
Introdution First example: Benthi speies resiliene to extreme stresses Seond example: essential habitats for amphihaline speies Conlusion

METAPOPULATION MODELLING : A

TOOL FOR CONSERVATION BIOLOGY

GUIZIEN Katell

Laboratoire d'ECOgéohimie des environnements Benthiques, Banyuls/mer, Frane

ontat: guizien�obs-banyuls.fr

Workshop AMP, Juin 2013, Marseille

GUIZIEN Katell guizien�obs-banyuls.fr

METAPOPULATION MODELLING : A TOOL FOR CONSERVATION BIOLOGY



Introdution First example: Benthi speies resiliene to extreme stresses Seond example: essential habitats for amphihaline speies Conlusion

◮ Existene of alternate dispersive/sedentary

stages in speies life yle may lead to

meta-population funtioning

population 1

population 2

CONNECTIVITY

population i

Metapopulation

Dispersive stage frequent during repro-

dution of sedentary adult

• terrestrial plants : pollen, seeds

• marine benthi invertebrates

• some �shes

but also dispersive adults an

be onstrained by reprodution

in spei� habitat

• some insets

• amphihaline �shes

• jelly�sh

Does losses during disper-

sive phase endanger popu-

lation persistene at a re-

gional sale (the metapop-

ulation sale)?
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◮ The early metapopulation model of Levins

(1969)

Assumptions

in�nite number of pathes of

the same size and quality =

highly fragmented habitat

desribe p the fration of

path oupied by one

speies (not abundane)

dispersal and extintion are

spatially homogeneous

dp

dt
= mp(1− p)

︸ ︷︷ ︸

colonization

− ep
︸︷︷︸

extinction

Metapopulation equilibrium p∗

⇐⇒
dp

dt
= 0

⇒ p∗ = 1− e/m

p∗ > 0 if and only if m > e
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◮ Hanski and Ovaskainen model (2000, 2003)

Assumptions

�nite number of

pathes but still

highly fragmented

habitat

desribe pi the
probability of speies

presene in eah

path i with area Ai

dispersal and

extintion are

spatially strutured

dpi

dt
= Ci(t)(1 − pi)

︸ ︷︷ ︸

colonization

− µipi
︸︷︷︸

extinction

assuming µi = e/Ai and

Ci(t) = c
∑

j 6=i exp(−αdij)pj(t)Aj

with

c olonisation parameter

α average distane of migration

e extintion parameter

Metapopulation viability

⇒ leading eigenvalues of

M = [exp(−αdij)AiAj ] is larger than e/c.
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◮ Hastings and Botsford model (2006)

Assumptions

�nite number of

pathes

desribe

N(t) = [Ni(t)] the
abundane of speies

adult in eah path i

dispersal and

survivorship are

spatially strutured

N(t+ 1) = CN(t)

where C a matrix de�ned by:

Cij = bjtijai + sijδij

with:

bj reruitment suess in path j

tij propagule exhange rate from path

i to path j

ai propagule prodution rate in path i

sii adults survivorship rate in path i

Metapopulation viability

⇒ leading eigenvalues of C is larger than 1.
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◮ Age-strutured metapopulation models (M2

Belharet, 2011)

Assumptions

�nite number of

pathes

desribe

N(t) = [Ni(t)] the
abundane of a

speies juveniles and

adults in eah path

i

dispersal is spatially

strutured

sexual maturation

and maturation are

spatially uniform

Two stages in eah path i,

∂Ji

∂t
= −cJi −mJJi + (ωM [T (τ).A].rU)δ(t, τ)

∂Ai

∂t
= +cJi −mAAi

with:

cJ sexual maturation rate of juveniles

Tij propagule exhange rate from

path i to path j

ω propagule prodution rate

r reruitment rate

mJ ,mA, M juveniles, adults and

larvae mortality rates
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◮ Benthi speies reproduing with planktoni

larval dispersal: onnetivity-driven resiliene ?

distant colonisation

current

local retention

sexually mature adults

fertilized eggs competent larvae

spawning
fertilization recruitment

losses by
mortality and

predation

pelagic dispersal

losses by mortality
and predation

juveniles

2n

n30

1

n

n

population 1

population 2

CONNECTIVITY

population i

Metapopulation

• Antropogeni stresses >
Habitat loss

• Climati stresses >
Reruitment failure
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◮ Meta-population dynamis modelling:

adapted from Hastings and Botsford (2006)

Assumptions

desribe

A(t) = [Ai(t)] the
abundane of speies

adult in eah path i

�nite number of

pathes

onnetivity and

survivorship are

spatially strutured

density dependene

and stohasti

onnetivity

A(t+∆t) = min(G(t)A(t), Amax)

where G a matrix de�ned by:

Gij = aiCij(t)bj + sijδij

with:

ai propagule prodution rate in path i

Cij propagule exhange rate from

path i to path j

bj reruitment suess in path j

sii adults survivorship rate in path i

Amax arrying apaity
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◮ Appliation to soft-bottom polyhaetes in the

Gulf of Lions: Connetivity matrix

Longitude (degrees)

L
a
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northern current
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dominant winds large-scale current

Gulf of Lions’
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Weather foreast model (Météo-Frane

ALADIN)

> Coastal irulation model

(CNRS-INSU SYMPHONIE)

Lagrangian larval dispersal modelling

neutrally buoyant larvae with

PLD = 3-5 weeks

32 spawning sites along the

20 m isobath

20 spawning periods of 10 days:

January to April (100 days) in

2004 and 2006
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◮ Appliation to soft-bottom polyhaetes in the

Gulf of Lions: Demographi parameters

survivorship is spatially uniform : sij = ln(0.01)/LE where LE is

speies life expetany

propagule prodution rate is spatially uniform over the region:

ai = 3.75 103 larvae per adult

reruitment suess is spatially uniform over the region: bj = R

site arrying apaity is based on adult size L: Amax = 10/L2
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◮ Minimum reruitment suess R for persistene

Without onnetivity:

the losed populations hypothesis
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With onnetivity:

the metapopulation hypothesis
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Minimum reruitment suess R required for speies persistene at the

regional sale is redued by a fator 5 on average by onnetivity
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◮ Regional resiliene of a short living speies to

anthropogeni stress

Oil spill starting in the main regional ports

and destruting habitat while spreading
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◮ Regional resiliene of a short living speies to

limati stress

Storm swell with di�erent origins auses

reruitment failure at di�erent frequeny
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◮ Amphihaline speies reproduing in rivers :

is the river the essential habitat ?

GUIZIEN Katell guizien�obs-banyuls.fr

METAPOPULATION MODELLING : A TOOL FOR CONSERVATION BIOLOGY



Introdution First example: Benthi speies resiliene to extreme stresses Seond example: essential habitats for amphihaline speies Conlusion

◮ Coupled meta-population / DEB model

Dynami Energy Budget model : balane between energy loss due to

ounter-urrent swim and energy gain when feeding
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◮ Annual reprodution requires energy gains

during dispersal whatever larval mortality
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◮ Appliation to the Gulf of Lions: Alosa fallax
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◮ Fish behaviour and essential habitats

Passive behaviour Ative behaviour
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◮ Take home messages

onnetivity enhanes resiliene populations at regional sale

onnetivity an spatially struture speies vulnerability to extreme

stresses like habitat destrution and reruitment failure

new essential habitats identi�ation bene�ts from metapopulation

point of view

Thank for your attention
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