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INTRODUCTIONShad as cross-borders nutrients suppliers
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AtlanticOcean
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Provide a firstestimates of thepotentiel for allis shadto transport N and Pinto European rivers

INTRODUCTIONObjectives

N P
N P

N P

N P

N P

N P
N P

Time

Data
Abundances

Nutrient balance(Adults import andout-migratingjuvenile exports)

Source-sink dynamics

R1
Poulet et al. (2021)

1900 - 1930

3



Maturation
Survival
Growth

q Seasonal and temporalscales

q Mechanistic (populationdynamics)
q Individual-based

IDSexAgeLengthWeigth

Breedingdispersal

Survival

Reproduction

Spawningmigration

Juvenilemigration

Survival

Rougier (2014); Rougier et al. (2014, 2015)

METHODSSpecies distribution model (GR3D)
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METHODSSpecies distribution model (GR3D)
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METHODSDispersal
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METHODSNutrients routine
𝐼𝑑𝑛𝑘,𝑗 = 𝑠 ∈ 𝑚𝑎𝑙𝑒, 𝑓𝑒𝑚𝑎𝑙𝑒

𝑁𝑑𝑘,𝑠,𝑗 ×𝑊𝑠 × 𝜂𝑛𝑠 + 𝑅𝑇 × 𝜏𝑛

𝐼𝑠𝑛𝑘,𝑗 = 𝑠 ∈ 𝑚𝑎𝑙𝑒, 𝑓𝑒𝑚𝑎𝑙𝑒
𝑁𝑠𝑘,𝑠,𝑗 ×𝑊𝑔,𝑠 × 𝜂𝑛𝑔,𝑠+ 𝑅𝑇 × 𝜏𝑛

𝐹𝑛∈{𝑁,𝑃𝑗 = 𝑘∈ 𝑎𝑢𝑡𝑜,𝑎𝑙𝑙𝑜 𝐼𝑛𝑘,𝑗−𝐸𝑛𝑗
Net nutrient balance

𝐼𝑛𝑘,𝑗 = 𝐼𝑑𝑛𝑘,𝑗 + 𝐼𝑠𝑛𝑘,𝑗
Adult imports
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Poulet et al. (2021)
𝐸𝑛𝑗 =𝑁𝑜𝑗 ×  𝑊𝑂    × 𝜂𝑛𝑜

Juvenile exports
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RESULTSAutochtonous imports Latitude

Poulet et al. (2021)
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RESULTSAllocthonous imports

South
North

Poulet et al. (2021)

q Each river basinsupports the provisionof ecosystems servicesin other locations
q Driving by size, locationand the number ofneighboring basins

8 × 106 to 1.2 × 104  kg N·𝑘𝑚−2·𝑦𝑒𝑎𝑟−1

1.4 × 106 to 2.1 × 103  kg P·𝑘𝑚−2· 𝑦𝑒𝑎𝑟−1
P

N

RESULTS
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RESULTSFocus on the Garonne River

Nutrient subsidiesmainly relied onautochthonous fish

0.324 kg ± 0.048 kg N·𝑘𝑚−2·𝑦𝑒𝑎𝑟−1

0. 055 kg ± 0.008 kg P·𝑘𝑚−2·𝑦𝑒𝑎𝑟−1
P

N

Low compared to Americanshad and inputs fromupstream (Haskell 2018; Romeroet al. 2013)

RESULTS



CONCLUSION
qLow contribution compared to other related species and inputs fromupstream (e.g., Haskell 2018; Romero et al. 2013)

BUT… Concentrated in space and time

Cross-border cooperative managementefforts instead of catchment specificmeasures (Semmens et al. 2011; 2018; www.
diades.eu)

qSubstantial flow of strayers delivering nutrient subsidies in several rivers
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v Compensate the loss of shad-derived nutrients imported into inlandwaters by organic fertilizers
v Replacement coast (e.g., Morton et al. 2017)

PERSPECTIVES

Expected to be reduced by the end of the century considering thepredicted reduction in fish body and population sizes
(Daufresne et al. 2009; Twining et al. 2017 )

Should wemaintain ourefforts to ensure asustainableregulating aservice ?

Provide an economic assessmentrelated to these estimates Short-term

Project these estimates underclimate change scenarios Long-term
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Thank you
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