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Motivation

Tagging studies:
Yellowfin tuna in Hawaii - restricted movement

(Holland et al. 1990, Itano and Holland 2000, Dagorn et al.
2007)

Analysis of otolith chemical signatures

Local origin for subadults
(Wells, Rooker, Itano, 201 1)

Objective

Patterns of YFT early life stages dispersal and retention

Retention affected by:
Biological traits! Seasonality! Major dispersal pathways!?
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Spawning Season 2009-201 |
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Ontogenic Vertical
Migration

Matsumoto 1958, Leis 1991, Boherlet and Mundy 1994,
Margulies et al. 2007, Llopiz 2009
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Matsumoto 1958, Leis 1991, Boherlet and Mundy 1994,
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Ontogenic Vertical
Migration

Matsumoto 1958, Leis 1991, Boherlet and Mundy 1994,

Margulies et al. 2007, Llopiz 2009
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Optimal Turbulence

Margulies et al. 2001, Kimura et al.
2004, Margulis et al. 2007
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Mortality and Turbulence

Optimal Turbulence Survival of larvae at 10

Margulies et al. 2001, Kimura et al. m depth

2004, Margulis et al. 2007 enhanced by surface wind
velocities from 2.6 to 3.5 m/s

Margulis et al. 2007
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Mortality and Turbulence

Optimal Turbulence

Margulies et al. 2001, Kimura et al.
2004, Margulis et al. 2007
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Mortality and Turbulence

Optimal Turbulence

Margulies et al. 2001, Kimura et al.
2004, Margulis et al. 2007

Bos ot i e o NN

F et d— e e e e —— — — C— —— ——— —— —— —— ———— e L T S N

= A e e O e de A e T T e B S ——

-— e — — —— e— e e

[ RS oty
A N

IS N N N U U S P S S
= R O e R T T
B e e T T e e S T S S
owe s v v ow w W e

v w ow s s W v

NSNS N v v w

[ SR S e .

NS S S S S s

R e e e T N A S

B T T S A L SR AU S

[ SRR R R S s

B T L S

N — L . e o e

!
|
t
t
!
f
t
f
f
t

e e e e W . e G —— —— —— —— —— —— —— — —

t
t
t
o e
[ AT

t
/

t
it Hadli
/eI

t

5 e/
U T A
AT 7/

DD A

!

-—

-—

-——

-———

A N S

-—
-—
-
-—

1

t

!

1
It

!

t
t
t

/
/
/
!
/
4
/A
/
/
/
/

{ I

AT

N N N N NS R N e =
L e

NN

— —

-— —

——

——

LN N N S S N N S
NN N N N
L A N
NN R N TS e
NN NN NSNS
NN NN N NN N N N
PN RN N N TS N
NN NNNNN NSNS
LS S SRS
N NN R NURONOR NN
N A N R R
N N N S
NNNNRNSNSN NSNS
AR s e ]
NN NN RN R R R NN
NN NN RN RN NS
N N N N N T
N S
AN N S

AN

e

ey /L
/
/

o
~
-~
s
s
3
Tl
U
N
-
-
-—

I, [ !/

e e e A e e
— N e ..

D s S

-
-
-~—
-—
-~
~
-

Al
1

/

T N A R s

Survival of larvae at 10
m depth

enhanced by surface wind
velocities from 2.6 to 3.5 m/s

Margulis et al. 2007

Regional wind
Tu and Chen 201 |

Mortality Index

Tuesday, November 27, 2012



Mortality
Schemes
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Monthly
variability
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Variability of Dispersal Pathways
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Average Dispersal Pathways

eeeeeeeeeeeeeeeeeeeeeee



Average Dispersal Pathways
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Average Dispersal Pathways

70% of retention
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Directional Behavior

Staaterman et al. 2012 |TB
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Directional Behavior
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Larvae 200 km around the islands:
detect nearshore environment




Directional Behavior

Staaterman et al. 2012 |TB

Larvae 200 km around the islands:
detect nearshore environment

Swimming capabilities:
increase with time
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Directional Behavior

Staaterman et al. 2012 |TB

Larvae 200 km around the islands:
detect nearshore environment

Swimming capabilities:
increase with time

Preliminary simulations:

Spawning on leeward Hawai'i
May/2009




Directional Behavior
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Conclusions

Ontogenic vertical migration and mortality
schemes:
did not significantly affected the number of retained
larvae

No seasonality of retention:
other factors shaping spawning

High variability of dispersal pathways:
however, environment around Hawai’i is conducive for
retention

Directional swimming behavior
can increase the retention around the islands
will be further investigated
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Directional Behavior

Correlated random walk (Codling et al., 2004)

Larvae seeks “target destination”
Success depends on:

|) strenght of the cue

2) maximum detection distance, Beta
3) swimming speed S

4) ability to navigate in a turbulent flow
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Based on:
|) current larval direction (based on travel from

previous time step to current, angle)
2) distance from target (must be smaller than Beta)
3) preferred direction (angle between current position

and the target destination)
4) cue strength

Larvae will receive a bearing from a von Mises
distribution (theta)

uorient=S*cos(theta)
vorient=S*sin(theta)

Tuesday, November 27, 2012



Trajectories

No directional Directional behavior
behavior swimming velocities of 20cm/s
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Mortality and Turbulence

Optimal Turbulence

Margulies et al. 2001, Kimura et

al.2004, Margulis et al. 2007

Boundary Layer Model

McKenzie and Legget 1993,
McKenzie, 1995
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Mortality and Turbulence

Optimal Turbulence

Margulies et al. 2001, Kimura et al.
2004, Margulis et al. 2007
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Mortality and Turbulence

Optimal Turbulence Boundary Layer Model

Margulies et al. 2001, Kimura et al. McKenzie and Legget 1993,
2004, Margulis et al. 2007 McKenzie, 1995
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Mortality and Turbulence

Optimal Turbulence Boundary Layer Model
Margulies et al. 2001, Kimura et al. McKenzie and Legget 1993,
2004, Margulis et al. 2007 McKenzie, 1995

Survival of larvae at
10 m depth

enhanced by surface wind
velocities from 2.6 to 3.5 m/s

Margulis et al. 2007
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Mortality and Turbulence

Optimal Turbulence Boundary Layer Model

Margulies et al. 2001, Kimura et al. McKenzie and Legget 1993,
2004, Margulis et al. 2007 McKenzie, 1995
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Ontogenic Vertical Migration
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Ontogenic Vertical Migration
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Island
Variation
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Random dispersion - diffusivity of 500m2/s
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Evolution of
dispersal
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Notes to myself:

What is the size of a 30 day YFT larvae?
(16 cm tagged animal)
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