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Abstract: Maintaining and improving the aquatic ecosystems in the community is the aim of the
Water Framework Directive (WFD) 2000/60/EC. The WFD requires the water quality to be classified
into five categories. Lagoons are dynamic ecosystems. The fish communities inhabiting them are
highly affected by the environmental conditions prevailing both in the freshwater systems and in
the marine environment. The current paper presented the first effort to develop a fish-based index
(Lagoon Fish-based Index—LFI) for the assessment of the Mediterranean shallow lagoons, as almost
all indices produced to date refer to freshwater or estuarine systems. For the development and
calibration of the index, data were collected from nine lagoons situated in three estuarine systems in
the East Macedonia and Thrace regions. The development of the LFI was based on the principles
of the Indices of Biological Integrity (IBIs) that were primary used for the assessment of aquatic
ecosystems in the USA. A total number of 25 metrics were selected as potential metrics for the LFI.
These metrics describe attributes such as the abundance and composition of the fish fauna, the
feeding strategies of the species, and the presence of sentinel species. Finally, eight metrics were
included in the LFI.

Keywords: WFD; lagoon fish index; multimetric index; lagoons; northern Greece; Mediterranean region

1. Introduction

Lagoons are dynamic systems of high ecological value, as they not only play an
important role in nutrient recycling, but also serve as essential habitats for many aquatic
organisms, especially fish [1]. Many marine, estuarine, and freshwater fish species use
lagoons as foraging ground or as nesting and/or protection areas [2,3]. It is difficult to
assess the ecological status of coastal lagoons as they are often described as “naturally
stressed environments” [4]. This is the result of the continuous fluctuation in fresh and
marine water balance affecting various water parameters (pH, salinity, etc.) [5]. In general,
lagoons are eutrophic areas, due to the influx of nutrients from both the sea and the riverine
systems. Such eutrophic conditions are usually found in polluted waterbodies [6], although
they can be considered typical for these dynamic systems [1,6].

In the past, the water bodies’ quality assessment was exclusively associated with the
impact of water pollution on human welfare. However, the degradation of water ecosys-
tems does not always have direct human welfare implications, for example, landscape
alteration by agriculture and urbanization, water flow change by channel dredging, diver-
sion of freshwater for alternate uses, overharvesting biological resources, and nonpoint
sources proliferation [7]. Therefore, environmental indicators are useful tools for studying
and evaluating the ecological status of complex aquatic ecosystems, such as lagoons [8].

Maintaining and improving the aquatic ecosystems in the community is the aim of
the Water Framework Directive (WFD) 2000/60/EC [9]. The WFD requires the classifica-
tion of the ecological status of transitional ecosystems into five categories [10–12] in an
integrative way, using several biological components, such as phytoplankton, benthos,
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and nekton, in combination with physicochemical elements [13]. Biological indicators
are measurable parameters of the biotic communities, while, on the other hand, chemical
indicators are used for the qualitative and quantitative identification of chemical pollution.
Various authors [8,13–16] have pointed out the importance of biological indicators in the
assessment of aquatic environments. Today, there are numerous biotic multimetric indices,
which involve various biological quality elements, such as phytoplankton, macrophytes,
phytobenthos [17,18], benthic invertebrate fauna [19,20], fish [7,8,21], or a combination of
them [13]. In the case of the fish-based indices, most of them employ metrics concerning
species composition, abundance, and the occurrence of disturbance-sensitive species [22]
or even their trophic structure and diversity [21]. Various authors, such as Karr [23], Karr
et al. [13], Fausch et al. [24], Whitfield and Elliott [21], and Pérez-Domínguez et al. [22],
have highlighted the advantages of using fish as ecological indicators.

However, as lagoons represent dynamic ecosystems, the fish communities inhabiting
them are highly affected by the environmental conditions prevailing in both the freshwater
inflows and the coastal waters [1,22].

In order to develop an ecological index, the comparison of an impacted ecosystem
with one in pristine condition is fundamental. However, today, it is difficult to identify
such ecosystems, as all lagoons are impacted. Many authors [3,8,14,25] have employed the
so-called “data-driven” methodology in order to overcome this problem. This methodol-
ogy incorporates the use of a dataset from various ecosystems, including those that are
considered least impacted or in pristine condition. From this dataset, the “best” value for
each metric can be considered as a reference value and used for the calibration of the index.

This is one of the first efforts to develop a fish-based index for estimating the water
quality of the transitional systems in the Mediterranean, as almost all available indicators
refer to freshwater systems. An exception is the Habitat Fish Index (HFI) [3], which was
developed and calibrated to assess the ecological quality of Venice Lagoon based on a
habitat approach. Venice Lagoon covers an area of 550 km2 and includes a multiplicity of
shallow and deep habitats (average depth, 1 m), such as marshes, mudflats, sand flats, and
seagrass beds. On the contrary, Greek lagoons are shallow, covering very small areas [26]. It
is indicative that the total area covered by lagoons in Northern Greece is 115 km2, whereas
lagoons in Western Greece cover an area of 270 km2.

The aim of the present study was to present the development and calibration of a
fish-based index, based on the Mediterranean species fish fauna that could be employed for
the assessment of the Greek lagoons (Lagoon Fish-based Index (LFI)). For the development
of the LFI, data were collected from five lagoons situated in three estuarine systems in
the East Macedonia and Thrace Region. The LFI was later used to evaluate the ecological
quality of four additional lagoons situated in the same area, and their ecological quality
has already been assessed by other authors based on the condition of the macroalgae
condition [27–29].

2. Materials and Methods
2.1. Study Area

Samplings were conducted monthly between 2013 and 2016 in nine different lagoons
situated in the Region of East Macedonia and Thrace (Northern Greece) [26]. For the
development of the index, the sampling data from five of these lagoons, specifically,
Vassova and Keramoti lagoons in the River Nestos Delta, Monolimni and Drana lagoons in
the River Evros Delta, and the Ismarida estuarine system (Figure 1), were used. The data
collected from the other four lagoons, i.e., Agiasma lagoon in the River Nestos Delta, Ptelea
and Xirolimni/Fanari (hereafter referred to as Fanari lagoon) from the Thracian lagoons,
and Lafri from the Vistonis estuarine system, were used to test the developed index (see
below) [26]. These lagoons, as mentioned before, were already assessed with indices such
as CymoSkew, Ecological Evaluation Index—EEI, and CymoSkewm [27–29].
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Figure 1. Map of the East Macedonia and Thrace Region (A, B), where the studied lagoons are situated (1 = Vassova L.,
2 = Agiasma L., 3 = Keramoti L., 4 = Lafri L., 5 =Fanari/Xirolimni, 6 = Ptelea L., 7 = Ismarida system, 8 = Drana L., 9 =
Monolimni L.).

Vassova and Drana Lagoons, as well as the Ismarida estuarine system, are ecosystems
heavily impacted by human activities, as agriculture activities take place in the neighboring
areas. This has resulted in the increase in the organic and chemical load due to the
fertilizers and pesticides used. Vassova is located in an area with intense cultivations
(e.g., rice), close to a fertilizer production plant and a desulphurization plant, while heavy
earthworks have been performed within the lagoon to improve water circulation. Drana
Lagoon is situated in the River Evros Delta and was drained during the mid-1980s, as the
farmers believed that the brackish water was responsible for the low productivity of the
surrounding cultivations [30]. In 2004, the lagoon was re-flooded during a LIFE project, and
it has been in a recovery state ever since [30]. The Ismarida estuarine system represented
the last natural freshwater lake remaining in Thrace. Ismarida outflows in the Thracian Sea
through a natural channel that widened in the mid-1980s to facilitate the removal of flood
waters [31]. These interventions resulted in the transformation of the lake into a shallow
brackish system during the dry season, as marine water enters through the channel [31].

On the other hand, Monolimni Lagoon is also situated in the River Evros Delta and
used to be commercially exploited by the local Fishermen Cooperative, having fishing
installations in the entrance of the lagoon. However, the lagoon’s exploitation stopped
almost 20 years ago and, since then, no human intervention has been observed there [30].
Keramoti Lagoon is located in the River Nestos Delta and surrounds the Keramoti village
as it extends from the east side to the west of the village. Additionally, the main road
toward the village passes via a bridge over the lagoon. The construction of the bridge
affects the proper water movement inside the lagoon, forming a new pressure to the normal
function of the lagoon. The local Fishermen Cooperative is commercially exploiting it [26].
The urban and agricultural activities around the lagoon are the main sources of pressure
on each environmental condition of the lagoon.

For the trial test of the LFI, four lagoons were used, as mentioned before: the small
Agiasma Lagoon (area = 3.67 km2, average depth < 1 m) is one of the four lagoons forming
the lagoonal complex of the west part of the River Nestos Delta (which also includes
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Vassova, Keramoti, and Eratino [26]). This lagoon is commercially exploited by the local
Fishermen Cooperative and is mainly affected by the agricultural activities that have taken
place around it.

Lafri Lagoon is another small-scale lagoon of area 1.42 km2 and average depth 0.50 m,
situated on the East side of the River Nestos Delta. This lagoon is commercially exploited,
with some agricultural activity taking place in the nearby fields, but is fairly isolated from
other human activities (urban wastes) that might have an impact on it [26,32]. However,
Lafri is a lagoon that suffers from algal blooms caused mainly by toxic cyanobacteria
species of the genus Limnoraphis [33]. According to Orfanidis et al. [33], this is responsible
for the disruption of a lagoon’s natural functions, creating unfavorable conditions for fish.

Finally, Fanari (area = 1.76 km2) and Ptelea (area = 3.38 km2) lagoons are sited on the
east side of Lake Vistonida and are also commercially exploited. Fanari lagoon is situated
next to the Fanari Village affected directly (i.e., urban wastes) by it, in the same way as
Keramoti Lagoon [31]. On the other hand, Ptelea Lagoon is affected by the agricultural
activity that is conducted around the lagoon.

2.2. Data Collection

Samplings were performed in all lagoons during summer in the period 2013–2016.
Fish were collected using a 12 m × 1.2 m bag beach seine net (1.1 mm bar mesh size).
The sample collection took place in both seagrass-vegetated and -unvegetated areas to
verify that all fish species comprising the assemblage of each lagoon were recorded. The
samplings were conducted according to the methodology proposed by Franco et al. [3] and
Koutrakis et al. [31], i.e., three hauls of 30–50 m to cover an area of 250 m2 were performed
during daylight in each sampling station.

All captured fish were identified at the species level and released back into the lagoon.
In the case of taxonomic doubt, a sample of the unidentified specimen was kept and
preserved in 6% neutralized formalin solution and transferred to the laboratory of Fisheries
Research Institute, where it was identified. For each sampling, the total relative abundance
was determined, by calculating the catch per unit effort (CPUE) [34]. The unit of effort
for the bag seine was defined as the area swept by hauling the seine net [2,35,36] and was
converted to the number of fish per 100 m2.

For the development of the index, Fishbase and available studies were used to identify
the feeding strategies, habitats, and other necessary life history information for the recorded
species [37].

2.3. Metrics Selection

The development of the LFI was based on the principles of the Biotic Integrity Index
used by Karr [23] for the assessment of the health of freshwater ecosystems in the USA
based on the freshwater fish communities, but the selection of the final metrics was based
on the methodology presented by Sapounidis et al. [38]. A total of 25 metrics, derived
from already published and assessed indices [3,7,8,14,23,25,39–47], were selected based on
their responsiveness to various pressures (Table 1), as has been documented by previous
authors. These metrics described attributes such as the abundance and composition of the
fish fauna (16 metrics) and the feeding strategies of the species (nine (9) metrics), while
one metric was used to indicate the presence of a sentinel species (Table 1). The a priori
hypothesis that each metric has a specific response to a disturbance, i.e., the value of a
metric can increase or decrease, was accepted [3,38].
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Table 1. The 25 potential metric indicators that were tested during the development of the Fish-based River Integrity Index
and their predicted response to various stressors. All potential metrics were included in other indices [3,7,8,14,23,26,39–47].

Candidate Metrics Abbreviation Response to Environmental Stress

Fish fauna composition

1 Total number of species TotNSp ↓
2 Number of families Nfam ↓
3 Number of species comprising 90% of total individuals 90%TotInd ↓
4 Relative abundance of all species Rab ↓
5 H’ (Shannon–Wiener index) H’ind ↓
6 J’ (Pielou’s evenness) J’ind ↓
7 1-_λ’ (Simpson diversity index) 1-_λ’ ↓
8 Number of Resident species Nres ↓
9 Residents (% species) %ResSp ↓

10 Number of migrant species Nmig ↓
11 Migrants (% species) %MigrSp ↓
12 Number of Straggler species Nstr ↑
13 Stragglers (% species) %StrgSp ↑
14 Number of Benthic species (Soleidae, Gobiidae, etc.) NBenthSp ↓
15 (Pelagic+Benthopelagic)/Benthic ↑
16 Presence of Sentinel species SentSp ↓

Feeding strategies

17 Number of Omnivores NOmn ↑
18 Omnivores (% species) %OmnSp ↑
19 Number of Carnivores NCarn ↑
20 Carnivores (% species) %CarnSp ↑
21 Number of benthic feeders NBenth ↓
22 Benthic Feeders (% species) %BenthSp. ↓
23 Piscivores (% species) %PiscSp ↓
24 Dentrivores (% species) %DentrSp ↓
25 Number of Trophic guilds TrophGuil ↓

2.4. Development of Lagoon Fish-Based Index (LFI)

The WFD requires the estimation of the ecological quality/status of a water body as
the deviation from reference conditions, i.e., the pristine conditions that would prevail
under the absence of human interactions. Due to the inability to identify an undisturbed
lagoonal ecosystem, the reference conditions were recreated from a hypothetical site in
pristine condition, following the data-driven methodology [3,38,47].

The development of the index continuing with the identification of the metrics pre-
sented low responsiveness and high correlation [25,38,47–49]. This was performed by
applying first the Spearman Rank Correlation, followed by the application of the Variation
Inflation Factor (VIF), to identify which parameters inflated the overall datasets variation
due to collinearity, and these parameters were removed from the further analysis. A PCA
analysis was then performed, in order to exclude the metrics that failed to explain any
differences among the sampling stations. The remaining metrics were those included in
the Lagoon Fish-based Index.

The above-mentioned analyses were performed in R statistical and programming
environment (R version 4.0.3) using the “rcorr” function from the “hmisc” package that
generates the p statistic along with each correlation factor and the “vifstep” function
from the “faraway” package. PCA analysis was performed in Primer v.7.0.13 software
package [50].

The next step of the index development was to establish thresholds for each metric
and associating a score ranging from 1 to 5. The scoring was based on the deviation of
each metric’s value from the reference value established with the “data-driven methodol-
ogy” [3,36,50–52]. The thresholds were established using the interquartile range, taking
into account the deviation of each “reference value” from the median, and the maximum
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and minimum quartiles [53]. Depending on the deviation of each metric from the “reference
value”, a value of 1 (bad ecological quality), 3 (intermediate quality), or 5 (high ecological
quality), which corresponds to the hypothetical reference condition, was attributed to
each metric [3,8,25,38]. The distribution range of the ecological limits in each class were
determined based on the findings of Franco et al. [3] and adopted also by Sapounidis
et al. [38], who established a range for each class as follows: 15% for high/bad, 20% for
good/poor, and 30% for moderate condition. After the attribution of a value to each metric,
the sum of the scores across metrics provides the final value of the index.

In order to comply with the WFD, the final values of the LFI were transformed into the
Ecological Quality Ratio (EQR), with a value of 1 representing an excellent quality and 0 rep-
resenting a bad ecological quality. The EQR was obtained by using the Equation (1) [38,54]:

EQR = (LFIlagoon − LFImin)/(LFImax − LFImin) (1)

where LFImin is the minimum value that the index can obtain, when all the metrics score a
value of 1, and LFImax is the maximum value that the index can obtain (corresponding to
the hypothetical reference condition), when all the metrics score 5. LFIlagoon refers to the
value of the index for the studied site.

3. Results

In total, 40 species representing 22 different families were recorded during the sam-
plings in the nine lagoons (Table 2).

Table 2. The fish species recorded during the samplings conducted in the nine lagoons of East Macedonia and Thrace
Region in 2013–2016. The basic traits of each species, i.e., diet, life history, and the habitat they prefer (F = Freshwater, B =
Brackish, M = Marine), as they are depicted in www.fishbase.se (accessed on 10 February 2021), are also provided.

Family Species Trophic Guild Life Cycle
Category Habitat

1 Anguillidae Anguilla anguilla (Linnaeus, 1758) Carnivore Diadromous F, B, M
2 Argentinidae Argentina sphyraena (Linnaeus, 1758) Carnivore Straggler M
3 Atherinidae Atherina boyeri (Risso, 1810) Carnivore Resident B, M
4 Blenniidae Salaria pavo (Risso, 1810) Omnivore Resident B, M
5 Bothidae Arnoglossus thori (Kyle, 1913) Carnivore Straggler M
6 Callionymidae Callionymus risso (Lesueur, 1814) Carnivore Migrant M
7 Callionymus pusillus (Delaroche, 1809) Carnivore Migrant M
8 Clupeidae Sardina pilchardus (Walbaum, 1792) Carnivore Straggler M
9 Cyprinidae Carassius gibelio (Linnaeus, 1758) Omnivore Straggler F
10 Vimba melanops (Heckel, 1837) Omnivore Straggler F
11 Cyprinodontidae Aphanius faschiatus (Valenciennes, 1821) Omnivore Resident B
12 Gobiidae Zosterisessor ophiocephalus (Pallas, 1814) Carnivore Resident B
13 Engraulidae Engraulis engrasicholus (Linnaeus, 1758) Carnivore Straggler M
14 Gasterosteidae Gasterosteus aculeatus (Linnaeus, 1758) Carnivore Migrant F, B, M
15

Gobiidae

Gobius niger (Linnaeus, 1758) Carnivore Resident B, M
16 Knipowitschia caucasica (Berg, 1916) Carnivore Migrant F, B, M
17 Pomatoschistus marmoratus (Risso, 1810) Carnivore Resident F, B, M
18 Pomatoschistus microps (Krøyer, 1838) Carnivore Resident F, B, M
19 Thorogobius ephipiatus (Lowe, 1839) Carnivore Straggler M
20

Labridae
Symphodus cinereus (Bonnaterre, 1788) Carnivore Straggler M

21 Symphodus roissali (Risso, 1810) Carnivore Straggler M
22 Moronidae Dicentrarchus labrax (Linnaeus, 1758) Carnivore Migrant M, E
23

Mugilidae

Chelon labrosus (Risso, 1826) Omnivore Migrant M, E
24 Liza ramada (Risso, 1826) Omnivore Migrant M, E
25 Liza saliens (Risso, 1810) Omnivore Migrant M, E
26 Mugil cephalus (Linnaeus, 1758) Omnivore Migrant M, E
27 Mullidae Mullus barbatus (Linnaeus, 1758) Carnivore Straggler M

www.fishbase.se
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Table 2. Cont.

Family Species Trophic Guild Life Cycle
Category Habitat

28 Poeciliidae Gambusia holbrooki (Baird and Girard, 1853) Carnivore Introduced F, M
29 Scophthalmidae Scophthalmus rhombus (Linnaeus, 1758) Carnivore Straggler M
30

Soleidae
Microchirus variegatus (Donovan, 1808) Carnivore Migrant M

31 Solea solea (Linnaeus, 1758) Carnivore Migrant M
32

Sparidae

Dentex marocanus (Valenciennes, 1830) Carnivore Straggler M
33 Diplodus annularis (Linnaeus, 1758) Carnivore Migrant M
34 Diplodus sargus (Linnaeus, 1758) Omnivore Migrant M
35 Lithognathus mormyrus (Linnaeus, 1758) Carnivore Migrant M, E
36 Liza aurata (Risso, 1810) Omnivore Migrant M, E
37 Sparus aurata (Linnaeus, 1758) Carnivore Migrant M, E
38

Syngnathidae
Syngnathus abaster (Risso, 1826) Omnivore Migrant F, B, M

39 Syngnathus acus (Linnaeus, 1758) Omnivore Resident B, M
40 Syngnathus typhle (Linnaeus, 1758) Omnivore Resident F, B, M

3.1. Metrics Selection and Development

The Spearman Rank Correlation test excluded 13 metrics as high correlated metrics (r
> 0.95, p < 0.05). With the application of the VIF test, another 4 more metrics were excluded
from the short list of the metrics composing the LFI.

The remaining eight (8) metrics (NSp90, Rab, H’ind, Nres, Nmig, NStr, SentSp, and
NOmn) were tested with PCA analysis (Figure 2), which showed that four axes explained
the variation among the metrics at 85.09% with an eigenvalue of 1.09. All these eight
metrics were included in the Lagoon Fish-based Index (Table 3).
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Table 3. The thresholds obtained for each metric consisting of the multimetric index for the assessment of the water quality
of Greek lagoons (LFI), using the interquartile range and taking into consideration the deviation of each “reference value”
from the median, and the maximum and minimum quartiles.

Metric Abbreviation of the Metric 1 3 5

1 Total Number of Species consisting the 90%
of the total recorded NSp90 <2 2–4 >4

2 Relative Abundance Rab <77.6 77.6–
879.69 >879.69

3 Shannon-Wiener Index H’ind <0.60 0.60–1.33 >1.33
4 Number of Residents Nres <3 3–5 >5
5 Number of Migrants Nmig >3 3–5 <5
6 Number of Stragglers NStr <2 2–4 >4
7 Presence of Sensitive Species SentSp Absent Present
8 Number of Omnivores NOmn >4 2–4 <2

3.2. Defining Class Limits

The WFD requires the classification of water bodies in five categories depending on
their ecological status; thus, it is necessary to define the minimum and maximum limits for
each category. The values of the LFI range from a minimum value of 8, when all metrics
obtain a score of “1”, and a maximum value of 38, when all metrics gain a value of “5,”
except for the one corresponding to the Presence of Sensitive Species, which can only
assume a value of 1 (absence) or 3 (presence) (Table 4).

Table 4. The distribution range of LFI’s ecological limits in each class, according to Franco et al. [3]
and Sapounidis et al. [38]. The column “LFI” provides the ecological limits using the total scores of
the proposed index, while LFIEQR provides the limits among the classes after the transformation of
LFI scores to EQR based on the requirements of the WFD.

Class LFI LFIEQR

High ≥33.5–38 ≥0.85–1.00
Good ≥27.5–<33.5 ≥0.65–<0.85

Moderate ≥18.5–<27.5 0.35≥–<0.65
Poor ≥12.5–<18.5 ≥0.15–<0.35
Bad 8–<12.5 0–<0.15

3.3. Index Application

The results of the LFI assessing the ecological status of the five lagoons used for the
development of the index and for the assessment of four additional lagoons located in the
same region are shown in Table 5. The index categorized the lagoons as in “Moderate” or
in “Poor” quality, which agreed with the expert judgment. In comparison to the benthic
macrophyte species indices, the LFI was stricter considering the assessment of the ecological
quality of the lagoons. The most significant example is the assessment of Fanari lagoon,
categorized as “Poor” using the LFI, but scored “Good” in class categorization using
CymoSkew, and even “High” using EEI.
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Table 5. Implementation of the LFI in lagoons situated in Northern Greece (Region of East Macedonia and Thrace). Shown
in bold are the lagoons used for the development of the index. The results of the LFI are compared to expert judgment and
three other indices using benthic macrophytic species (CymoSkew/Ecological Evaluation Index EEI/CymoSkewm).

Lagoon LFI Expert Judgment CymoSkew [28] EEI [29] CymoSkewm [30]

Drana Moderate Moderate Good
Monolimni Good Moderate
Keramoti Poor Poor Moderate Poor
Ismarida Moderate Poor Poor
Vassova Moderate Poor Moderate
Agiasma Moderate Moderate Good Moderate

Ptelea Moderate Moderate Good
Xirolimni/Fanari Poor Moderate High Good

Lafri Moderate Moderate

4. Discussion

Transitional ecosystems and, specifically, the lagoons are some of the most variable
and, at the same time, highly productive ecosystems [55,56]. Their variability is the result of
freshwater and marine water interaction, forming dynamic systems suitable to sustain es-
sential habitats, nursery and feeding grounds for both marine and freshwater species [1–3].
As a result, the fisheries’ productivity in the lagoons is very high and, thus, such systems
are considered of high economic importance. However, the increased demand for fish
products led to their overexploitation, which, combined with the riverine water quality
deterioration, resulted in their degradation, habitats loss, and water quality deterioration.

The economic value of these areas and the implementation of the WFD have increased
the efforts to develop and apply a valid system to assess the water quality [9,57], which
will allow the stakeholders to implement management plans in order to improve their
status, according to the WFD requirements.

The Lagoon Fish-based Index (LFI) is one of the few multimetric indices for transitional
waters in the Mediterranean Region and the first index developed for the assessment of
the Greek lagoons’ water quality. The fact that this index is made of only 8 metrics makes
it more robust and user-friendly, compared to other more elaborate indices, such as the
Habitat Fish Index (HFI) [3], which has two sets of 14 metrics (one for marshes and one for
seagrass), or the Estuarine Multimetric Fish Index (EMFI) [47], with 14 metrics.

During the selection of the potential metrics, an effort was made to identify all met-
rics that could describe dynamic ecosystems, such as lagoons. That is the reason why
metrics describing the “fish fauna composition and abundance” (16 metrics), such as the
number of residents, and migrant and straggler species, were initially tested. The rest of
the candidate metrics were those describing the fish fauna composition in terms of their
feeding strategies [8]. In an ecosystem, there can be detritivores, herbivores, zooplankti-
vores, benthic invertebrate feeders, and piscivorous fish taxa [58], and any change in the
water’s quality may affect the various food sources and, as a result, the disturbance of
the equilibrium among various taxa [8]. As Karr [23], Oberdorff and Hughes [39], and
Delpech et al. [56] mentioned, the omnivorous species, being opportunistic, can feed on
all the available resources that can be found in an ecosystem, and thus manage to adapt
to the food availability shifts. Selleslagh et al. [59] and Selleslagh and Amara [60], using
trophic modeling, proved that increased anthropogenic pressure in an estuary results in
a high omnivory index, i.e., high opportunistic behavior. “Total number of species” and
“Relative abundance” are two of the most used metrics as the original index presented
by Karr [23] and are used for both freshwater and transitional water quality assessment
indices [3,13,41–43]. When undisturbed, a waterbody can sustain more fish species than
when it is degraded as the small tolerant species tend to dominate over the numerous
intolerant species.

Finally, the selection of metrics describing the composition of the fish fauna concern
the life cycle of the present species (i.e., resident, migrant, and straggler) as this is indicative
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of the availability of habitats for spawning, feeding, and nursery grounds [3,8,46]. Thus, the
resident and migrant species, being highly dependent on the lagoon system “health” and
the degradation of the ecosystem, will highly affect their number [3,8,46], as a degraded
ecosystem will not be able to sustain a balanced ichthyofauna [46].

The comparison of the water quality estimated by the LFI to the one estimated by
other established indices using benthic macrophytic species (Ecological Evaluation In-
dex/CymoSkew/CymoSkewm) revealed that the LFI was stricter. The LFI categorized
most of the systems in the “Moderate” quality, which, according to Orfanidis et al. [27], is
considered an “unstable” state, which can change to the “Bad” state without any warning.
Thus, the “strictness” of our index is a desirable requirement, for enhancing the need to
push for remedial actions. For the time being, the LFI could only be used for the monitoring
of lagoons situated in the Region of East Macedonia and Thrace (Northern Greece). It
would be worthwhile to improve the index by including data from different lagoon types
such as those in Western Greece, thus enhancing its objectiveness.
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