both taxonomic distinctness indices show that
polychaetes and molluscs are the macrofaunal groups
giving the most meaningful results on most levels and
scales of observation, with two exceptions: (1) at the
pan-Mediterranean level, only crustaceans may give
meaningful results when average taxonomic distinctness
is calculated; and (2) on the spatial scale at the local
level, the macrobenthos comes first in order, being
followed by polychaetes if the average taxonomic

distinctness is calculated, and by molluscs if the vari-
ation in taxonomic distinctness index is calculated. In
the remaining cases, at the national level, only the
severely impacted lagoon of Drana falls outside the
expected range when L+ is calculated from the poly-
chaete, mollusc and crustacean lagoonal inventories. At
the local level all seasons are located within the funnels,
when the taxonomic distinctness indices are calculated
for each of the most abundant groups, indicating very
little or no anthropogenic impact on the Gialova la-
goon, as concluded by Arvanitidis et al. (1999) and
Koutsoubas et al. (2000). The weakness of the perfor-
mance of these biodiversity indices on the total mac-
robenthic fauna, and the robustness of their application

Fig. 8 The 95% probability
funnels for the average
taxonomic distinctness (a) and
for the variation in taxonomic
distinctness (b). Expected
averages are indicated by the
straight line in the middle of the
funnel. Funnels have been
constructed based both on the
entire macrofaunal inventory (i)
and on the polychaete, mollusc
and crustacean inventories
(ii–iv) of the Gialova lagoon
(temporal scale)
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on the most abundant groups, have also been observed
at the pan-Mediterranean level by Arvanitidis et al.
(2005). This paradox has been attributed to the fact
that the degree to which the various taxa are under- or
over-represented throughout the taxonomic tree is
more pronounced in the cases of the most abundant
groups than in the case of the total macrobenthic
fauna. This explanation is further supported by the
findings of the present study at the national and local
levels. A similar situation, in which values of both
taxonomic distinctness indices were within the expected
range in the case of gastropod molluscs, but fell outside
the expected range in the case of the total shelled
molluscan fauna (gastropods and bivalves), was ob-
served in the thanatocoenoses of the sandflats of the
Isles of Scilly (Warwick and Light 2001).

In conclusion, the application of the previously dis-
cussed rapid biodiversity assessment techniques appears
to provide meaningful and comparable, if not conver-
gent, results at the pan-Mediterranean, national and
local levels. However, their application should be used
with caution in the lagoonal systems located in other
areas of the Mediterranean, in which they have not been
tested at the sectorial and local levels.
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