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[ ¢ 8l  Spatially-Explicit Individual-Based Numerical Model

Multiple Linked Population Dynamics Models
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The Model

Individual Genetics:

*Based on parental genotype
*Offspring created by meiosis




The Model

GENETICS

Larvae can:
*Experience mortality
*Remain within source population

*Disperse

*Informed by coupled particle model
(larval growth-behaviour & ROMS?*)

*Narvaez, D.A. et al. In Press Journal of Marine Research



The Model

GENETICS

LARVAL DISPERSAL

Recruits will:

*Grow

*Experience mortality or fishing
*Change sex
*Spawn




The Model

GENETICS

LARVAL DISPERSAL

SPATIALLY EXPLICIT
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Delaware
Bay

*Delaware Estuary

*Qyster Fishery

*Eastern Oyster (Crassostrea virginica)

*Stock Assessment

soyster timeseries 1953-current
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39.5" N Neutral Marker Alleles

Used to track genetic
connectivity over time

Delaware Bay

39.0 N : -




Is larval dispersal or post-settlement

processes more important to genetic
connectivity?

* Genetic connectivity Is influenced by:

— Relative mortality T, -
— Relative abundance | , =
E
= - - - 10
: WA HNR [
- Q EY % ‘%
2 %
-0.2 -

Munroe, D., J. Klinck, E. Hofmann, and E.N.P Powell. 2012. The role of larval dispersal in
metapopulation gene flow: local population dynamics matter. J. Mar. Res. 70: 441-467.




How do fisheries influence genetic

connectivity?

Questions

What role do MPAs play in genetic
connectivity?
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How do fisheries influence genetic connectivity?

ulation 1 Allele

{ Population 2 Allele
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How do fisheries influence genetic connectivity?

ulation 1 Allele

| Population 2 Allele
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Seed And Sack Fishery

« Seed fishery - no lower size limit

« Sack fishery - lower size limit
— 63.5 mm (2.5 inch)
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Photo Credit: Louisiana Department of Wildlife & Fisheries




Simulated Allele Change Compared to Base Case

How do fisheries influence genetic connectivity?

0.1 - m NonSelective Fishery (SEEd)

0.05 +
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<0.25 =

NonSelective < Size Selective Fishery

allele change versus Base Case
on averaage 3.5 % lower allele frequency

B [ower Size Limit Fishery(Sack)

Paired T-test

P 0.025
T -2.09
df 18
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What role do MPAs play in genetic connectivity?
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What role do MPAs play in genetic connectivity?




Summary

Fishing:

* Increasing fishing decreases allele export

N

Allele Export

— True for both fishery types

Fishing Pressure




Summary

Fishing: 2

* Increasing fishing decreases allele export ”iﬂ

— True for both fishery types =
Fishing Pressure

g

« For a given regime/area, and keeping fishing X

rate constant, non-selective fisheries lead to a @

greater decrease in allele export %E’

— On average, 3.5% lower Fishing Pressure



Summary

MPAS:

« MPASs can enhance protected area genotypes

Allele Export

— Especially with high surrounding

fIShlng pressure Fishing Pressure
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Home » News « “we got a year's worth of

News | More Scince $rwest 2] | Hie precipitation in those two
Disaster's Aftermath: Assessing months.”

Hurricane Irene's Damage «  “Some streams... saw peak
Scientists from some of the areas hardest hit have now had time to |eve| S th at were 300% h |g her
evaluate the storm's dramatic geologic effects on their home states . »”

By Andrea Mustain and OurAmazing Planst | October 14, 2011 than h I g h -Water reCOrdS

Montclair State

J Share () Email & Print 1 Z Next >

“The flood was so massiveit
pushed all the salt water out
into the ocean”

— Douglas A. Burns, U.S.
Geological Survey

MINNEAPOLIS — Less than two months
after Hurricane Irene barreled up the
eastern coastline of the United States, a
group of scientists from some of the areas
hardest hit presented evidence of the storm's
dramatic geological effects on their home
states.

Researchers from Pennsylvania, New Jersey,
New York and Vermont took to the podium
at a meeting of the Geological Society of
America, to discuss what they've learned
since the massive storm swept across the landfall over New York City. For much of New

Northeast. England, the extreme damage was still to come.
Image: NASA/NOAA GOES Project

EYE FROM THE SKY: Hurricane Irene makes

The numbers that are emerging, not

http://www.scientificamerican.com/article.cfm?id=hurricane-east-coast-damage



Low Salinity Anomaly 2011

* High snow melt in spring
Hurricane Irene
* Tropical Storm Lee

Average Salinity Over Oyster Beds
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From: D. Bushek - Annual Dermo Monitoring Program
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Impacts on Oysters

ssssss

Upbay mortalities extremely high

— 60%*

Mortality biased to large animals

— Mortality of market-size oysters ~ 76%*

5 N

How will these changes impact oysters?

How Ion will these effects last?

O N

*Powell EN, et al. 2012. Report of the 2012 Stock Assessment Workshop (14th SAW) for the New
Jersey Delaware Bay oyster beds. Port Norris, NJ: Haskin Shellfish Research Laboratory Report.
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Upbay

Abundance

Downbay

Population 1
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Population 2
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Population 1 - Post-Flood Simulated Length Frequencies

Frequency
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Population 1 - Post-Flood Simulated Length Frequencies

Frequency
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Population 1 - Post-Flood Simulated Length Frequencies

Frequency
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Post-Flood - What we might expect:

*Reduced length frequencies & abundance upbay ~10 years

* No change to gene flow (neutral alleles only)

Economic Projections*:

Estimated $5.3 million direct loss to fishermen

These projections do not account for loss of production downbay deriving from transplanted oysters
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Simulation . Stock Assessment
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Is larval dispersal or post-settlement
processes more important to genetic
connectivity?

How do fisheries influence genetic
connectivity?

What role do MPAs play in genetic

connectivity?




Is larval dispersal or post-settlement

processes more important to genetic
connectivity?

* Genetic connectivity Is influenced by:

— Relative mortality
— Relative abundance

*Munroe, D., et al. 2012. The role of larval dispersal in metapopulation gene flow: local
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population dynamics matter. Journal of Marine Research. 70: 441-467




How do fisheries influence genetic

connectivity?

L S
Increasing fishing decreases allele export % \
— True for both fishery types ﬁ
<
Fishing Pressure
Non-selective fisheries lead to a greater 8
decrease in allele export ®
— On average, 3.5% lower %

-

Fishing Pressure



What role do MPAs play in genetic

connectivity?
MPAs can enhance protected genotypes 8
— Especially with high surrounding fishing ui;
S
<
o 180 - Fishing Pressure
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% 100

Fishing Rate Outside MPA




