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Traditional fishing communities

Who are they?

Traditional fishing communities amroups with deeprooted cultural, economic, and

social ties to the seaelying on intergenerational knowledge for sustainable, small
scale fishing

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

Coastal fishing commmunities are unified through fishing.

Source: (Viethamese Private Tours on Pexels, 2018)




Keyaspectof traditional fishingcommunitiesinclude

Cultural Identity and Heritage Fishingis not just an occupation, but a lifestyle, often
accompaniedy ritualsand deepspiritualconnectiondo the sea

Sustainability and Knowledge These communities often use selective, traditional, or
biodegradablegearand possessich, experientialkknowledgeof localmarine ecosystems
Social Structure Theyare often organizedaround cooperative,familial, and community
basedstructures,with experiencedishersor eldersoften guidingcommunitydecisions
Challenges They face significant pressure from large-scale commercialfishing, coastal
development,pollution, and climate change,which disrupts fish migration and reduces
stock

Rolein Conservation Despitechallengesthey playa crucialrole in maintainingbiodiversity
andregulatinglocalfishinggroundsthroughtraditional managemenfpractices
Thesecommunitiesare often at the "crossroads"of modernization,fighting to maintain
their traditionswhile battling economicmarginalizatiorand environmentalchanges



Traditional Fishing Community

FSis a definedgroup of peoplewho shareidentity and interact eachother to
perform activities along the fisheries value chain based on experiential
knowledgeaccumulatedvertime andpassedcalonggenerations

Traditionsrepresenta set of practicesdevelopedby repetition overtime and regulatedby sharedvalues,beliefs,acceptedrules,and negotiatedacross
different levelsand consistof the cultural backgroundand identity of specificgroupsof peoplewho exercisethem. Traditionalusuallyrefersto cultural
continuity transmittedin the form of socialattitudes, beliefs,principles,and conventionsof behaviorandpracticederivedfrom historicalexperience



Traditional fishing communitieg including Arctic Inuit, Mediterranean coastal populations Pacific
Islanders,and SoutheastAsianlittoral societies occupyecologicahichescharacterizedy highrelianceon
marineresources

Thesepopulationsfrequently demonstratedistinctive demographicstructures, dietary compositions,and
health profiles shapedby long-term environmentalexposure

Traditional fishing communities represent unique
biocultural systemsin which ecologicakonstraints,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



Froman evolutionary perspectivefishing communities provide valuable case studies for
examininggenecenvironment interactionmicroevolution in small effective populatiorgsndnutritional

adaptation under ecological constraints

The increasing pace of modernization and climate change now challenges these historically stable
adaptive systems.
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These populations frequently demonstratdestinctive demographic structuregsmall
effective population sizes, historical isolation, maritime trade networks), dietary
compositions(high protein and omega fatty acid intake)and health profiles

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

Microevolutionary processes in small populations

Geneenvironment interaction

Nutritional adaptation and mismatch

The interaction between ecological stability and epidemiological change

e EEE

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



HOW TO DEFINE A HUMAN POPULATION:

Demography Focuse®n the number structure, anddistribution of individuals
Biology:Definespopulationsfrom ageneticperspective

A populationisthe basicunit of biologicalevolution. A Mendelianpopulatior' (deme) is.
1. Areproductivegroup ofinterbreedingindividualslivingtogether, and

2. Sharing a common gene pool (the segehescarried byindividualsin the population).

Populationasa SpaticTemporalGroup:

Individualsfrom different age groups do not belong to the same reproductive group, ever
they live in the same area and share a genetic pool.



What Is a population?

Before defining an all el eds freq. wi
a population concept must be defined

Breeding Population

1

A group of individuals within a species
K2 | N NBLINRBRdAdzOGA OGSt & A2t GSR

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

Why fishing communities areevolutionary rwatural laboratories W e
A Small Ne,ecological constraints, generculture coevolution

A Isolation and gene flow

A Founder effect and genetic drift

A Impact of trade and mobility

A Abiocultural framework

(a holistic approach that treats biological ecosystems and human cultural systems as inextricably
linked and ceevolved. It moves beyond traditional "ba@ntric" 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
@@ND@H@ Na@al reproduction

A Non-overlappinggenerations
Randommating

Largepopulation size

Negligible mutation rate
Negligible migration rate

Mortality independent of genotype
Fertility independent of genotype

Too oo Too To To Too To
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. RaMom mating INBREEDING

» Large population size GENETIC DRIFT

* Negligible mutation rate MUTATION

* Negligible migration rate MIGRATION

» Mortality independent of genotype SELECTION |

 Fertility independent of genotype SELECTION



Population Structure and Microevolutionary Dynamics

Effective Population Size and Genetic Drift

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

Endogamy

Unequal reproductive success
Seasonal male mortality (historically)
Migration bottlenecks

e EEE

A migration bottleneck refers to a, usualbeographic or environmental constrairthat
forces migrating populations into a narrow, concentrated area, drastically limiting the
movement and increasing vulnerability.



eInbreeding

eInbreeding. is the mating of relatives - a form of non-random
mating.

eInbreeding.: alone does not change allele frequencies, but
inbreeding does change genotype frequencies.

*The main effect of inbreeding is to increase the frequency of
homozygous genotypes in a population (main result: Excess
Homozygotes), relative to the frequency that would be expected
with random mating.

*Unlike random mating, which may affect some genes but not
*others, inbreeding affects all genes in the genome.



Ne=effectivepopulationsize

The size of the breeding population (the effective population size)
governs the strength of the drift effect.

When the effective population size is small, genetic drift will be stronger.

Drifting alleles usually have a finite lifetime.

As the frequency of an allele drifts up and down over successive
generations, eventually it drifts until fixation - that is, it either reaches a
frequency of zero, and disappears from the population, or it reaches a
frequency of 100% and becomes the only allele in the population.
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Rate of drift is stronger in small populations

10 replicates 2N=1000]

‘mo \ S ams e aene cam pen anm Aan Aeun s snee sms Aume 4 e aan g~ =
800 | ~

p

3
4 -
o 600 F 4
< - :
3 : - ‘
g . «
¢ a0 -
- ’ -
- -
! J
200 + 1
. :
o"AA v T vl VTR TN TV RS SN v ] ST RIS T el R T W ey e R

o 500

1000 1500 2000 2500

Time (generations)



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.
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Founder Effects and Maritime Colonization

Island colonization and Arctic settlement frequently involved

serial founder events Reducedyeneticdiversityand elevated
linkage disequilibrium characterize such populations This
complicatesselectiondetection methods, which must disentangle
demographidistoryfrom adaptiveprocesses

Comparatively:

«Arctic Inuit populations demonstrate strong bottleneck
signatures.

WaSRAUSNNI YSIY FAaAKAY3I O
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 inla
admixture, maritime trade can facilitate lordistance 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).

Colonization = movement into previously
unoccupied land

a

Founder effect

Migration = movement into an occupied land

- =

Gene flow
(migrants contribute to the next generation in
their new location)




Summary

A Marine resources fronpastto present



Marine resources fronpastto present

Why does the fish story from our evolutionary past matter today?

Coastal adaptations have become an important
topic in discussions about the evolution and
dispersal of Homo sapiens.
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What are the selective advantages conferred

by adopting coastal adaptations?

Shorebasedhabitats provided

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

associated to th@volution of
neonatal body fat reservesihich

were just as important for optimal human
brain development.

THE 5SHORE-BASED PARADIGM:

Solution to two major constraints on brain evalution

—

Fish, crustaceans, bivalves,
molluscs, aguatic plants,
birds" eggs, amphibians

|

* Reliable, accessible,
abundant food supply
*  Evolution of neonatal

sub-cutaneous fat

l

Uniguely rich distary source

of brain selective nutrients:
Fatty acids (DHA)
Minerals (1, Fe, Zn, Cu, 5e)

«  Vitamins (A, D)

|

Unigue body fat reserve:
*  Precursors 1o ketones -
essential brain fuels in
neonates
* DHA and precursors for
other brain structural

lipids

Solution to the developing
primate brain’s nutritional
constraints

5olution to the developing
primate brain's energetic
constraints

\/

l

HUMAN BRAIN EVOLUTION

Cunnaneand Crowford 2014




Did Neanderthal adapt to the sea in the same way as edfymo sapien?

Archaeologicalesearchin southern Africarevealedearly human coastaladaptationsthat
occurredat leastas far backas ~160,000 yearsago in the Middle Stone Age (MSA]J the
cultural period of the earliestHomo sapiensPaleolithic sites acrossAfrica and elsewhere
supportthe hypothesisthat coastaladaptationshavealong and lasting history.

Aprime view of the
Atlantic Ocean can
be seen from the cave
site Figueira Brava.




INSIGHTS

PERSPECTIVES

ANTHROPOLOGY

Neanderthal
surf and turf

Did our closest ancestors
adapt to the sea in the same
way as early Homo sapiens?

Shells of Patella vulgata, or common limpet, a type of edible sea snail, recovered from

a seaside cave in Portugal that was once inhabited by Neanderthals. Zilhao et al.
27 MARCH 2020+ VOL 367 ISSUE 6485 Science, 2020

sciencemag.org SCIENCE
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There is good evidence for Neanderthal use of
marine resourcesand coastal landscapedrom 30
cave,rockshelterand openair sitesassociatedwith

MP archaeology

Map depictingthe main siteswith evidenceof coastal
adaptations by modern humans in north Africa
(circles)and Neanderthalsn Europe(rectangles)




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

Little Fisherman. Wall painting,
. Akrotiri, Thera, Greece

- ww ww  3cm

An ivory fishhook with a raw material age of abol
19,000 years Fin#alaeolithi¢ site Wustermark22
(northeastern Germany)

3 Mesolithic fishhook tradition has its roots in the
FinalPalaeolithic

Aegean Talismanic seal with crab, ca. 145(



Neanderthals Consumed Crabs, Other Shellfish Over Feb 08 2023
90,000 Years Ago as Evident on Cave Remains Found ’

in Portugal

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.
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The Figueira Brava site on Portugal’s coast was occupied by Neanderthals between 86,000 and 106,000 years ago.

Science



Jon M. Erlandson! and Torben C. Rick?
Annu. Rev. Mar. Sci. 2010. 2:231-51

Understanding the antiquity of coastal settlement, marine fishing, and maritime
migrations is difficult because global sea levels have iEEZb m in the past 20,000

years, drowning ancient shorelines and vast coastal landscapes. Recent efforts to bette
understand the importance of marine and freshwater ecosystems in human evolution
have focused on different approaches and perspectives orathguity of fishing

societies, seafaring, and human impacts on marine ecosystems.



OPENQUATERNARY Briggs, L. 2020. Ancient DNA Research in Maritime and Underwater

Archaeology: Pitfalls, Promise, and Future Directions. Open
Quaternary, 6: 3, pp. 1-14. DOI: https://doi.org/10.5334/0q.71

REVIEW

Ancient DNA Research in Maritime and Underwater
Archaeology: Pitfalls, Promise, and Future Directions

Lisa Briggs

Cytosine deamination involves the addition of an
oxygen molecule and bacterial diagenesis will be
significantly slowed in an anoxic environment.
a2NB2OSNJ] 6GKS Wwalfd STFSO
process of depurination in high ionic environments

Underwater archaeologist Lisa Briggs recovering artefacts from the Queen Anne’s Revenge shipwreck (Photo credit:
W. Welsh)



iScience ¢? CellPress -

OPEN ACCESS

Genomic and dietary discontinuities
during the Mesolithic and Neolithic in Sicily

Early

He Yu,"'?* Marieke S. van de Loosdrecht,’'* Marcello A. Mannino,”*'%* Sahra Talamo,** Adam B. Rohrlach, -
Ainash Childebayeva,' Vanessa Villalba-Mouco,-® Franziska Aron,’ Guido Brandt," Marta Burri,' Cécilia Freund,’
Rita Radzeviciute,! Raphaela Stahl,” Antje Wissgott,’ Helen Fewlass,® Antonio Tagliacozzo,” Marcello Piperno,®
Sebastiano Tusa,” Carmine Collina, " Vittoria Schimmenti,’' Rosaria Di Salvo,'? Kay Priifer,’.'?

Cosimo Posth, 41> Jean-Jacques Hublin,*'? Detlef Gronenborn,’® Didier Binder,'” Choongwon Jeong,’'¢
Wolfgang Haak,”“® and Johannes Krause'-#0-21.*

Early

iScience 25, 104244, May 20, 2022

Late
Mesolithic Mesolithic Neolithic Bronze Age

Early

19 prenhistoric Sicilians covering the Mesolithic to Bronze
Age periods (10,704,100yBB.

B Incoming steppe-related ancestry

Incoming Neolithic ancestry

I Incoming Eastern Hunter-Gatherer ancestry

Il Local Early Mesolithic ancestry
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Looking at the origin of fishing in Mediterranean prehistory

NEWS RELEASE 21-FEB-2023

Mediterranean hunter-gatherers relied
ON marine resources more than
p re\/| O U S |y th O U ght esolithic cgmeterieisn the Mediterranean, at EColladg Valencia

Peer-Reviewed Publication
UNIVERSITY OF YORK

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



Stable isotope analyses of amino acids
reveal the importance of aquatic resources

1o Mediterancan coastal funter- Estimation of trophic position using compound-
gatherers
specific isotope analysis of amino acids (CSIA-AA)

Tersch', Juan F. Gibaja®, André C. Colonese* and Oliver E. Craig'

PROCEEDINGS B Proc. R. Soc. B 290: 20221330.

New research has revealed humans living on
the Mediterranean coast 9,500 years ago may
have relied more heavily on a fish diet than
previously thought.

Highresolution biomolecular techniques, like compoundspecific isotope

analysisof individualcollagenamino acids(CSIAAA) allowsgreateraccuracy
In discriminatingoetweenland animalsand marinelife.



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

A Fishing: health benefits armbntaminants



Fish Intake, Contaminants and Human Health
Evaluating the Risks and the Benefits
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Are marineadaptations true evolutlonary adaptatlons or context-dependent
metabolic adjustments?
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Natural selection outcomes
depend at any givenmoment
on theinteraction between
environmental and genetic
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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.



Genetic Adaptations to Marine-Based Diets

Coastal populations often rely heavily on seafood rich in omega-3 fatty acids.



Case Study: Inuit Populations

Selective Pressure:
A xtremely high intake ofnarine lipids (omega -3 fatty acids)

ACold climate increasing metabolic demand "

Genetic Evidence:

Selection signalsin genesrelated to:

Aatty acid desaturation (FADS gene cluster

A ipid metabolism regulation

ACholesterol homeostasis

Evolutionary Outcome .

AViodified lipid metabolism

A ower circulating triglyceride levels
ACardiovascular regulation suited to marine-fat diet
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Food has been studied not only from a chemical
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expressiondirectly (nutrigenomics)or by epigenetics
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Calcium helps preventpreeclampsia and
preterm delivery in women, and is essential for s Protein is a component of every
strong bones and teeth body cell, important for growth

¢+ Vitamine A is essential for
childhood survival, prevents

blindness, helps fight infec- and repairing, supporting neuro-
tions and promotes healthy logical function, digestion and
growth hormones

OMEGA3 VITAMINEA

Omega 3 fatty acids is crucial for

brain development, cognition and Iron is essential for brain

immune system, reducing risk of Zink is crucial for childhood development in children and

coronary heart disease and stroke survival, reduces stunting in increases maternal survival rates
children and fights diarrhea

& Toxics: some seafood can accumulate heavy metals, dioxine, PCB, ciguatoxin and antibiotic residuals.



Special Issue "Fish Intake and Human Health:
Evaluating the Nutrients and Benefits"™

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

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



Fish Intake and Human Health: Evaluating the Nutrients and Benefits
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Nutritional Ecologyof Traditional Fishing Communities

Macronutrient Structure

Traditional marinalietstypicallyexhibit:

A Highprotein intake (25¢30%energy

A High omegeB fatty acidintake

A Lowrefinedcarbohydrateintake

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 Thyroidregulationplaysa centralrole in metabolic
homeostasis

Seleniumintake may also mitigate mercury toxicity, introducinga complexriskcbenefit
balance
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Fish consumed by human population

Human health risk assessment

Posing both non-carcinogenic and
carcinogenic risks

Amongthe mainseafoodcontaminantshere are organochloringoesticides organotincompounds phthalates brominatedflame
retardants polyflourinatedcompounds polycyclicaromatichydrocarbong PAH) dioxins dioxinlike PCB&nd nondioxinlike PCB
heavymetals(mercury cadmium lead) andarsenic



EnvironmentalToxicology

Mercury
Bioaccumulation

Mercury concentrationincreasewith
trophic level due tabiomagnification
Longlived predatoryfish (e.g.,tuna,
sea) containhighmethylmercury
levels.

Healthimpactsinclude:

A Neurodevelopmentaimpairment
A Cardiovascularisk

A Epigenetianodifications
(FAO/WHO, 2023)

Global mercury
(Hg) cicle



