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Abstract: In the Mediterranean Sea, and in marine areas worldwide, for most locations, data on
species presence and abundance are generally poor or non-existent. When available, these data are
generally reported only at small scale and/or for short temporal series. In this study, the investigation
of abundance and size trends, along with some ecological aspects of the data-poor species Scorpaena
porcus, commonly known as the Black Scorpionfish, was undertaken using FEK (Fishers’ Ecological
Knowledge) abundance and size trends, with some ecological aspects. The results clearly indicated a
sharp reduction in both abundance and size over the last 21 years (2001–2021) of this species in the
central Mediterranean Sea. The causes of this decline, and the importance of FEK, as well as Local
Ecological Knowledge (LEK), in research and the assessment and management of biological resources
are discussed.

Keywords: Scorpaenidae; fisheries; Mediterranean Sea; overfishing; fishers’ ecological knowledge

Key Contribution: The research reveals a substantial decline in both the catch and average size of
Scorpaena porcus over a 21-year period (2001–2021). Fishermen unanimously attribute the decline in S.
porcus to fishing activities, with professional fishermen acknowledging the role of their own practices,
emphasizing the urgent need for comprehensive management strategies that go beyond conventional
fisheries’ management to preserve this species and its associated marine ecosystems.

1. Introduction

Fishing activities have long been a major source of impact on marine coastal environ-
ments and their associated species, representing both historical and significant influence.
Overfishing has led to the global depletion of local populations and several species [1,2]. In
the absence of long-term data, scientists and the general public may face a loss of collective
memory, potentially leading to misconceptions about the status of ecosystems and past eco-
logical conditions. This phenomenon, described by Pauly in 1995 as the “shifting baseline
syndrome”, was initially noted among fisheries scientists [3]. These scientists perceived
the condition they observed early in their careers as a “natural” baseline for stock size and
composition, but failed to incorporate past and historical data. In a broader context, this
occurs when a given generation uses as a baseline for evaluating future changes, based on
the ecosystem’s state that was present at the start of their lifetimes (or career in the case of
scientists). In other words, this corresponds to the erroneous perception of a current state
of an ecosystem due to inappropriate information about its past conditions [4].

In the case of fisheries, the lack of historical data can lead to the use of inappropriate ref-
erence points in ecosystems’ assessment and for the evaluation of species’ abundances and
diversity over time. The effects of a shifting baseline are even greater for most marine areas
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because data on habitat and species’ presence and abundance are scarce or absent [5–8].
The Local Ecological Knowledge (LEK) of fishers can be used to reconstruct trends of
species’ abundance over time, hence representing a valid tool to integrate new data into
the gaps left by conventional studies conducted by researchers [9–11]. Indeed, fishers
have great knowledge of the biological resources they exploit and of the environment in
which they work. In this case, the concept of FEK (Fishers’ Ecological Knowledge) may be
used, and is defined as the fishers’ environmental knowledge of local resources, developed
through the interaction between fishers and the aquatic environment with its biological
components [12–15]. Therefore, the use of FEK and LEK concepts can be of fundamental
importance to define solid historical baselines of the environmental conditions of aquatic
systems, and play a key complementary role to traditional research by detecting long-term
changes regarding the ecosystem (presence/abundance of species, fishing yields, species’
ecology and behavior).

The Black Scorpionfish, Scorpaena porcus Linnaeus, 1758, is a relatively small benthic
fish with a robust body. Its total length typically ranges from 15 to 20 cm. This species is
distributed in the eastern Atlantic (from British Isles to the Azores, Canary Islands and
Morocco) and in the Mediterranean and Black Sea [16,17]. Scorpaena porcus typically shows
a dark coloration, featuring various shades of brown, red and black, which provide effective
camouflage in its habitat, represented by shallow hard and mixed bottoms, where it is
often observed close to rocks, on sand or hiding among rocks and boulders [18]. It is
a voracious ambush predator that mainly feeds on crustaceans and small fishes [19,20].
In the Mediterranean Sea, this species represents a target species for both professional
(coastal artisanal fisheries operating with trammel nets and gillnets) and recreational
(with spearguns) fishing activities, and is considered a valuable species for fish soup [21].
However, despite its importance and diffusion in marine environments, catch data for this
species are generally scarce or lacking.

This study aims to investigate the abundance trend of S. porcus over the last 21 years
(2001–2021) using FEK in southeastern Sicily (central Mediterranean Sea, Ionian Sea),
reconstructing the history of this species from a time when it was very common and
abundant to a period where the species became rare. The possible reasons for its decline
and some ecological aspects have also been investigated, and the importance of FEK in
fisheries science is discussed in this paper.

2. Materials and Methods

The reasons for starting this study and constructing and administering specific ques-
tionnaires lie in my personal perception and experience, and in the unstructured interviews
of fishermen that raised the issue of the sharp decline of the Black Scorpionfish in the
Sicilian Ionian Sea. In particular, in my close contact with local fishermen and through
19 years of spearfishing practice, I have noticed a significant decrease in the presence of
this species.

A total of 53 fishermen (34 professionals—trammel nets, and 19 recreational—speargun)
with at least 21 years of experience and operating between Syracuse and Marzamemi (Si-
cilian Ionian Sea), along a coastline of about 40 km, were interviewed between May and
August 2021. Four other professional fishermen with the same characteristics (using tram-
mel nets and with at least 20 years of experience) were interviewed on 18 September
2021 in Pantelleria (Strait of Sicily), a small island between Sicily and Tunisia, which is
located about 285 km from the main study area in Sicily (Figure 1). Before starting the
questionnaires, I asked each fisherman if he operates along coastal waters in which the
Black Scorpionfish is present; if he operates in the same fishing ground, and with gears
with the same technical characteristics over the 21 years investigated; and if the species
represents a target species. The questionnaires were completed only if all responses were
positive. The questionnaires were conducted individually (face-to-face and by phone) in
order to avoid any external influence. Each participant was made aware of the purpose
of the research and verbal consent was obtained. Furthermore, in order to strengthen our
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data, I asked to professional fishermen if they had any notes about past catches. In some
cases, these data were available, and agreed with those reported by local fishmongers.
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Figure 1. Study areas (red circles) in the central Mediterranean Sea: Ionian Sea (larger circle) and
Strait of Sicily (smaller circle).

The questionnaire included both open and closed questions (13 in total), aiming to
evaluate the following points: the years of fishing activity; the mean number of individuals
per day of S. porcus in 2001, 2011 and 2021; the maximum number of individuals per day
in 2001, 2011 and 2021; the medium size (total length—TL in cm) of S. porcus in 2001 and
2021; the depth range where the species is usually caught; the habitat in which the species
is usually caught; the economic (professional fishermen)/sporting (recreational fishermen)
value of S. porcus (low, medium, high); and the causes of the decline of S. porcus. The
sporting value of a fish species increases with the level of difficulty in catching it. This
difficulty depends on various factors, such as the animal’s swimming ability and its ability
to hide or camouflage itself or to live in difficult-to-access habitats, etc.

Unlike recreational fishermen, professional fishermen were better at remembering S.
porcus catches in kg/fishing day than specimens/fishing day. Hence, in order to standardize
the data, we converted kg in number of specimens considering the average weight of a
specimens equal to 150 g (1 kg = 6.6 specimens).

The size changes between 2001 and 2021 for each category of fishermen were tested
using a paired t-test (α = 0.01). The same was conducted to test the differences for the same
periods (2001 and 2021) between the medium size reported by professional and recreational
fishermen. The observed abundance (mean and maximum) between the past and the
present for each category was tested using a one-way ANOVA with a Geisser-Greenhouse
correction (α = 0.01). Results concerning the variable “habitat” and “bathymetric range”
were considered to come from the single general category of fishermen, with no distinction
between “professional” and “recreational” fishermen.

3. Results

Interviewed professional fishermen had a mean experience of 27.6 years (SD = 3.5),
while recreational fishermen had that of 23.3 years (SD = 2.6).

A clear statistical difference was found in catches between the three different periods
investigated (2001, 2011 and 2021) for both categories of fishermen: professional (p < 0.01;
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F = 94.79; df = 37) and recreational (p < 0.01; F = 61.88; df = 18). For professional fishermen,
the mean catches sharply decreased from 62 to 4 specimens per fishing day over 21 years
(Figure 2, Table 1). For the same category, the maximum catches also sharply decreased
from 187 to 29 specimens per fishing day in the same period (Figure 2, Table 1). A similar
trend, although with lower absolute values, was also evident for recreational fishermen: the
mean catches sharply decreased from four to one specimen per fishing day over 21 years,
and the maximum catches sharply decreased from seven to three specimens per fishing
day in the same period (Figure 2, Table 1).
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Figure 2. Box plots of catches of Scorpaena porcus over the last 21 years (2001–2021) for professional
(left) and recreational (right) fishermen. Values are expressed as number of specimens; N = number
(abundance of specimens).

Table 1. Professional and recreational catches and mean size (TL in cm) data for Scorpanea porcus
over the last 21 years (2001–2021); SD = standard deviation; range = minimum and maximum
values recorded.

Professional

Mean specimens per day Max. specimens per day

Period Range Mean SD Range Mean SD

2001 33–100 61.82 22.21 66–333 187.42 104.79
2011 13–33 28.13 7.96 33–133 67.95 37.13
2021 1–7 4.10 1.91 3–53 29.08 13.91

Recreational

Mean specimens per day Max. specimens per day

Period Range Mean SD Range Mean SD

2001 2–5 3.90 1.05 5–10 7.31 1.60
2011 2–4 2.74 0.65 3–8 5.00 1.33
2021 1–2 1.26 0.45 2–5 2.84 0.83

Mean size of Scorpaena porcus

Professional fishermen Recreational fishermen

Period Range Mean SD Range Mean SD

2001 15–25 18.63 2.61 15–25 18.26 3.26
2021 10–20 13.90 2.79 10–20 14.05 2.55
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A clear statistical difference was obtained in comparing the medium size of S. porcus
specimens caught in 2001 (~18.4 cm TL) with those caught in 2021 (~13.9 cm TL) for both
categories: professional (p < 0.01; t = 14.73; df = 37) and recreational (p < 0.01; t = 5.359,
df = 18). Meanwhile, no statistical differences were found in comparing the medium size
of S. porcus reported by professional and recreational fishermen for the same periods: 2001
(p = 0.651; t = 0.461; df = 56) and 2021 (p = 0.795; t = 0.2642, df = 56) (Figure 3, Table 1). In
a period of 21 years, we have registered a general size reduction in the medium size of S.
porcus equal to ~4.5 cm in TL (Table 1).
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Figure 3. Box plots of size of Scorpaena porcus for professional and recreational fishermen in 2001 and
2021. The median (middle quartile) is indicated by the horizontal line that divided the box in two
parts; the middle “box” represents the middle 50% scores for the group. The area between lower
to upper quartile is referred to as the inter-quartile range; the upper and lower whiskers represent
scores outside the middle 50%.

The species was mainly caught on rocky substrates (54.4%), followed by mixed bot-
toms (sand and rocks) with the presence of Posidonia oceanica (L.) Delile (28.1%) and mixed
bottoms, in which P. oceanica meadows were absent (17.5%) (Figure 4). Scorpaena porcus
was caught within a depth range of 0.5–40 m. Most of the professional fishermen (73.6%)
declared a “medium” economic value for S. porcus, followed by “high” and “low” values
(both 13.2%). For most of the recreational fishermen (73.7%), S. porcus had a “low” sport-
ing value, followed by a “medium” sporting value (26.3%). According to professional
fishermen, the main cause (55.3%) of the species’ decline is due to fishing activities in
general (professional and recreational), while others (23.7%) point to their own professional
activity, pointing out that it is the irresponsible use of small mesh sizes that is destructive.
A much smaller number of professional fishermen pointed instead to spearfishing (7.9%)
and habitat destruction (5.2%), while another 7.9% found no clear explanation. On the
other hand, 52.6% of recreational fishermen consider professional fishing activities to be
the main cause for the decline of S. porcus, while others mention fishing activities in general
(professional and recreational) (21.1%), spearfishing (10.5%) and habitat destruction (5.3%),
and another 10.5% of recreational fishermen found no clear explanation for the decline of
the species (Figure 5).
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fishery; FishGeneral = fishery in general; NoExpl = no explanation; HabitatDes = habitat destruction;
FishRecr = recreational fishery.

4. Discussion

The analysis of interview results clearly indicated, according to the opinions and
historical memory of both categories (professional and recreational fishermen), a sharp
decrease in S. porcus catches over 21 years, from 2001 to 2021. Considering the mean catches
per day of professional fishermen, we recorded a reduction of more than 50% in the first
10 years of the period investigated (from 2001 to 2011), and a further and more marked
reduction (~85%) in the last 10 years investigated (until 2021). Currently, professional
fishermen catch on average only a few specimens per day (with zero specimens in some
fishing days), compared to in 2001, when they caught on average several dozen fish per day.
A similar trend, with obviously lower absolute numbers, was recorded also for recreational
fishermen, who, in 2021, caught on average one specimen per fishing day (as opposed
to four specimens in 2001). A sharp decrease was also observed by both categories of
fishermen for the maximum catches of S. porcus in 21 years, from 2001 to 2021. While,
in the past, professional fishermen were able to catch an average maximum number of
187 specimens per day, today the average maximum number is equal to 29, with a reduction
of ~84.5%. A minor but still significant reduction was observed for recreational fishermen,
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who have gone from an average maximum number of seven specimens per day to three
specimens per day in 21 years, with a reduction of ~57.2%. It is therefore clear how the
abundance of S. porcus markedly decreased during the 21 years investigated. This sharp
decline is particularly significant if we consider that professional fishermen, due to the
general decrease in marine biological resources over the years, have increased the length of
the trammel nets used in order to compensate for this general decrease, and have increased
the overall amount of biological resources caught.

Moreover, during interviews, local fishermen have brought to my attention that other
species, which have been historically significant for both professional and recreational
fisheries, such as Scorpaena scrofa Linnaeus, 1758, Labrus merula Linnaeus, 1758 and Labrus
viridis Linnaeus, 1758, were not only more abundant but also tended to reach larger sizes
in the past. This observation hints at potential shifts in the dynamics of these marine
populations over time. Moreover, this is particularly relevant if we consider how both
categories (professional and recreational) of interviewed fishermen had more than 20 years
of experience.

On the other hand, amidst these changes, fishermen have also pointed out a noticeable
surge in the population of the Madeira rockfish, Scorpaena maderensis Valenciennes, 1833
in recent years. Notably, S. maderensis is a smaller scorpionfish, with a maximum total
length in the area reaching only 13.1 cm. Intriguingly, this species holds no commercial or
recreational interest, yet it shares a habitat and ecological traits with S. porcus [22,23]. The
upward trend in S. maderensis numbers might be attributed to a combination of factors that
are not mutually exclusive: 1. It is plausible that the decline in S. porcus has resulted in a
greater availability of trophic resources, potentially creating a partially empty ecological
niche that S. maderensis is capitalizing on; 2. The lower fishing mortality for S. maderensis
could be due to its smaller body size, making it less susceptible to capture with trammel
nets or gillnets, and its lack of appeal to spearfishermen; 3. The observed warming of
the Mediterranean Sea may be favoring S. maderensis, given its adaptation to is warmer
waters [24]. These shifts in the relative abundance of different scorpionfish species not
only offer valuable insights into the ecological dynamics of the region, but also underscore
the intricate interplay of environmental, ecological and anthropogenic factors shaping the
marine ecosystem.

Both categories of fishermen unanimously reported a decrease in the average size of S.
porcus over time, with specimens caught in 2001 being notably larger (approximately 4.5 cm
in TL more) than those caught in 2021. There was a consensus among both categories
regarding the average size of S. porcus in 2001 and 2021. This alignment reinforces the
reliability of LEK and affirms that both categories possess a keen perception of the historical
and current medium size of the fish under investigation. The observed size reduction
of S. porcus over time is likely attributed to the impacts of fishing activities, a suggestion
consistent with findings by other author for various species [25]. However, other factors
such as water warming cannot be dismissed, and might contribute, at least in part, to
the decrease in fish body size, as proposed by some researchers [26,27]. Notably, this
phenomenon appears to predominantly affect small-bodied species.

Scorpaena porcus was caught in shallow coastal waters, mainly on rocky bottoms, but
also on mixed bottoms (sand and rocks) with and without the presence of P. oceanica. For
most professional fishermen, S. porcus has a medium economic value that contributed in
the past, when the species was abundant, to the overall earnings from fishing activities.
On the other hand, for most recreational fishermen using spearguns, this species has a
low sporting value, being a benthic species with low mobility. Indeed, the only major
difficulty in capturing this cryptic species lies in finding it when it is camouflaged on the
substrate. Nevertheless, they declared that they are excited to capture it, as the species
is highly appreciated for its taste in fish soup. Considering the causes of the decline of
the species during the 21-year period investigated, both categories agree to the fact that
fishing activities are the main cause, but while most of the professional fishermen accused
fishing activities in general, most of the recreational fishermen accused professional fishing
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activities. Furthermore, a good percentage of professional fishermen accuse their own
professional fishing activity, with the irresponsible use of small meshes and excessive length
of the nets. Hence, fishing activities, and in particular professional ones, are perceived
as the main cause of the sharp decline of S. porcus. Considering the territoriality of S.
porcus, it is plausible that continuous fishing activities have caused a marked decline of the
species [28,29]. Although professional fishing has certainly had a greater impact on the
species, considering the number of specimens captured, recreational fishing with spearguns
could have had a bigger impact in very shallow waters, in which trammel nets (and gillnets)
are usually not used. Moreover, it is worth noting that recreational fishing with spearguns
is largely unregulated in many countries, making it difficult to determine the exact number
of participants and the extent of their catches. Consequently, even a relatively small group
of four–five individuals, when multiplied across potentially hundreds or thousands of
recreational fishermen, could have a significant impact on the local fish population.

The conspicuous decline observed in the Black Scorpionfish population and size
can be predominantly ascribed to the impacts of fishing activities, casting a broad net
over both professional and recreational sectors. Notably, the influence of professional
fishing appears particularly noteworthy, potentially exerting a more profound effect on
this benthic shallow-water species. This significant reduction underscores the vulnerability
inherent in the life history and ecological dynamics of S. porcus. As a species dependent
on specific habitats and exhibiting a limited capacity for rapid population recovery, the
consequences of its overexploitation become especially pronounced. The urgency of this
matter necessitates a re-evaluation and enhancement of our current management strategies.
The heightened susceptibility of S. porcus calls for an integrative approach that goes beyond
conventional fishery management. Strategies such as habitat protection, seasonal closures
and adaptive management measures need to be considered and implemented. Moreover,
involving local communities and stakeholders in the decision-making process can enhance
the effectiveness of these strategies and foster a sense of shared responsibility for the
sustainable management of this species. In recognizing the broader ecological implications,
our findings advocate not only for the preservation of S. porcus, but also for the safeguarding
of the intricate web of marine ecosystems it inhabits. Addressing the decline in this species
is not merely an isolated concern; it is a call to action for the preservation of biodiversity,
the maintenance of ecological balance and the sustainable use of our marine resources.

Considering the importance of FEK for the management of fishery resources, the
involvement of fishers in decision-making processes should be held in high regard [5,6,30],
hence the importance of establishing a dialogue between them and scientists. In this
regard, the FAO has also expressed the need to involve and recognize fishermen and their
experience in decision-making processes, and to support specific programs in favor of
fishing communities’ knowledge [31]. For most species (especially for those of artisanal
and recreational fisheries), catch data are generally scarce or absent, but thanks to the use
of FEK, it is possible to reconstruct historical trends in species’ abundance and distribution
before these are completely lost to posterity [32,33]. This is also the case of the current study
on S. porcus, a species about which we have limited knowledge regarding its exploitation,
presence and abundance along our national (Italian) and Mediterranean coasts, and for
which, thanks to this research, some gaps for specific areas and periods have been filled. It
then becomes clear how the loss of the local and indigenous knowledges in general can have
serious consequences for the effective conservation and management of biodiversity [34,35].
Hence, the experience and knowledge of fishermen can be very important in fisheries’
management, and should be included as a supplementary tool in traditional fishery research.
Furthermore, a closer collaboration and interaction between fishermen and researchers
is of fundamental importance to have the confidence of fishermen in order to improve
the amount and quality of data obtained and to make them feel involved in research and
conservation efforts.

In a landscape where numerous conservation objectives demand fulfillment, Local
Ecological Knowledge (LEK) emerges as a valuable contributor to a multidisciplinary
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conservation approach, fostering even transdisciplinary strategies when local communities
are engaged as active partners and collaborators. Recognized as a pivotal component for the
success of any management system dedicated to sustaining local resources [36], it becomes
imperative to channel heightened efforts into developing methodologies that effectively
quantify changes in LEK [37]. Furthermore, there is a pressing need to comprehensively
document LEK before it undergoes transformation or, worse, is completely lost [38,39].
Unfortunately, this is already happening, and has happened for many species.

It is essential to conduct additional research on the evolution of knowledge in diverse
local contexts. The scarcity of LEK research in developed nations may introduce bias into
our perceptions and assumptions about what is often labeled “residual” or as “pockets of
knowledge”, dismissing them as obsolete in the face of modernization. Much like how
the depletion of biodiversity leaves our world biologically impoverished, the erosion of
local and indigenous knowledge contributes to a socio-cultural impoverishment. These
two interconnected processes amplify each other, leading to increasingly adverse conse-
quences for conservation efforts. Therefore, endeavors should extend beyond safeguarding
biodiversity alone, encompassing a commitment to the preservation of indigenous peoples
and their intricate knowledge systems.

5. Conclusions

Utilizing Fishers’ Ecological Knowledge (FEK), this study has demonstrated a signifi-
cant decline in both the population and size of the Black Scorpionfish over the past two
decades in Sicilian waters. It is worth emphasizing that this situation is likely to be similar
in other Mediterranean areas as well. This marked reduction is primarily attributable to
fishing activities, with professional fishing exerting a potentially more pronounced im-
pact. This underscores the vulnerability of S. porcus as a benthic shallow-water species,
emphasizing the urgent necessity for enhanced management strategies.

In light of our findings, S. porcus emerges as a species warranting careful attention
to prevent further depletion. Effective management practices, including potential fishing
restrictions and habitat conservation measures, become imperative for the preservation of
this ecologically important species.

Furthermore, our study underscores the pivotal role of gaining a comprehensive un-
derstanding of the historical status of biological resources. Such insights not only enhance
our scientific knowledge but also serve as a powerful tool in raising public awareness
regarding the critical importance of preserving natural resources and ecosystems. Recog-
nizing the significance of combining Local Ecological Knowledge (LEK) with conventional
scientific studies and data further emerges as a crucial approach. This integration promises
a more holistic and nuanced comprehension of the present state of biological resources and
ecosystems, providing a foundation for informed conservation and sustainable manage-
ment practices.
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