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Fishing is unsustainable and/or destructive.



Marine ecosystems are mostly impacted by climate change, rather than 
fisheries.



Ocean are so vast and fishery resources are so resilient, that there are 
no reasons to think they could be impacted and/or depleted by human 

activities.



Native and indigenous species are living parts of our natural heritage.



We should increase species-specific fishing ban to protect the spawning 
and recruitment season of commercial species. 



New Marine Protected Areas should be established in order to protect 
marine resources.



Increase in biodiversity is not always something desirable.



The cultural value of marine species is more important than the 
economic one. 



Some marine species are more important than others.



The absence of generational turnover among fishers prevents the 
perception of the ecological value of marine species.



A sustainable exploitation of marine resources could be achieved 
through a lower production and a higher value of landings. 



Marine species have only a commercial value.



The extinction of a species is not a big issue.



Stakeholders representing the sectors operating in the coastal areas are 
not interested in marine conservation.



No additional restrictions are needed for the fishery sector, what is 
lacking is the surveillance and the inspection of their compliance.



Marine biodiversity is less important than in the past due to market-
globalization. 



High biodiversity ensures the exploitation of marine resources all year 
round.



Fishers do not perceive their impact on marine biodiversity.



Temporal fishing bans should be extended. 



Marine predators threaten the biodiversity and hence their catches 
should be favoured.
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2008

MSc in Marine Biology and Oceanography

2009

Scholarship

2010-2013

Research Grants

2013-2018

Researcher (temporary)

Who I am



34

2016

PhD in Marine Biology and Ecology

2018-current

Researcher (permanent)

2016; 2018

FAO consultant

2020-current

FAO-GFCM National Focal Point (Recreational Fisheries Pilot Study; Blue Crab Programme)

Who I am



Field of interest



Scientific 
production
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Scientific 
production
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Scientific 
production
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Other…



The reserch idea in the field of 
fisheries biology

“Mostly, you see fish only when they're caught… So if you 
study fish populations, you tend to get little pieces of 
information here and there. These bits of information are like 
the tip of the iceberg; they're part of a much larger story. Our 
job is to try to put the story together. We are a kind of 
detective, really, who assembles clues into a coherent picture.”

The ecological detective, 1997



Outline Lecture 1

• A bit of history
• Key definitions & concepts

A medieval 
view of fishing, 
by Peter 
Brueghel the 
Elder (1556).

The current view ?

https://sustainablefisheries-uw.org/ray-hilborn-on-seaspiracy/



A bit of history
The Paleolithic mans’, with his great desire 
for knowledge and discovery, started
fishing. The first hooks were made of wood. 
In the age of copper and bronze, hooks 
changed material to become built with iron.

Native Americans used hawk
claws and bones from various
animals to make their hooks.



A bit of history

• In the past knowledge of 
currents, winds, depths, migratory 
habits of fish, are essential for 
fishing at sea. Over time, man has 
discovered new materials and new 
fishing techniques.



A bit of history
• Fish has always been present in the human diet along with 
cereals, seeds, fruit and vegetables and represented one of 
the main supply sources of for the communities that 
inhabited the coastal areas and along the rivers. We find it in 
all the civilizations of the Mediterranean basin.



A bit of 
history

In prehistoric times, fish was caught and eaten fresh, 
due to the warm climate of Mediterranean 
countries, or subjected to rudimentary drying 
processes



Naples (Italy, 
National 
Archeologic
Museum)

Cefalù (Sicily, Italy, Mandralisca Museum)

Ostia (Italy)

A bit of history



A bit of history
The range of fishing boats increased rapidly with the advent of the 
industrial revolution. Yields increased 4 times compared to sailing boats. 
Other innovations such as rail transport transformed fishing into an 
industry.. With the advent of diesel engines, large ships were able to 
remain at sea for months following the large seasonal abundances of fish 
species. This led to the development of the fishery called "Distant water" 
which developed on a global scale.



Notes on the economic 
importance of the fishing 
sector

Global food fish consumption increased at an average annual rate of 3.1 
percent from 1961 to 2017, a rate almost twice that of annual world 
population growth (1.6 percent) for the same period, and higher than that of 
all other animal protein foods (meat, dairy, milk, etc.), which increased by 2.1 
percent per year. Per capita food fish consumption grew from 9.0 kg (live 
weight equivalent) in 1961 to 20.5 kg in 2018, by about 1.5 percent per year. 
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Notes on the 
economic 
importance 
of the fishing 
sector
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• A bit of history
• Key definitions & concepts



Fisheries science
Fisheries science is the academic discipline of 
managing and understanding fisheries. It is a 
multidisciplinary science, which draws on the 
disciplines of limnology, oceanography, 
freshwater biology, marine biology, 
meteorology, conservation, ecology, population
dynamics, economics, statistics, decision
analysis, management, and many others in an 
attempt to provide an integrated picture of 
fisheries.

Notable contributors



Halieutic 
production 
definition

The halieutic production is the 
exploitation of the aquatic alive 
resources. It includes the various 
modes of exploitation and 
management (fishing, fish farming) 
of alive species (vegetable or 
animal) exercised in all the aquatic 
circles (sea and river).



Halieutic 
resources

Demersal

Living in close relation with the bottom and depending on it.

Pelagic

Fish that spend most of their life swimming in the water column with 
little contact with or dependency on the bottom. 

Small pelagic: (Anchovy, Engraulis encrasicolus; sardine, Sardina 
pilchardus),

Large pelagic: Tuna (Thunnus thynnus and other), Swordfish (Xiphias 
gladius), etc.

Edible molluscs

e.g.: Bivalv mollusc, Baby clam (Chamelea gallina), Mussel (Mytilus 
galloprovincialis)



Fisheries 
diversity
• Artisanal

• Traditional

• Small-scale

• Recreational

• Commercial

• Industrial

• Subsistence

• Coastal

• Offshore

• Distant waters



Fishing gears



Fishing gears: purse 
seine



Fishing gears: 
beach seine



Fishing gears: 
otter trawl



Fishing gears: bottom 
otter trawl



Fishing gears: 
midwater pair 
trawl



Fishing gears: 
hydraulic 
dredge



Fishing gears: 
gillnets



Fishing gears: 
trammel net



Fishing gears: 
pots



Fishing gears: 
fyke net



Fishing gears: 
longlines 
(demersal)



Fishing gears: 
longlines 
(pelagic)



Fishing 
gears: 

classificatio
n



Fishing 
gears: 
classificatio
n



Why manage fisheries?
Because the resources are not
unlimited and poor management has
led over the centuries / years to the
collapse of some stocks and to the
general state of overfishing of most
stocks (at the Mediterranean and
global)

Because some types of fishing have a
strong impact on the environment and
contribute to the fragmentation and /
or destruction of the habitat and the
loss of biodiversity.



Fisheries science provides important information
to the managing authorities, in the case of Italy
the MIPAAF and at the highest level to the FAO
Italy, like all Mediterranean countries, are also
managed by the GFCM = General Fisheries
Commission for The Mediterranean which is an
RFMO = Regional fisheries management
organization

Why manage fisheries?



Other 
aspects:
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Resource evaluation



How many fish 
in the sea?



How 
many fish 
in the 
sea?



Fish stock
The living resources in the community 
or population from which catches are 
taken in a fishery. Use of the term fish 
stock usually implies that the 
particular population is more or less 
isolated from other stocks of the same 
species and hence self-sustaining.



Population 
dynamics and 
processes



The von Bertalanffy growth equation



Population processes used in fisheries biology
Age
Lifespan, longevity and age determination methods

Growth
Length-weight relationships, growth parameters, interrelationships and 
methods

Reproduction
Size at maturity, onset and duration of spawning, fecundity

Mortality
Natural, fishing, total and methods of estimation

1. For studying the biology of marine organisms even of non-commercial ones

2. Assessing the stock status using single-species approach and methods

Usually stock are assessed using age-based methods that require the 

estimation of all biological parameters (length-weight relationships, growth 

parameters, length at maturity, natural mortality) by age or by length, which 

is then converted to age using an inverse von Bertalanffy equation



Often not available
Age
Lifespan, longevity and age determination methods

Growth
Length-weight relationships, growth parameters, interrelationships and 
methods

Reproduction
Size at maturity, onset and duration of spawning, fecundity

Mortality
Natural, fishing, total and methods of estimation

1. For studying the biology of marine organisms even of non-commercial ones

2. Assessing the stock status using single-species approach and methods

Usually stock are assessed using age-based methods that require the 

estimation of all biological parameters (length-weight relationships, growth 

parameters, length at maturity, natural mortality) by age or by length, which 

is then converted to age using an inverse von Bertalanffy equation



Available data used in fisheries biology

Catches
Landings by species, by year, statistics, discards

Effort
Number of vessels, number of days at sea

CPUE
Abundance data from survey or from commercial data

Expert knowledge
Changes in fishery regualtion, resiliance of a species

1. To understand the status of a stock in term of Fishing mortality and Biomass

2. To allow management procedures.

Usually stock can be assess with production models that does not require the 

estimation of all biological parameters by age or by length, but only fishery 

statistics



MSY and 
reference points 
in fisheries

Maximum sustainable yield (MSY) is 
one of the fundamental concepts in 
fisheries science

It refers to the removal of the largest 
possible biomass without risking the 
collapse of a stock

«Live on the interest and not the 
capital»



Assessing 
stock 
status



Fi
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er
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s 
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tio
n

Fishing effort à mortality

‘Good side’ ‘Bad side’

Fishing industry

Maximum sustainable 
yield (MSY)

Overfishing

collapseOptimum 
fishing effort

renewal

The classic curve in fisheries science



Profit for fishers is also maximized near MSY



Assessing stock status



Fisheries management

Management decisions are (ideally) based on fisheries reference points that are related to:

1. the intensity of fishing F (fishing mortality, fishing effort, fishing pressure)
Common reference point: F/Fmsy
Should be low to ensure stock renewal.

2. the state of the stock B (biomass, abundance)
Common reference point: B/Bmsy
Should be high to ensure high catches.

3. the age and stock structure of the population
Common reference point: L/Lopt
Should be as close to unexploited stock conditions.



Fisheries management



Fisheries reference points

Stock status and exploitation are two different terms that are often confused

Stock status refers to the biomass (Β) of a stock compared to the biomass that corresponds to the 
MSY (BMSY) – it is a biological concept and depends on the population characteristics of a species
It has to be high (B > BMSY)

Exploitation refers to the fishing pressure
(F) Applied to a stock compared to the 
one that ensures MSY (FMSY) – relates to 
the fleet and fishing intensity
It has to be low (F < FMSY)
A stock is healthy only when both 
conditions apply at the same time

(+ a third one related to the size and 
age structure of a population))

Healthy stock
↑ Β, ↓ F

Recovering stock
≈ Β, ↓ F

Depleted stock
↓ Β, ↓ F

Bad condition and high 
fishing pressure

↓ Β, ↑ F

Good condition but high 
fishing pressure

↑ Β, ↑ F



The NE Atlantic stocks are in better condition compared to the Mediterranean ones
that are concentrated in the RED area of the plot

+ : Atlantic

+ : Mediterranean

Fisheries reference points



Minimum 
Landing 
Size

20 cm

The third condition is even worst for most commercial stocks

Depleted

Recovering

The mean length of hake in the Ionian Sea declines since 1998

(data from MEDITS-a fisheries independent survey)



Time to start saving!

The illusion that higher fishing effort results in higher profits...

Only cost is linearly related to fishing effort

Profit is maximized ONLY when stocks are sustainably exploited.



(Stergiou & Tsikliras 2015)

Ecosystems malfunction and become less resilient to external pressures 
(e.g. climate change)



100

Shifting the baseline syndrome

Fish used to be larger





Aliens in the Adriatic sea!



The problem:







Azzurro et al., 2013 Biol. Inv.





1

The ORMEF database
Azzurro et al., 2013
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Animation provided by ORMEF database
Azzurro et al. "Exotic fish species in the Mediterranean Sea: analysis of occurrence records." Rapp Comm Int Mer
Médit 40 (2013): 508.



The approach: 



LOCAL ECOLOGICAL KNOWLEDGE 
(LEK)



WHY INVOLVE LOCAL PEOPLE 
IN THE MONITORING 
PROGRAMS?



BECAUSE THEY ARE 
EVERYWHERE AND AT ANY 
TIME

WHY INVOLVE LOCAL PEOPLE 
IN THE MONITORING 
PROGRAMS?



PROVIDE THE FIRST 
DETECTIONS

WHY INVOLVE LOCAL PEOPLE 
IN THE MONITORING 
PROGRAMS?



page 115

Ask to the 
fishermen HOW 

FREQUENTLY DO 
THEY APPEAR IN 

CATCHES?

ARE THERE SPECIES THAT 
HAVE APPEARED IN THE LAST 

YEARS THAT WERE NOT 
THERE BEFORE?



0 =ABSENT; 1 =RARE (once in a year); 2= OCCASIONAL (sometimes in a fishing period); 3=COMMON (regularly in a fishing period); 4 =ABUNDANT (regularly 
in a fishing period and abundant); 5=DOMINANT (always in a fishing period and with great abundances). 

Boughedir et al., 2015 (submitted)
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Boughedir et al., 2015 (submitted)



The questionnaire:



1

Target species

Group Species PICTURE

C
R

U
ST

A
C

EA

Callinectes 
sapidus

C
R

U
ST

A
C

EA

Dyspanopeu
s sayi

C
R

U
ST

A
C

EA Palaemon 
macodactyl
us

FOTO (CARLO)

C
R

U
ST

A
C

EA

Calappa 
granulata

FI
SH Balistes 

capriscus

FI
SH Coryphaena 

hippurus

FI
SH Fistularia

F
IS

H

Lagocephal
us 
sceleratus

F
IS

H

Lichia amia

F
IS

H Pomatomus 
saltator

F
IS

H Sardinella 
aurita

F
IS

H Siganus 
luridus

F
IS

H Siganus 
rivulatus

F
IS

H Sparisoma 
cretense

F
IS

H Sphyraena 
viridensis

F
IS

H Trachinotus 
ovatus

A
L

G
A

E Caulerpa 
racemosa

A
L

G
A

E Caulerpa 
taxifolia

A
L

G
A

E Sargassum 
muticum

A
L

G
A

E Undaria 
pinnatifida



Balistes capriscus
«Pesce Balestra»



Coryphaena hippurus
«Lampuga»



Fistularia commersonii
«Pesce Flauto»



Lagocephalus sceleratus
«Pesce Palla»







TETRADOTOXIN
4R,4aR,5R,6S,7S,8S,8aR,10S,12S)-2-azaniumilidene-4R,6S,8S,12S-
tetraidrossi-6S-(idrossimetil)-2,3,4R,4aR,5R,6S,7S,8S-ottaidro-1H-
8aR,10S-metano-5R,7S-(epossimetanoossi)chinazolin-10S-olato

C11H17N3O8



TETRADOTOSSINA (TTX):
• Neurotossina

• Fam. Tetraodontidae (pesci palla)

• Isolata per la prima volta nel 1909  (Yoshizumi Tahara)

• 100 volte più tossica del cianuro di potassio (25 mg sufficienti ad uccidere)!

• Primo avvelenamento registrato nel diario di bordo del capitano James Cook 

(avvelenamento della ciurma e delle riserve alimentari viventi…i maiali)

• Sintomi: mancanza di fiato, ottundimento, «testa leggera», dispnea, cianosi, 

ipotensione, paralisi, aritmia cardiaca, convulsioni

• Assenza di terapia medica!



Biochemistry of the TETRADOTOXIN:

Toshio Narahashi & John Moore (Duke University) demonstrate the
"Selective block of the sodium channel" (1964)



Fugu



Fugu:
• Served in Japan (qualified cooks who know how to extract poison from 

meats). Sometimes a little enough toxin is left to give a slight euphoria and a 
little tingling to the lips and tongue!

• In Italy it has been prohibited since 1992
• In Japan between 1996 and 2006 there were 44 cases of poisoning (6 

deaths/year)

• Wade Davis (Harvard University) in 1984 
managed to obtain in Haiti the "zombizing" 
powder used by voodoo sorcerers: 
TETRADOTOXIN

(in small doses leads to a trance-like state)



Lichia amia
«Leccia»



Pomatomus saltatrix
«Pesce serra»



Sardinella aurita
«Alaccia»



Siganus luridus
«Pesce Coniglio»



Siganus rivulatus
«Pesce Coniglio Marmorizzato»



Spariosoma cretense
«Pesce Pappagallo»



Sphyraena viridensis
«Barracuda Boccagialla»



Trachinotus ovatus
«Leccia stella»



Plotosus lineatus
«Pesce gatto dei coralli»



Nemipterus randalli
«Nemiptero»



Cheilodipterus novemstriatus



Cephalopholis taeniops
«Cernia atlantica»



Saurida undosquamis
«Pesce lucertola»



Hemiramphus far
«Blackbarred halfbeak»



Pterois miles
«Pesce scorpione»



Pempheris mangula
«Sweeper»



Sargocentron rubrum
«Pesce armato rosso»



Stephanolepis diaspros
«Monacanto reticolato»



Callinectes sapidus
«Granchio Blu»



Dispanopeus sayi



Calappa granulata
«Granchio Melograno»



Palaemon macrodactylus
«Gamberetto Orientale»



Caulerpa racemosa



Caulerpa taxifolia



Sargassum muticum



Undaria pinnatifida



For any information
or

To send photos, reports, 
comments:

luca.bolognini@cnr.it





Spatial distribution of fishing effort (otter, pelagic, and rapido trawls, hydraulic dredge, 
SSFs) and other activities (energy, aquaculture, transport) were analysed using GRID

Aim: quantify spatial conflicts and test a future scenario (trawling ban inside 6 nm)

…another spatial issue



Interaction matrix showing conflict scores

Conflist scores are calculated using 5 key
attributes of each activity (vertical scale, spatial
scalem location, time scale and mobility) and 
basing on a set of rules

…another spatial issue



…baseline



Baseline Conflict
Score (cumulative) = 

-16898

…cumulative conflict score: BASELINE



Scenario Conflict Score 
(cumulative) =

-15519

General 
improvement = +8%

We simulated
the spatial
effects of a 

possible future 
scenario: 

«trawling ban
inside 6 nm»

…cumulative conflict score: SCENARIO



Fishing area lost (%)

Fishing effort lost (%)
Fishing area of SSF 
increases of 103 %

…stress level of the SCENARIO





Oceans’ 
characteristics

Heterogeneous bathymetry



Other aspects:

Because each country can fish within 
its territorial waters and (if it has) in 
the so-called exclusive economic 
area (EEZ). The so-called ABNJ, areas 
beyond national jurisdiction, are "no 
man's lands"



Oceans’ characteristics: 
horizontal zonation



Oceans’ characteristics: continental shelf

Most of the fishing activities take place on the continental shelf. Small-scale fishing takes place almost exclusively on the 
platform.



Canyons

Professional fishing also takes 
place on the continental slope. In 
the Mediterranean the maximum 
limit for trawling is 1000 m of 
depth. Also in the Mediterranean, 
red shrimp fishing is carried out 
mainly in canyons.



Canyons

Trawl-induced and natural sediment accumulation 
rates in the studied submarine canyons. (Paradis et 
al., Sci. Rep. 2017)



Seamounts

• Seamount fishing is not carried out in the 
Mediterranean but is quite common in 
several ocean areas (especially the Pacific and 
Indian).



Seamounts



Food supply
Deep-sea fishing is limited for several reasons:
• distance from the coast (high costs for small fishermen)
• very low yields (see below), except for the environments seen above

It is extremely 
limited (except at 
hydrothermal 
vents)
organisms must 
survive in an 
environment 
where food is 
scarce and low in 
calories



Large areas of the continental shelf (Adriatic, Sicily channel, Gulf of Lion), but also 
bathyal beds, up to 5000 m. The maximum depth of 5267 meters is found in the 
Hellenic Trench in the southern coasts of Greece (Calypso Deep). In the 
Mediterranean, thanks to a restriction imposed by the GFCM, trawling is prohibited 
below 1000 m depth.

Mediterraneans’ characteristics



Global primary production



Mediterraneans’ primary production



Upwellings

• Upwelling is an oceanographic phenomenon, influenced by winds, which involves colder and denser (and nutrient-rich) 
water masses that rise from the depths, replacing warmer (and nutrient-poor) surface waters. They are highly productive 
areas.



Upwellings upwelling map of globe




