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Different types of tracking methods
• Artificial tags
• Natural tags

• Short term
• Long term (including lifetime)
• Status (genetic)
• Presence/absence (eDNA)

• Combined approaches



Which method to choose? Depends on yourquestion(s), the study species, life stage, etc.
Also, it probably depends on your interests,prior experiences, the papers you read,recommendations, etc.
And your budget…



Artificial tags



Artificial tags have becomequite a large industry!There are many types, forlarge budgets and smallones.
Jensen, 1962



Electronic tags – riding the techno-development wave
• Active transmitters – e.g., for telemetry; the fish revealtheir networks

https://secoora.org/fact/acoustic-telemetry/

Bangley et al.2020Mar.Coast. Fish.



J. Benchetrit

Pop-up satellite tagsGreat for larger animalsIncreasing capabilities

Beguér-Pon et al. 2015 Nature Comm.



Lennox et al. 2017 BioScience

Improvementscontinue:• More types ofsensors• Miniaturization• Longer batterylife (or self-powered)• Tranceivers• Integration withother data (e.g.,ARGOS)



Challenges:
• Tag loss• Transmitting stops• Tag stops moving• Size• Battery life• Cost €$$€• etc

https://www.abc.net.au/



Natural tags
The Sun



Assumptions for natural tags to work:
• Must have contrasts in the markers (too littlecontrast  hard to distinguish sites)
• Repeatability (e.g., inter-annual variation)
• Permanency? Understand the “lifetime” of themarker
• Understand (?) what the marker is telling you



Short-term markers: light stable isotopes in fish muscle tissue
• Light stable isotopes arejust that – they are stable
• Tiny differences inrelative abundances canprovide importantecological information

 (stable iso’s in black)



Stable isotopes
• Different tissues have different turnover times• Muscle tissue ~ 3-4 months: recent info• Liver tissue ~ 2 weeks: so, even more recent
• Different stable isotopes provide different info:• δ13C, D/H: some info about source• δ15N: trophic status• δ34S: reducing environments (e.g. hypoxia)• δ18O: temperature and/or salinity



Cooler year,2001

1st NW Atlanticheat wave,2012-13

Bluebackherring



More recent developments in Stable Isotope Ecology: useof d15N in amino acids (d15Naa), correcting for phenylalaninetrophic increases of d15N  d15NBase
• Reflects the d15N of nitrate taken up by 1° producers
• Since nitrate can vary widely, d15NBase can be used totrack migration
• Can create “d15NBase isoscapes” and match up fishmarkers to geographic locations
• Can also extract material from tissues which grow overtime, e.g., bones and eye lenses  lifetime analyses



Matsubayashi et al. 2020 Ecology Letters

Isoscape mapbased onmeasurementsof copepodsand estimatedd15N ofphytoplankton



Matsubayashi et al. 2020 Ecology Letters

Predictions of where a chum salmon migratedthroughout life, from sections of bone collagen



A fish ear!

Fish Otoliths(ear-stones)



Otoliths – built-in chronometers in fish heads…
20 mm American shad larva

Annual rings

Salmon



A cod otolith
approx. 10 mm

“childhood”
Chemical information Photo: NTSB



Ever since the early days of using otolithchemistry, Sr:Ca ratios have been a real“work horse” for tracking diadromy

Secor et al. 1993, ICES CM 1993/M:41



Can ask many different types of questions aboutdiadromous fishes with this technique.
Here is an example from my own work, asking:how common is “non-textbook migration?”



Blueback herring:
• Anadromous
• Recently found to usemany different salinityzones before spawning(poster)



Springtime brings little herring back to the Hudson in the spawning run!
What are they doing here??



A pair of adultblueback herringotoliths

Otolith from a 98-mm yearlingcaught April 25,2012 at Troy Dam(entry to MohawkR.)

Winter zone



Here is that same “yearling” otolith, ablated with alaser unit to analyze trace elements.
Sr/Ca “jumps” when fish enters seawater
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It ALSO turns out that we can figure outwhere in the watershed these fish reared innurseries, thanks to another biogeochemicaltracer… 87/86Sr
The ratio of 87 to 86 Sr is related to the ageof rocks. Older rocks have higher 87/86Sr.
And this is taken up nicely in otoliths (justexpensive and difficult to analyze)



Oldest rock(Canadianshield)

Younger rock(marine deposits)
A mix in theHudson



87/86Sr
Sr:Ca x 103
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Isoscapes – modeledspatial predictions ofdifferent isotopes of interest– are becoming morepowerful
Here is an example of astrontium isoscapegenerated by random forestregression. And because87/86Sr is so popular…

Bataille et al. 2018 PLoS ONE



Bataille et al. 2020 Paleogeography, Paleoclimatology,Paleoecology

…the same groupgenerated an isoscape forthe globe (!).
Caveat: less certain forlarge rivers due to thescale at which theyintegrate Sr.



Many examples now of using combined geochemicalapproaches for diadromous fish otolith chemistry

Barramundi, Lates calcarifer



87/86Sr
Sr/Ca
Se/Ca

Goliath catfish, Brachyplatystoma rousseauxii
AMAZONIA

Hauser et al. Freshwater Biology 2020



Fish eye lenses and otoliths – complementaryarchival structures?

Lensesformed fromlayers ofproteins

Otoliths aremainlyaragonite(CaCO3)



Eye lenses arebecomingincreasinglypopular –amenable bothto light stableisotope andtrace elementwork
Harada et al. Front. Mar.Sci., 03 February 2022



A Brown Bullhead catfish in Arbutus Lake: lenses take up Hg!

Ontogeneticshift topiscivory



Re-visiting fish scales as chemo-archives

Sr:Ca

Mn:Ca

Ba:Ca
Von Ehr, M. 2022. Novel ScaleChemistry of Salmo Salar L. – NewLinkage of Otolith and Scale Chemistryto M74 Reproductive Disorder.Master’s thesis, SLU

Scale image + Strontium conc. map
Otolith chem Scale chem



DNA released into theenvironment (skin, blood,gametes, waste, etc.)

Collection of water or substrateand concentration of geneticmaterial and associated matrix

DNA extraction

PCR and analysis

EnvironmentalDNA (eDNA)



Single-Species Approaches vs. Metabarcoding
Single-species Genetic target uniqueto a species of interest High sensitivity Rapid, cost-effectivedata generation

• Invasive species• Rare species• Specific conservation priority
Multi-speciesMetabarcoding

Broader genetictargets for acommunity of interest Lower sensitivity More involvedsample processingand large datasets
• Estimate biodiversity• Assess broad community shifts

eDNA is promising, but mostly not well-resolved yet.Presence/absence good, quantitative estimates not.
Like other new approaches, needs more work



Summary.
• There now exist quite a number of different approaches totrack diadromy
• Some techniques are more mature than others (e.g.,parasites, otolith chemistry, DNA)
• Still, new developments are happening in ALL fields
• Complementarity of approaches should really strengthenour understanding



Telemetry &otherelectronictracking

Geochemicalatlases,isoscapes,etc.

“Hard parts”sclero-chronologymethods

DNA, eDNA,parasites,and othersoftbiomarkers



A final thought:
Does anyone want to collaborate on aproposal to use techno-tools tovalidate chronological biomarkers?
If so, please come talk to me!



Merci pourl'écoute!














