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ABSTRACT. — Anthropogenic pressure on marine ecosystems is affecting water quality and
seafloor integrity. Mediterranean seagrass meadows of endemic Posidonia oceanica (Linnaeus)
Delile are considered a priority habitat under the European Directive 92/43/CEE, given their
ecological and economic importance and being an environmental quality indicator. Availability
of historical data on three P. oceanica meadows along the Ligurian coast (NW Mediterranean
Sea) allowed assessing change in the meadow status over time. A number of indicators and eco-
logical indices at different levels of ecological complexity, including the multimetric PREI
(Posidonia Rapid Easy Index) adopted by the environmental agencies, were employed and com-
pared. This paper aims at a) defining the health status of the P. oceanica meadows and measur-
ing their changes through time collating available historical information; b) evaluating the dis-
criminating power of the different indices and assessing their consistency with each other. The
different indices adopted revealed little consistency thus suggesting that no single index can
define the health status of P. oceanica meadows; as a consequence the use of an indices set is
highly recommended to monitor meadow evolution over time.

INTRODUCTION

Biotic indices have long been used to assess the envi-
ronmental quality of fresh water and terrestrial ecosys-
tems (Cairns & Pratt 1993, Andreasen ef al. 2001). The
application of naturalistic information to elaborate biotic
indices in support of marine management is still under
development, while it is current practice on land (Bianchi
etal.2012). In the last decades, the use of indices to assess
marine environmental status in Europe has become fre-
quent, spurred by European directives. Indeed, EU rules
(see Directive Proposal 1999/C 343/01, Official Journal
of the European Communities 30/11/1999) emphasized
the importance of biological indicators to establish the
ecological quality of European seas and estuaries (Borja et
al.2000). The EU Water Framework Directive 2000/60/
EC (WFD) underlined the need for biotic indices, which
have been introduced in considerable number. More
recently, the EU Marine Strategy Framework Directive
2008/56/EC (MSFD), introduced the concept of “seafloor
integrity” to improve the assessment of ecological qual-
ity (Bianchi et al. 2012). Therefore, the use of seagrass
as biological indicators has become a common practice to
assess the environmental quality of coastal seas (Pergent
et al. 1995, Short & Wyllie-Echeverria 1996, Hemminga
& Duarte 2000).

Seagrass meadows are declining worldwide due to
natural and human-induced events (Short & Wyllie-
Echeverria 1996). The endemic Mediterranean seagrass

Posidonia oceanica (Linnaeus) Delile, 1813 is the most
important and abundant seagrass and it is considered a
priority habitat for both animals and plant communities,
covering different substrata from the sea level down to
40 m depth (Boudouresque ef al. 2006). There are many
ecosystem services provided by P. oceanica: it represents
an origin of food for many marine and shore organisms,
but also plays fundamental roles such as nursery areas for
fish and invertebrates and shoreline protection (Vassallo
et al. 2013). Thus, P. oceanica is mentioned in the Habi-
tat Directive 92/43/CEE and, since 1991, is included in
the Red List of the International Union for Conservation
of Nature (IUCN) as a threatened species of the Mediter-
ranean Sea (www.iucnredlist.org).

A general regression of P. oceanica meadows has been
recorded in the Ligurian Sea (Bianchi & Morri 2000).
In fact, it has been estimated that in the past century the
Ligurian P. oceanica meadows lost 50 % of their origi-
nal extent (Peirano & Bianchi 1997, Peirano et al. 2005,
Burgos-Juan et al. 2016). However, as a consequence of
conservation policies enforced in the last decades, the
regression of P. oceanica in the Ligurian Sea has possi-
bly ceased or at least slowed down (Burgos et al. 2017,
Bianchi et al. 2019) as in several places in the Mediter-
ranean Sea (De los Santos et al. 2019).

This paper aims at a) defining the health status of three
Ligurian P. oceanica meadows, using ecological indices
and descriptors that work at different levels of complexity
(i.e., individual, population, community, and seascape),
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and measuring their change through time collating all
available historical information; b) evaluating the dis-
criminating power of the different indices and assessing
their consistency with each other.

MATERIAL AND METHODS

Study area: This study was carried out in Liguria, an admin-
istrative region in NW Italy, whose coast border the central
and largest part of the Ligurian Sea. Three Posidonia oceanica
meadows were analyzed, located in Monterosso (MM), Prelo
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Fig. 1. — Map of the study area and location of the three mead-
ows investigated: Bergeggi (BE), Prelo (PR), and Monterosso
(MM).

Table I. — Data sources for the three Posidonia oceanica mead-
ows investigated.

Meadow Year References
Prelo 2002 Lasagna et al. 2006a, b
Prelo 2003 Lasagna et al. 2006a ,b
Prelo 2004 Lasagna et al. 2006a, b
Prelo 2005 Lasagna et al. 2006a, b
Prelo 2006 Lasagna et al. 2011
Prelo 2013 Bianchi et al. 2019
Prelo 2017 Rigo et al. 2019
Bergeggi 1987 Vetere et al. 1989
Bergeggi 1992 Sandulli et al.1994
Bergeggi 2004 Montefalcone et al. 2007
Bergeggi 2009 Montefalcone et al. 2010
Bergeggi 2012 Oprandi et al. 2014b
Bergeggi 2016 Bianchi et al. 2019
Monterosso 1991 Peirano et al. 1999
Monterosso 1992 Peirano et al. 1999
Monterosso 1994 Peirano et al. 2001
Monterosso 1996 Peirano et al. 2001
Monterosso 1997 Peirano et al. 2011
Monterosso 2002 Montefalcone et al. 2007
Monterosso 2008 Bianchi et al. 2019
Monterosso 2017 Bianchi et al. 2019

(PR), and Bergeggi (BE) (Fig. 1), where historical data collect-
ed along underwater transects were available since the 1980s
(Table I).

Field and laboratory activities: Historical data were com-
pared with data collected more recently (2016 and 2017). All
the historical and recent data considered in the analyses were
collected during summer season, along underwater depth
transects (Bianchi er al. 2004) located in the same area of previ-
ous studies (Table I). The sampling activity carried out along
each transect consisted in a visual estimation, every 10 m along
the marked line, of the percentage cover of the seafloor by liv-
ing P. oceanica, dead matte, sand, rock, and possible substitutes
(i.e., Cymodocea nodosa Ucria, 1870, Caulerpa taxifolia (M.
Vahl) C. Agardh, 1817, Caulerpa cylindracea Sonder, 1845
and Caulerpa prolifera (Forsskal) J. V. Lamouroux, 1809). The
meadow shoot density was measured at 15 m depth, as recom-
mended by ISPRA (Italian Higher Institute for Environmental
Protection and Research (www.isprambiente.gov .it/files/icram/
scheda-metodologia-posidonia-new.pdf). Altogether, 18 shoots
were sampled for laboratory analyses through plant phenology
(Giraud 1977) and lepidochronology. Further analyses were also
conducted on the associated epiphytic community: all the epi-
phytes were scratched from the leaves, then dried and weighed
to assess their biomass.

Ecological indices and descriptors assessment: Data obt-
ained from field and laboratory activities were used to define the
health status of the three P. oceanica meadows, through a set of
descriptors and ecological indices working at different ecologi-
cal complexity levels:

1) Leaf surface (cm? shoot™) at the individual level, to
describe the physiological status of the plant (Leoni et al. 2007);

2) Shoot density (shoots m~) and lower limit depth (m) at the
population level, to understand dynamics in the meadow struc-
ture (Pergent et al. 1995);

3) Epiphyte biomass (mgDW cm™) at the community level,
which provides rapid information on changes in the water qual-
ity (Giovannetti et al. 2010);

4) Conservation Index (CI), Phase Shift Index (PSI), and
Substitution Index (SI) at the seascape level, to evaluate chang-
es over time of the meadow composition (Moreno et al. 2001,
Montefalcone 2009);

5) Posidonia Rapid Easy Index (PREI, Gobert et al. 2009),
which integrates different metrics (shoot density, leaf surface,
epiphyte biomass, leaf biomass, and depth and type of the lower
limit) and thus encompasses multiple ecological levels.

The above listed indices and descriptors were calculated
also from historical data when information was available and
complete. Results obtained for each index were then classified
in five classes using the reference classifications of ecological
quality status (Gobert et al. 2009, Montefalcone 2009, UNEP/
MAP-RAC/SPA 2011-2015): bad, poor, moderate, good, and
high. Only for epiphyte biomass no classification is available.
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RESULTS
Meadows ecological quality and trend over time

At the individual level, analysis of the leaf surface
(Fig. 2) showed a worsening in the ecological status in all
the three meadows. The status of the Posidonia oceanica
meadow at Prelo changed from good to poor in the last
fifteen years. Also in Monterosso a decline in the meadow
ecological status from good to moderate occurred from
1991 to 2017. Regarding Bergeggi, data on leaf surface
was available only for two periods: the meadow showed a
moderate ecological status in 1992, a poor status in 2016.

At the population level (Fig. 3), all indices evidenced
stability or even improvement, of the ecological status.
Shoot density increased in Monterosso and Prelo mead-
ows, and the ecological status passed from moderate to
good in both meadows. Bergeggi maintained a moderate
status, notwithstanding a reduction in shoot density val-
ues over time. With regard to the lower limit depth, the
status remained poor over time in all the three meadows.

At the community level, epiphyte biomass showed a
decrease of its values in all meadows, notwithstanding
high temporal variability (Fig. 2).
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Fig. 2. — Trend over time of the indices at the individual (upper
panel) and community (lower panel) level in the three meadows
investigated. The y axis on the right side of the leaf surface
graph reports reference values of the UNEP/MAP-RAC/SPA
(2011-2015). Classification: B: bad, P: poor, M: moderate, G:
good, and H: high.
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Fig. 3. — Trend over time of the indices at the population level
(upper panel: shoot density; middle panel: lower limit depth)
and of the multimetric index PREI (lower panel) in the three
meadows investigated. The y axes on the right side of the shoot
density and the lower limit depth graphs report reference values
of the UNEP/MAP RAC/SPA (2011/2015) classification, whilst
that of PREI from Gobert et al. (2009). Classification: B: bad, P:
poor, M: moderate, G: good, and H: high.

At the seascape level, SI and PSI displayed highest
temporal variability (Fig. 4). According to CI, Prelo mead-
ow maintained a moderate ecological status, Monterosso
showed a slight improvement passing from good to high
status, whilst Bergeggi revealed a slight worsening of
its status passing from good to moderate. SI evidenced
a steady high ecological status in Prelo and Monterosso,
but showed a high variability through time in Bergeggi,
where it passed from high (1987), good (1992), and mod-
erate (2004), to return again to a high ecological status in
2016. PSI showed different situations in the three mead-
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Fig. 4. — Trend over time of the indices at the seascape level
(upper panel: CI; middle panel: SI; lower panel: PSI) in the three
meadows investigated. The y axes on the right side of the CI, SI,
and PSI report values of the classification by Montefalcone
(2009): B: bad, P: poor, M: moderate, G: good, and H: high.
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ows. A clear increase of its values was observed in Prelo,
which changed from poor to high status. The status of the
Bergeggi meadow dropped from high in 1987 to moder-
ate in 2004 and 2017 according to PSI. The Monterosso
meadow showed little variation in PSI values over time,
always remaining in a bad status.

The PREI (Fig. 3) showed little or no important change
in any of the three meadows. Monterosso ecological sta-
tus was always classified as good, Bergeggi as moderate,
whilst Prelo decreased from good to moderate with time.

Consistency among indices

A significant correlation was found between PREI
and leaf surface (p < 0.01, n = 13), between PSI and SI
(p <0.05,n = 11), and between leaf surface and epiphyte
biomass (p < 0.05,n=13) (Fig.5).

DISCUSSION AND CONCLUSIONS

Most of the indices adopted were consistent in display-
ing a worsening in the ecological status of the Bergeggi
meadow, even though the sampling area is today located
within the Marine Protected Area “Isola di Bergeggi”.
Only SI showed a recovery trend from 2009, thanks to the
reduction of the two substitutes Caulerpa cylindracea and
Cymodocea nodosa (Montefalcone et al. 2007, Oprandi
et al. 2014a, b). The Monterosso meadow showed differ-
ent situations according to the index taken into account.
All indices working at the individual and the community
levels displayed a worsening trend in the last thirty years.
The two indices at the population level, i.e., shoot den-
sity and lower limit depth, were discordant: the former
showed a recovery, the latter a steady trend. At seascape
level only CI vas consistent in showing an increase in the
ecological quality of this meadow, while PSI and SI did
not show any variations in the ecological status trough
the time. The Prelo meadow is affected by a high level
of anthropogenic pressures (Lasagna et al. 2011). Only
indices working at the individual levels showed consis-
tently a worsening in its ecological status during the last
fifteen years. On the contrary, the two indices working
at the population level and one at the seascape level (CI)
showed a steady condition, whilst SI and PSI increased
thanks to the reduction of substitutes.

Our results showed that it is not possible to define uni-
vocally a trend in the health status of the three P. ocea-
nica meadows investigated. The consistency among all
the indices was often low (Fig. 6), either considering the
same sampling period or among different sampling peri-
ods, making even more difficult to identify clear trends
over the last thirty years. Indices working at the individu-
al level and the community level often displayed a similar
behavior. These indices can be viewed as early warning
indicators (Giovannetti et al. 2010), responding quickly
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Fig. 6. — Graphical representation of trend over time of each
index applied in the three meadows investigated.

to disturbances and to environmental change, and thus
being good indicators in short time-scales. Longer times
are indeed necessary for descriptors and indices working
at the population and the seascape level to show change
in the meadow status. Shoot density and lower limit,
despite referring to the same ecological level (i.e., popu-
lation), did not show consistency, probably because the
shoot density reacts faster than the lower limit. It should
also need to consider that the bad lower limit status could
be charged to the climate change occurred in the 21
century that caused a shift in sea level (Bonacorsi et al.
2013). Despite the lower limit stability, it should be con-
sidered that its limit values, identified by the Mediterra-
nean classification (UNEP/MAP-RAC/SPA 2011-2015)
have been recently criticized. In particular they have been
considered not completely suitable for the Ligurian coast
(Bianchi & Peirano 1995, Oprandi et al. 2019) since here
P. oceanica meadows hardly exceed 30 m depth. This
results in a uniform bad status of the analyzed meadows.
Local variability in this descriptor could be hidden if the
classification at the Mediterranean spatial scale is used.
This notwithstanding, the slight increase in the lower
limit depth observed in Bergeggi and Monterosso may be
a positive signal of meadows recovery.

Shoot density was often consistent with CI. Some
authors recognized CI as an index working at population
level (Romero et al. 2007a), being based on the evalua-
tion of living P. oceanica cover along underwater depth
transects. It may happen that when the meadow shoots
density is high, divers record higher cover values by liv-
ing plants. Concerning the other seascape indices, i.e., SI
and PSI, they react to change only when substitutes are
established and a shift in the P. oceanica meadow has
occurred (Montefalcone 2009).

The multimetric PREI (Gobert ef al. 2009) always
showed a steady trend in all the three meadows, although
the single metrics showed changes over time. This result
can be due to different situations: i) all the composing
metrics display the similar steady behavior; ii) the metrics
are discordant, so that a change in each single metric can
be mutually counterbalanced by the other metrics in the
PREI algorithm, and this is what happened in Monterosso
and Prelo meadows; iii) when the majority of the metrics
are concordant, as it happened in the Bergeggi meadow,

a steady trend of PREI may result when the change is
limited. It can thus be concluded that PREI averages and
dampens the variability of the single metrics. Integrating
a number of metrics into a synthetic index is very use-
ful and effective for monitoring purposes, but it may
homogenize the meadow condition. This result pointed
out that PREI could not be appropriate, if used alone, to
evidence punctual changes in the meadow health. PREI
was also significantly correlated only with leaf surface,
being the leaf surface one of the metrics used to build this
index. Also PSI and SI were highly correlated, consider-
ing that PSI contains SI in its formula. Finally, correlation
between leaf surface and epiphyte biomass is reasonable
as the more the leaf grows the more the epiphytes have
space to colonize.

In conclusion, it must be pointed out the importance of
long time-series, which are usually very scarce, fragmen-
tary and inhomogeneous, since historical data were col-
lected under different kind of studies and sometimes also
with different methodologies. Comparison of data trough
time showed inconsistency among most indices, making
it difficult to identify a consistent dynamic of Ligurian
meadows over time. As a plethora of existing indices,
adopting a single index is not recommended to assess the
ecological status of P. oceanica meadows. All the indi-
ces investigated in this paper work at different ecological
levels, thus providing different information. This is why
many multimetric indices, such as the PosWare (Buia et
al. 2005, Silvestre et al. 2006), the PoMi (Romero et al.
2007a, b), the Valencian CS (Fernandez Torquemada et
al.2008), the BiPO (Lopez y Royo et al. 2010), and PREI
have been recently developed to address requirements
of the EU directives. However, our study evidenced that
using PREI alone would not have evidenced changes at
both spatial and temporal scales. For this reason, flank-
ing a multimetric index with other indices, such as for
instance the seascape indices here adopted, should be rec-
ommended to collect complementary information and to
better understand specific drivers of change in seagrass
ecosystem.
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