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What structure for the CJM population?

THE SIX SCENARIOS LISTED BY SPRFMO (2008)

Characteristic | Observation / condition Supporting| Contradicting | Incompatible . . . .
(condition) nb with Scenario 1. Single discrete populations
1 No genetic evidence is found to 1,56 2,3,4 2 a g o
differentiate fish caught in different Scenario 2. Two discrete populations (off Peru and Chile) (a)
regions ranging from Peru to Chile and A R 8 i
glons raneine Scenario 3. Two discrete populations (coastal & high seas)
onto the high seas S
2 No clear segregation in otholith 1 24 Scenario 4. Network of closed populations
biogeochemistry was found for . . .
juveniles to distinguish between fish Scenario 5. Superpopulation (= patchy population)
caught in Peruvian or Chilean waters. c o
3 There is a high degree of similarity in 1,5 M' MetapopUIatlon (b)
length distribution from Northern Chile|
and Southern Peru catches
4 Strong cohorts appear alloverthe | 1,5 (a) no exchanges between sub-populations
Pacific
5 Only a continuous and permane| 9 Based on an analyses of the metazoa | 2,4,6 1 (b) eXChangeS between su b‘popUIat|0nS
distribution of adult fish is shown parasite fauna, a small difference
Chile between fish off Peru and the Chilean
[ A certain degree of segregation i coast is observed
otholiths biogeochemistry was f 10 A difference in age distributioninthe | 2,3,4,6 |1
for adults to distinguish betweer catch taken off Peru and of 1
ht off 3 chil ) Chile is observed
C?UE to Pleru and Chile - seas is observed 14 Spawning is observed in multiple 2,3,4,6
7 Differences in growth and estim 11 A difference in estimated r
. . patches / areas throughout the South
growth parameters are observed product-lwty, obtained fro Pacific and is not limited to 71 Observations show local spawning 4,6 1,5
bet}Neen flsh.caught off Peru an results, is observed I:!etwe spawning area activity inside New Zealand waters.
8 A dlffelrence in encountered nat assessments selparapng th 15 Analyses show that the 20 Most catches correspond to large and
mc:rta.llty between fish off Peru and So.uthern f|sherr|es . first captured off Chile, ma old Jack mackerel
Chile is observed 12 The exlst(ince cha few—f,sl migrated under a strong La 22 Analyses of the trend in population 3 1,5
b‘-‘tW‘-‘f-"" 19-22° South is into Peruvian waters in the units, based on assessment results
acoustic and catch geo-ref 2011 separating Peruvian and other catches,
In addilt:lor:],.thedpre.dicted 16 Substantial connectivity be do not show a close synchrany in
§oe{5ta al |t-at ulrlllwg part Chilean, Coastal and Peruy| development
hn;ll‘: ex‘tenstve mixing. 17 The spatio-temporal SEAP 23 !\Jo exter.wsive connf_-ctivity between fish| 6 1,5
13 Adi e;en;e in encc;‘unhte: parametarized for Jack ma in Per.uwan and Chilean \-Naters ar to
mortality between fish o that the distribution of ad the high seas except during strong El
. . ) . Nifio when there is a flux from offshore|
juvenile fish is also oriente . + and tht rth
perpendicular to the coast 7 Jo ?as in slo.u 0.30 d. bighi 15¢
18 A recent eastward shift in aF mackere I.S COI'\‘SI ereda ) _Ig ¥ r
R . migratory species with the ability to
area of the main catches in ) . R
migrate between potential habitat
central area of the South P atches
S H 1 H been observed with limite b - -
Ce n a rlo IS t e m Ost | e y X 25 The heterogeneous habitat owing to 5
of Jack mackerel outside Cl .
. the Humboldt current system results in
(b t 2 ver 27 h r t ri ti jurisdictional areas. L e 0 s,
u ove characteristics \_ 19 Obse"'at'c'”_s of spawning 26 No connectivity between coastal Chile | 4 1,6
. . from the Chllea'_" coast UF and high-seas fish, no connectivity
a re Stl I I CO nt ra d |Ct0 ry) 20 At lea spEwnin| between Peru and high-seas fish
defined) = 27 Habitat is only partly fragmented 6
throughout the year. There is no
fragmentation between habitat off
Chile and onto the high seas
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The next question: are metapopulations, as they are currently
defined, relevant in the case of pelagic populations?

Habitat is a key tool for studying
and defining population structure

Habitat suitability

The CJM habitat described in the
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Habitat suitability

From single population to several discrete populations:
Definition of the four main stages of population structures
in a continuum as described using the Basin Model from McCall

continuum
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<4—— Maximum volume of habitat .
metapopulations

<4—— Minimum volume of habitat

A. Single population (no discontinuity between the patches)

B. Populations connected by habitat overlappings; existence of a source

C. Populations connected by exchanges of individuals only; existence of a source
D. Multiple independent populations (populations never connected)

Only cases B and C represent metapopulations

Case B: Environment-Bounded Habitat metapopulation (EBH)
Case C: Territory-Bbounded Habitat metapopulation (TBH)




If the species lives inside a territory

A

A few definitions for TBH and EBH

Global distribution area =

Suitable habitat (mobile and
variable conditions of local
environment)

Unsuitable habitat (mobile and
variable)

Territory (limited and
invariable area)

Part of the territory excluded
from the habitat by the
environment

Surface (mobile and variable)
of the territory favorable to
the habitat

Part of the suitable
environment excluded from the
habitat by the territory




TBH metapopulations vs. EBH metapopulations : definitions

The “territory-bounded habitat” (TBH) metapopulation: environment changes
within the territory induce changes on the surface of the suitable habitat up to
the territory border. Exchanges between populations by passive transport of
individuals or active behaviour.

The “environment-bounded habitat” (EBH) metapopulation: the only limit of
expansion is the area where favourable conditions of the local environment are
found. Exchanges between local and global scales are achieved by large
hydrological events, e.g. currents, eddies, etc. The suitable habitat may expand
up to overlapping with other sub-population habitats




The effect of habitat type on population exchanges

Case B: Environment-bounded Habitat

Case C: Territory-bounded Habitat
metapopulation

metapopulation
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D Maximum distribution area

O Territory limits
Source population (low distribution) O Other sub-population (low distribution)

Local favourable environment occupied (a) or out of access (b)



HISTORY OF A ENVIRONMENT-BOUNDED HABITAT METAPOPULATION

Metapop Speciation Lost niches Recovery Single pop. I\/Ielapop
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Abundance

Level 0: death of the species . . .
. . . . Phase A: metapopulation situation
Level 1: level of abundance below which sub-populations are unlikely to survive . ) . .
. . Phase B: recovering of niches; single population
Level 2: level of abundance above which speciation cannot occur - .
. . . . Phase C: speciation and loss of niches
Level 3: all sub-population merged, no metapopulation during a while.



HISTORY OF A TERRITORY-BOUNDED HABITAT METAPOPULATION
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Abundance

Level 0: death of the species

Level 1: level of abundance below which sub-populations are unlikely to survive

Level 2: level of abundance above which speciation cannot occur
Level 3: all sub-population merged, no metapopulation during a while.

Phase A: metapopulation situation
Phase B: single pop. (does not occur in TBH)
Phase C: speciation and loss of niches




The “pelagic fish metapopulation” :
an EBH-metapopulation, where:

Three of the four necessary conditions for metapopulation existence (Hanski 1999) are
fulfilled:

- discrete-breeding populations;

- risk of extinction for some or all populations;

- recolonization possible.

- On the contrary asynchrony in local dynamics does not permanently apply.

Other typical characteristics
- differences in scales between local and regional effects of the environment;
- existence of source-sink populations;
- autonomy of sub-populations and limited genetic exchanges.

Exchange or colonisation

- conventional exchange of individuals by straying, learning and entrainment;
- habitat overlap.

Substantial changes in population abundance due to synchrony between sub-populations
during periods of large abundances. Asynchrony is the rule during depleted periods.

We conclude that the Chilean Jack Mackerel is indeed a pelagic metapopulation.




CONCLUSION ¢ muy personall)
Abundance dynamics (and risks) in an exploited EBH metapopulation

EBH abundance Time “We make a distinction between a depleted and a collapsed population,
where, in addition to biomass depletion, the latter includes damage to
c A l \B contingent structure or space-use pattern.” Petitgas et al., 2010
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