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Summary

ÅTraditional fishing communities asŜǾƻƭǳǘƛƻƴŀǊȅ άƴŀǘǳǊŀƭ 
ƭŀōƻǊŀǘƻǊƛŜǎέ

ÅMarine resources from pastto present

ÅFishing: health benefits and contaminants

ÅGenetics and epigeneticsof fishing communities 



Who are they?
Traditional fishing communities aregroups with deep-rooted cultural, economic, and 
social ties to the sea, relying on intergenerational knowledge for sustainable, small-
scale fishing. 

They serve as stewards of marine ecosystems, often employing eco-friendly techniques, 
but face critical threats from industrial overfishing, environmental degradation, and 
climate change.

Traditional fishing communities 



Key aspects of traditional fishing communities include:

Cultural Identity and Heritage: Fishing is not just an occupation, but a lifestyle, often 
accompanied by rituals and deep spiritual connections to the sea.
Sustainability and Knowledge: These communities often use selective, traditional, or 
biodegradable gear and possess rich, experiential knowledge of local marine ecosystems.
Social Structure: They are often organized around cooperative, familial, and community-
based structures, with experienced fishers or elders often guiding community decisions.
Challenges: They face significant pressure from large-scale commercial fishing, coastal 
development, pollution, and climate change, which disrupts fish migration and reduces 
stock.
Role in Conservation: Despite challenges, they play a crucial role in maintaining biodiversity 
and regulating local fishing grounds through traditional management practices. 
These communities are often at the "crossroads" of modernization, fighting to maintain 
their traditions while battling economic marginalization and environmental changes



FS is a defined group of people who share identity and interact each other to 
perform activities along the fisheries value chain based on experiential 
knowledge accumulated over time and passed along generations.

Traditional Fishing Community 

Traditions represent a set of practices developed by repetition over time and regulated by shared values, beliefs, accepted rules, and negotiated across 

different levels and consist of the cultural background and identity of specific groups of people who exercise them. Traditional usually refers to cultural 
continuity transmitted in the form of social attitudes, beliefs, principles, and conventions of behavior and practice derived from historical experience.



Traditional fishing communitiesτincluding Arctic Inuit, Mediterranean coastal populations, Pacific 
Islanders, and Southeast Asian littoral  societiesτoccupy ecological niches characterized by high reliance on 
marine resources. 

These populations frequently demonstrate distinctive demographic structures, dietary compositions, and 
health profiles shaped by long-term environmental exposure.

Traditional fishing communities represent unique
biocultural systemsin which ecological constraints, marine-
based subsistence, demographic structure, and genetic 
processes intersect. These populations offer valuable 
insight into microevolutionary dynamics, dietary 
adaptation, and the health consequences of rapid 
modernization. 



From an evolutionary perspective, fishing communities provide valuable case studies for 
examining geneςenvironment interaction, microevolution in small effective populations, and nutritional 
adaptation under ecological constraints . 

The increasing pace of modernization and climate change now challenges these historically stable 
adaptive systems.



These populations frequently demonstrate distinctive demographic structures (small 
effective population sizes, historical isolation, maritime trade networks), dietary 
compositions (high protein and omega-3 fatty acid intake), and health profiles.

From an evolutionary perspective, such communities serve as natural laboratories for 
examining:

ω Microevolutionary processes in small populations
ω Geneςenvironment interaction
ω Nutritional adaptation and mismatch
ω The interaction between ecological stability and epidemiological change

Understanding these systems is increasingly urgent as globalization, climate change, and 
dietary transition alter the ecological contexts that shaped human adaptation over millennia.



HOW TO DEFINE A HUMAN POPULATION:

Demography: Focuseson the number, structure, and distributionof individuals.
Biology:Definespopulationsfrom a geneticperspective.

A populationis the basicunit of biologicalevolution. A "Mendelianpopulation" (deme) is:
1. A reproductivegroup of interbreedingindividualsliving together, and
2. Sharing a common gene pool (the set of genescarried by individualsin the population).

Populationasa Spatio-TemporalGroup:
Individualsfrom different age groups do not belong to the same reproductive group, even if 
they live in the same area and share a genetic pool.



What is a population?

Before defining an alleleôs freq. within a population, 
a population concept must be defined 

A group of individuals within a species
ǿƘƻ ŀǊŜ ǊŜǇǊƻŘǳŎǘƛǾŜƭȅ ƛǎƻƭŀǘŜŘ ŦǊƻƳ ƻǘƘŜǊ ƎǊƻǳǇǎΧ

Breeding Population

they restrict mate selection to members of their own group 
usually due to geographical and/or social barriers that prevent 

mating with outsiders



Evolutionary & Genetic Foundations of Marine-Dependent Populations

Whyfishing communities are evolutionaryљnatural laboratories ње

ÅSmall Ne, ecological constraints, geneтculture coevolution

Å Isolation and gene flow

ÅFounder effect and genetic drift

Å Impact of trade and mobility

ÅA biocultural framework 

(a holistic approach that treats biological ecosystems and human cultural systems as inextricably 
linked and co-evolved. It moves beyond traditional "bio-centric" management by recognizing that 
protecting fish stocks also requires protecting the traditional knowledge, rights, and identities of the 
people who harvest them!)



HARDY-WEINBERG EQUILIBRIUM 
CONDITIONS: Å Diploid organism, sexual reproduction
Å Non-overlappinggenerations
Å Random mating
Å Large population size
Å Negligiblemutation rate
Å Negligiblemigration rate
ÅMortality independent of genotype
Å Fertility independent of genotype

IF THESE CONDITIONS AREN'T 
MET: 



Population Structure and Microevolutionary Dynamics

Effective Population Size and Genetic Drift

Effective population size (Ne) is often substantially smaller than census size (Nc) in 
small-scale fishing communities due to:

ω Endogamy
ω Unequal reproductive success
ω Seasonal male mortality (historically)
ω Migration bottlenecks

A migration bottleneck refers to a, usually, geographic or environmental constraint that 
forces migrating populations into a narrow, concentrated area, drastically limiting their 
movement and increasing vulnerability.





Ne=effectivepopulationsize





In populations where Ne < 500, drift can substantially alter allele frequencies within relatively few 
generations. This has implications for interpreting putative adaptive signals: allele frequency shifts may 
reflect stochastic processes rather than directional selection.

Founder Effects and Maritime Colonization

Island colonization and Arctic settlement frequently involved 

serial founder events. Reduced genetic diversity and elevated 
linkage disequilibrium characterize such populations. This 
complicates selection detection methods, which must disentangle
demographichistoryfrom adaptiveprocesses.

Comparatively:

ωArctic Inuit populations demonstrate strong bottleneck 
signatures.
ωaŜŘƛǘŜǊǊŀƴŜŀƴ ŦƛǎƘƛƴƎ ŎƻƳƳǳƴƛǘƛŜǎ ƻŦǘŜƴ ǎƘƻǿ 
greater gene flow via trade routes.



Founder Effects and Maritime Colonization
Serial founder events during Arctic settlement and island colonization 
reduced genetic diversity and increased linkage disequilibrium. These 
demographic processes complicate detection of positive selection 
because demographic bottlenecks can mimic selective sweeps 
(Nielsen et al., 2017).

Gene Flow in Coastal Networks
Mediterranean fishing communities historically maintained maritime 
trade routes, facilitating gene flow and reducing differentiation 
compared to more isolated Arctic groups. Thus, demographic history 
must be integrated into interpretations of adaptation.



Gene Flow Through Trade Networks

Coastal populations are paradoxically both isolated and connected. While ecological niches may limit inland 
admixture, maritime trade can facilitate long-distance genetic exchange. Mediterranean communities 
historically exhibited greater connectivity compared to Arctic groups, producing different patterns of 
population structure (e.g., lower FST among Mediterranean subpopulations).
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Marine resources from past to present



Over the course 
of human 
evolution, 

brain size tripled

The human  brain  is nearly  60% fat  
by total  weight,  and  that  big, 
powerful  brain  needs  to  be 
provided  with  certain  types  of  
fats  (both  saturated  and  
unsaturated)  throughout  life  to  
provide  a balance  of  structural  
integrity  and  fluidity  to  its cells.

¢ƘŜ ΨōǊŀƛƴ ƘȅǇƻǘƘŜǎƛǎΩ ŦƻǊ ǘƘŜ Ŏŀǳǎŀƭ ƛƳǇŀŎǘ ƻŦ Ŏƻŀǎǘŀƭ ŀŘŀǇǘŀǘƛƻƴǎ ŦƻǊ ƘǳƳŀƴ ŜǾƻƭǳǘƛƻƴ



Shore-basedhabitats provided 

abundant and sustained access to a wide 
selection of  foods rich in brain selective 
nutrients 

associated to the evolution of 
neonatal body fat reserves, which 

were just as important for optimal human 
brain development. 

Cunnaneand Crowford, 2014

What are the selective advantages conferred 
by adopting coastal adaptations?



Archaeological research in southern Africa revealed early human coastal adaptations that 
occurred at least as far back as ~160,000 years ago in the Middle Stone Age (MSA)τthe 
cultural period of the earliest Homo sapiens. Paleolithic sites across Africa and elsewhere 
support the hypothesis that coastal adaptations have a long and lasting history. 

Did Neanderthal adapt to the sea in the same way as early Homo sapiens?





Map depicting the main sites with evidence of coastal 
adaptations by modern humans in north Africa 
(circles) and Neanderthals in Europe (rectangles).

There is good evidence for Neanderthal use of 
marine resources and coastal landscapes from 30 
cave, rockshelter and open-air sites associated with 
MP archaeology. 



An ivory fishhook with a raw material age of about 
19,000 years Final Palaeolithic, site Wustermark 22 
(northeastern Germany) 
Ʒ Mesolithic fishhook tradition has its roots in the 
Final Palaeolithic. 

Fishing is a prehistoric practice dating back at least 40,000 years. 

Aegean Talismanic seal with crab, ca. 1450 BC

Little Fisherman. Wall painting, 
Akrotiri, Thera, Greece



Many of the shells and bones were marked with black burns, which showed 
they were heated to over 300°C (572°F), indicating they had been roasted for 
the purpose of eating. 



Understanding the antiquity of coastal settlement, marine fishing, and maritime 
migrations is difficult because global sea levels have risen Ḑ125 m in the past 20,000 
years, drowning ancient shorelines and vast coastal landscapes. Recent efforts to better 
understand the importance of marine and freshwater ecosystems in human evolution 
have focused on different approaches and perspectives on the antiquity of fishing 
societies, seafaring, and human impacts on marine ecosystems.



Cytosine deamination involves the addition of an 
oxygen molecule and bacterial diagenesis will be 
significantly slowed in an anoxic environment. 
aƻǊŜƻǾŜǊ ǘƘŜ Ψǎŀƭǘ ŜŦŦŜŎǘΩ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ǎƭƻǿŜŘ ǘƘŜ 
process of depurination in high ionic environments 



19 prehistoric Sicilians covering the Mesolithic to Bronze 
Age periods (10,700ς4,100 yBP). 





The extent to which humans relied on coastal resources in the past, is key to 
assessing human health.

Looking at the origin of fishing in Mediterranean prehistory

Mesolithic cemeteries in the Mediterranean, at El Collado, Valencia



High-resolution biomolecular techniques, like compound-specific isotope 
analysis of individual collagen amino acids (CSIA-AA) allows greater accuracy 

in discriminating between land animals and marine life.



López-Costas et al., 2020. Human bones tell  the story  of atmospheric  mercury  and 
lead exposure at the edge of Roman World

Skeletons are an  archive 
reflecting contaminant exposure.

Lanzada, NWSpain.  Roman inhabitants of this settlement incorporated two times more 
mercury and lead into their bones than post-Romans inhabiting the same site, independent 
of sex or age.
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Fish Intake, Contaminants and Human Health 
Evaluating the Risks and the Benefits



Human population genomicvariability
betweendemographyand localadaptation



Are marine adaptations true evolutionary adaptations or context-dependent
metabolic adjustments?



Natural selection outcomes
depend at anygivenmoment 
on the interaction between
environmental and genetic

factors .

Genotype

Variability

Phenotype

Enviromental
factors



Natural Selection for Human Adaptation in Coastal 
Environments in modern populations

Humans living in coastal environments have experienced natural  
selection  driven by climate, diet, pathogens, salinity, flooding, and
marine-based livelihoods. 

Over generations, certain genetic, physiological, and cultural  traits 
increased survival and reproductive success.





Case Study: Inuit Populations
Selective Pressure:
ÅExtremely high intake of marine lipids (omega -3 fatty acids)
ÅCold climate increasing metabolic demand

Genetic Evidence:
Selection signals in genesrelated to:
ÅFattyacid desaturation (FADS gene cluster)
ÅLipid metabolism regulation
ÅCholesterol homeostasis
Evolutionary Outcome :
ÅModified lipid metabolism
ÅLower circulating triglyceride levels
ÅCardiovascular regulation suited to marine-fat diet



Food has been studied not only from a chemical 
prospective, but also for the capacity of metabolites 
produced by food oxidation to modulate gene 
expression, directly (nutrigenomics) or by epigenetics 
remodeling (nutriepigenomics). 
However, inter-individual differences (i.e., the genetic 
variability) and environmental exposures (i.e., 
physical activity, drug, food pesticide residues, etc.) 
contribute to produce a lot of effects

Chemically diverse lipid sources, with 
heterogeneous physico-chemical and 
biological properties, can be found in 
different foods.





Å Fish  (finfish  or  shellfish)  are essential  to a healthy  diet . 

Å Fish are the primary sources of healthy long-chain omega-3 

fats and are rich in other nutrients such as vitamin D and 

selenium, high in protein, and low in saturated fat. 

Å There is strong evidence that eating  fish  or  taking  fish  oil  
has  a positive  impact  on the heart  and  blood  vessels .





HEALTH EFFECTS



Nutritional Ecologyof Traditional Fishing Communities

Macronutrient Structure
Traditional marine dietstypicallyexhibit:
ÅHigh protein intake(25ς30% energy)
ÅHigh omega-3 fatty acid intake
ÅLow refinedcarbohydrateintake
Such dietary structures modulate lipid metabolism and inflammatory signaling pathways 
(Calder, 2023).

Micronutrients:
Marine ecosystems provide high iodine availability, supporting thyroid function.
Historically, inland iodine deficiency led to endemic goiter, whereas coastal fishing
populationsshowedlower prevalence. Thyroid regulation plays a central role in metabolic 
homeostasis.
Seleniumintake may also mitigate mercury toxicity, introducinga complexriskςbenefit
balance.



Amongthe mainseafoodcontaminantsthere are organochlorinepesticides, organotincompounds, phthalates, brominatedflame
retardants, polyflourinatedcompounds, polycyclicaromatichydrocarbons(PAH), dioxins, dioxin-like PCBsand non-dioxin-like PCBs, 
heavy metals(mercury, cadmium, lead) and arsenic



Global mercury
(Hg) cicle

Environmental Toxicology
Mercury 
Bioaccumulation

Mercury concentrationincreaseswith 
trophic level due to biomagnification. 
Long-livedpredatoryfish(e.g., tuna, 
seal) containhigh methylmercury
levels.

Health impactsinclude:

ÅNeurodevelopmentalimpairment
ÅCardiovascularrisk
ÅEpigeneticmodifications
(FAO/WHO, 2023)


