> Exploring the effect of dispersal capacities and
reproductive strategies/tactics on the structure of
American shad populations across the species
native range: an approach based on a
mechanistic species distribution model
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Ml > Decline in North Atlantic diadromous fish
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> Decline in American shad (Alosa
sapidissima) population stocks
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Implementation of interstate fisheries management program
American Shad Benchmark Stock Assessment
(ASMFC, 2020)
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< Assess the population stock status in all the rivers where the
American shad were historically abundant
O Review on the species ecology
O Population size and mortality

< Provide scientific advices to fisheries managers to forecast
future stock conditions
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> Main knowledge gaps
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Allee Effect:
Positive relationship between aspects of fitness and
population size

©) _ :
%‘. Decreased per capita growth rate at small population
Q Sizes (Encyclopedia of Ecology, 2008)
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> Main knowledge gaps

Allee Effect:

Positive relationship between aspects of fitness and
population size

Decreased per capita growth rate at small population
Sizes (Encyclopedia of Ecology, 2008)
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: Distribution
Reproduction stributio
at sea
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Iteroparity
Reproducing several times during a life
time
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Migration routes

How shads are distributed at sea? Do
shads experienced the same
environments?

Straying
Fish do not return to their natal rivers to
reproduce (# homing)
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> Objectives

Investigate the effect of dispersal and ‘reproductive
strategies’ on population structuring and spatial
distribution

U Identify knowledge gaps and new insights to provide a
better understanding of shad population dynamics
over the species entire distribution range

O Helpful to find more effective management plans for
the species and trigger relevant scientific studies
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> Experimental design

2-step process
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HOW ?
(1

Adapt an existing species distribution
model GR3D (Global Repositionning
Dynamics of Diadromous Fish
Distribution) to the dynamics of the
American shad across its distribution

range with respect to water temperature
(Rougier et al. 2014)

p.7



? GR3D (Global Repositionning Dynamics for 0{
Diadromous fish Distribution)

Model parameterization
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> Experimental design
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HOW ?

2-step process
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Sensitivity 9

analysis Run a sensitivity analysis to explore the
iInfluence of uncertain life-history traits
on the overall population structuring

through time and space (salelii et al. 2000; Ginot
et al. 2006)
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> Model outputs

Model outputs

Sensitivity

Q Log Likelihood
< Provide information on the global model
accuracy regarding presences and
absences

0 Spawner abundances

<Number of spawners entering the river in
spring to reproduce across the entire species
distribution range
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O Number of emerging

metapopulations (Hanski 1998)
< Populations that exchange more than 5% of
fish are grouped into the same metapopulation
until there is less than 5% of fish exchanges

between metapopulations
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> American shad distribution at sea f
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98 river basins ranging
from Florida (26.9°S)
to Canada (49.1°N) 2x3 offshore basins where

shads seasonally school
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located at the sea
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o RI: Shads do not mix in the ocean RI1O: Shads display seasonal trophic
and stay in the vicinity of their natal migrations at sea to find more suitable

river to grow at sea (Rougier et al. 2014) conditions to grow (padswel et al. 1987) p. 12
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2 Sensitivity analysis

— Constant
L
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Index (Ginot et al. 2006)

Sensitivity
analysis
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> Sensitivity analysis

Constant \

Proportional to the

[ Allee Effect J

catchment size
—

Survival after
reproduction

...................................................

No Allee Effect

Link to water
temperature

Constant

Medium distance)
for straying J

Intermediate

[ Homing rate

\

L Low

!

High ‘

—~—

Constant I\

[ Allee Effect |

)

Proportional to the
catchment size

Survival after
reproduction

No Allee Effect

Link to water
temperature

Constant

Medium distancew
for straying J

Intermediate

{ Homing rate

Low /

\_

7

Low

High ‘

Low /

Sensitivity
analysis

SIMULATION
COMPUTATION

x10 replicates

3**3*2*10 = 360
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? Simulated distributions

Observation of the pristine
distribution of American shad
over 1900-1950

Simulated distribution of
American shad in summer 1925
using the GR3D model under the
Rl hypothesis

Simulated distribution of
American shad in summer 1925
using the GR3D model under the
RIO hypothesis

LogL
Spawner abundances

Number
of metapopulations

-18.2 + 174

7.38 x 10° + 0.56

19.9 + 7.43

-12.4 + 8.88

9.29 x 10° + 0.57

21.4 +7.84
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2 Influence of dispersal and reproduction

Table 1. Comparison of the ANOVA global sensitivity index (TSI) for the different
input factors on the 3 model outputs under the two hypotheses regarding shad

distribution at sea

. Survival . Survival
Homing Allee  Straying after Homing Allee  Straying after
effect  distance . effect  distance .
spawning spawning
LogL
23.25 84.88 0.15 0.57 16.12 84.39 0.22 0.29
Number of

metapopu- 28 021 016 |(99.18] 076 002 0.02
lations

Spawner 1631 052  6.09 145  1.30 3.60
abundances
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2 Influence of dispersal and reproduction
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9 Conclusions
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RECOMMENDATIONS

saAnoalqo

O Consideration of trophic migration routes at sea

important for more realistic models

O Large-scale modeling approach - consider the
interdependencies between river basins through
dispersal abilities

< In a climate change context, dispersal abilities are

closely related to range-shift dynamics (Thomas et al.
2004)
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