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4-day outline

Convene:

Introductions and opening remarks

« Agendareview, TOR, task assignments

Presentations:

PIFSC Overview by Sarah Malloy (representing Directors
Office)

FMP issues related to connectivity

Brief historical overview of relevant connectivity
research in Hawaii

General discussion of data and methods

Present review documents

ldentify additional analyses, sensitivities, corrections
Present ongoing and future work

Continue deliberations, as needed

Pacific Islands Fisheries Science Center Pago Pago Room, Imin Center

Ecosystems and Oceanography Division May 19-22, 2008
5/1/2009 1:12 PM Kobavashi CIE Review Panel Presentation Slide #2 of 146



PIFSC Overview

Presented by:

Sarah Malloy, Management & Program
Analyst, Directors Office, Pacific
Islands Fisheries Science Center.
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EOD - Ecosystems & Oceanography Division

— Eleven staff under Division Chief Jeffrey Polovina.

Melanie Abecassis, Ray Boland, Eric Cruz,
Reka Domokos, Don Hawn, Evan Howell,
Don Kobayashi, Lucas Moxey, Frank Parrish,
Su Situ, Hidetada Kiyofuiji.

— EOD relies heavily on satellite remotely-sensed data and modeled
data products (CoastWatch program administers much of this data
via new LAS), and other technologies such as satellite tags,
active/passive acoustics, mixed-gas diving, submersibles, and
computer simulation modeling.

— Recent EOD research include protected species (sea turtle, seabird,
cetacean) bycatch in the pelagic longline fishery, sea turtle and
monk seal foraging ecology (crittercam), deepwater coral
communities, fishery oceanography of tunas and billfish, stock
assessment of deepwater bottomfish, ecosystem modeling, acoustic
surveys to assess fish and fish forage, and larval transport and
connectivity modeling.
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Hawaillan Archipelago
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North Pacific Oceanography
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North Pacific currents
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Currents around Hawalill
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Connectivity in Hawalii

« Hawailan archipelago contains many important
ecosystems (coral reef, pelagic, deepwater
benthic, etc.). -

e Many endemic species (~20%). T

e Many species of commercial or political
Importance, several Fishery Management Plans.

. Conc_erns of p_opulgtlon declmes. and C’@fﬁ
recruitment failure in some species.

« Knowledge of connectivity for all species in all
ecosystems is vital in this spatial network of
habitats.
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Comparison of the Hawaiian Archipelago
EEZ with the mamland Umted States
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Figure 1. Map of the Pacific Ocean showing the approximate extent of fishing by
longline vessels managed under the Pelagics FMP based in Hawaii and American
Samoa.

noRl g Pacific Islands Fisheries Science Center Pago Pago Room, Imin Center

Ecosystems and Oceanography Division May 19-22, 2008
5/1/2009 1:12 PM Kobavashi CIE Review Panel Presentation Slide #11 of 146




Importance of connectivity to
effective fisheries management
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Challenges in insular species ecology
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Most insular fish and invertebrate species
have a complex life cycle with dispersive
eggs and larvae. Understanding population
dynamics is therefore problematic.
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Spiny lobster CPUE from NMFES research surveys
» 1990 decline linked to North Pacific climate/productivity eventl.
e Maro - large decrease with no recovery and no fishery.
. Necker : smaII decrease with recovery and sustalned fishery.
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Polovina, J.J., G.T. Mitchum, N.E. Graham, M.P. Cxaig, E.E. DeMartini, & E.N. Flint. 1994. Physical and biological consequences of a climate event in the central North Pacific. Fish. Oceanogr. 3(1):15-21.
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Cycle233 = January 14 - January 20, 1999
— 20cm/sec
Sea level altimetry and geostrophic currents using Topex cycle 233 data
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185
Sea level (cm)

noRR @ Pacific Islands Fisheries Science Center Pago Pago Room, Imin Center

Ecosystems and Oceanography Division May 19-22, 2008
1/2009 1:12 PM i i




Validation of Topex geostrophic currentst

Topex u
— Mooring u

1Chiswell, S.M. & D. Roemmich. 1998. The East Cape Current and two eddies: a mechanism for larval retention? N. Z. J. Mar. Fresh. Res. 32:385-397.
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Tao buoy isotherm depth and Topex sea surface height at 8°N - 155°W

—— Tao buoy daily depth of 20°C isotherm
—— Topex sea surface height
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Larval abundance map 12 months after July, 1994 release from Midway
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Larval abundance map 12 months after July, 1994 release from Maro
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Larval abundance map 12 months after July, 1994 release from Necker
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Larval abundance map 12 months after July, 1994 release from Oahu
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Larval abundance map 12 months after July, 1994 release from Midway

Larval abundance map 12 months after July, 1994 release from Necker
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Source of Recruitment
(percentage of total)

Midway Midway
54% Maro 7.5%
38%
Oahu
59 Oahu
20%
Necker
13.5%
Maro Necker
30.5% 34.5%
Recruitment to Maro Recruitment to Necker
(Retention=9.6%) (Retention=16.7%)
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1999 FI S h ery B u I I etl n p ap er \ : ercially : Application of TOPEX-POSEIDON satellite

altimetry to simulate transport dynamics of
larvae of spiny lobster, Panulirus marginatus,
in the Northwestern Hawaiian Islands,
1993-1996

« Used 10-day, 0.5 degree A T ey o
latitude/longitude i o
geostrophic flow fields
derived from Topex- o p—
POSEIDON altimetry.

« Found strong spatial
differences in retention
and influx of larvae from
other sites.

e Simulation results
helped explain lack of
recovery of northerly
fishing grounds.
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Estimated bottomfish habitat in Hawaiian Archipelago

Hoomalu Zone Main Hawaiian Islands

\ —
——
—

Kure Midway ~
=Pearl & Hermes Reef

—

~
Nero

+ Salmon Bank

Pioneer

Laysan Rajta  Gardner

LISIan;kI . £ ¢ Pinnacles
Northarnpion Maro

Reef

Frigate
Shoals Nuhau 2 PSaual
' ~Oahu

‘-, '» olokai
Fas S
Lanai ™"~ Maui
¥

¥ Hawaii

180° 177°W  174°W  171°W 168°W  165W  162°W  159°'W  156°W  153'W

Jan 30 07:56| Smith and Sandwell altimetry-derived bathymatry at 2 minute resolution, habitat range defined 30-200 fathoms, this is file dump_habitat_topo_6.2.ps

g Pacific Islands Fisheries Science Center Pago Pago Room, Imin Center
Ecosystems and Oceanography Drws:on May 19-22, 2008




Source of Recruitment

MHI Mau MHI
(89.9267%) e (77.6819%) (0.0664%) Tt R Mau
(0.9012%) (99.0705%) (0.9295%)
Hoomalu
(10.0721%) (22.2517%)
MHI - 3 months Mau Zone - 3 months Hoomalu Zone - 3 months
MHI
(74.1312%) (22.“4339%)
Hoomalu MHI Hoomalu Mau
(0.5082%) (0.057%) (99.9574%) (0.0426%)
Hoomalu
Mau 3
(25.3606%) (77.7331%)
MHI - 6 months Mau Zone - 6 months Hoomalu Zone - 6 months
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Overall recruitment pattern from all release sites, Topex 6 month duration
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Spawning source map for 3-month Mid-August settlement to Midway, Maro, Necker, and Oahu
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Main Hawaiian Islands closed areas for
deepwater bottomfish - State of Hawaii, 1998
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Summary of earlier work

o (Geostrophic current fields derived from TOPEX
satellite altimetry were used to drive advection-
diffusion larval transport models.

« The spiny lobster analyses showed that larval
transport dynamics may explain why the Maro
population has not recovered.

« The bottomfish analyses have been used to
supplement genetics information for stock
definition and population mixing.

« The models provide useful insights into

recruitment dynamics such as predictions of
high-recruitment areas or “sourcing” of recruits.
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General discussion of data and methods

 Review of oceanographic data.
 Review of Lagrangian methodology.
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Data Sources

o Satellite altimetry derived geostrophic currents
(Topex/POSEIDON, ERS, Jason, AVISO).

» OSCAR surface currents (NOAA).

« Naval Research Laboratory Layered Ocean
Model (NLOM), Coastal Ocean Model (NCOM).

« Regional Ocean Model System (ROMS), Hybrid
Coordinate Ocean Model (HYCOM).

e SST (MCSST, Pathfinder), ocean color (SeaWiFS,
MODIS), winds (QuikSCAT).

e UH tidal model data.
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eference map showing larval release locations
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Necker
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b month transport
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Naval Research Laboratory Layered Ocean Model
(NLOM, 1/16™ degree

|
po ﬁf =

Conclusion: Very good agreement
between NLOM and drifter buoys.
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Programming code

S-Plus (original) =>
QuickBasic (transitional) =>
Xbasic (present) =>
Java (future?)

Python (future?)
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-intuitive language
-support for large
multidimensional arrays
-good graphics

-good online user group
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-FREE!
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S HHEH T

'ROGRAM ' ¥ * 1-8 char program-file name without .x or any .extent
ERSION * version number — increment before saving altered program

You can stop the PDE from inserting the following PROLOG comment lines
by removing them from the prolog.sooc file in your “xb\xxx directory.

Prograns contain: 1: PROLOG — no executable code — see below
2: Entry function - start execution at 1st declared func
* = gptional 3: Other functions - everything else - all other functions
The PROLOG contains ¢in this order>:
* 1. Program name statement
Uersion number statement

3 Inport library statements

4. Composite type definitions

2 Internal function declarations

?

PROGRAN “prognane
N "'8.8088"
"lleame

TYPE <t END TYPE
DECLRRE/INTERNFIL FUNCTION Func Cargs)
- External function declarations EXTERNAL FUNCTION FuncMNanme {args)

- Shared constant definitions $%ConstantMame = literal or constant
. Shared variable declarations SHARED variable

sxzxxs Comment libraries insout as needed *wwsx

IMPORT ™ Math library
IMPORT Complex library
IMPORT Standard library
IMPORT GraphicsDesigner :
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complex number library C(trig. etc)
required by most programs

required by GuiDesigner programs
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Document presentations

« Document 1. Evaluating oceanographic
conditions encountered by individual
larvae.

e Document 2. Connectivity of Johnston
Atoll to Hawalian Archipelago.

e Document 3. Connectivity matrices for
Hawailan Archipelago.

e Document 4. Effects of diel vertical
migration on net horizontal displacement.
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First review document

 This paper examined
seasonal and interannual
variability in several
variables related to larval
survival.

« Used along time-series of
oceanographic data.

 Applied generalized additive
modeling to distill simulation
results.

1 and interans
dels (G
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Pelagic larval ecology -- “The average
fish dies in the first week of life””

 This underscores the importance of early life history
events.

« Small changes in survival can greatly benefit the
population, much potential for evolutionary “fine-
tuning” of reproductive strategies.

 Raises interesting questions about quantitative
approaches based on, and focused on “averages”;
and suggests focus should be on individuals.

e Are these very high mortalities purely stochastic or
can pelagic larval success be modeled and

predicted? * Gary Sharp (1983)
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Some major issues In larval mortality

 Physical transport issues, I.e., retention and loss.

Variety of remotely-sensed data products and ocean circulation model output can be
used to parameterize advective and diffusive processes.

« Growth issues, in the plankton bigger is generally
better as a predator deterrent.

Remotely-sensed sea surface temperature (e.g., AVHRR SST) can be used as a proxy
for estimating growth variability.

 Food issues, quality and quantity of forage is
Important, e.g., Hjort’s “Critical Period”, Cushing’s
“Match-Mismatch Hypothesis”, Lasker’s “ Stable
Ocean Hypothesis”.

Remotely-sensed Ocean color (e.g., SeaWiFS) can be used as a proxy for ocean
productivity and larval food availability.
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Track larval environmental conditions using an “individual-
based” approach with integrated exposure over entire PLD

Proximity index

Temperature index

Food index

60 90 120

Day of pelagic duration
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3-D visualization of larval success hyperspace
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Some of the major obstacles

« Most of the remotely-sensed data products come in
many flavors and can be very difficult to “crack”,
particularly ocean model output data. All of the
datasets utilized (currents, SST, ocean color, etc.) are
time-series of high resolution spatially gridded data,
extremely large files, and must be somehow “on tap”
during the simulations. The computational and
programming aspects of this project are potentially
very time consuming.

« Appropriate statistics and analytical techniques are
needed to process the anticipated voluminous output.
Obviously, standard parametric techniques dealing
with “averages” are not favored.
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Model parameterization

Larval distribution is a function of:

 Production processes (adult spawning
time, location, and amount).

 Dispersal processes (current patterns,
thermal environment, food availability,
and larval behavior).
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Adult spawning seasonality

« Many aquatic organisms release their
propagules in a seasonal pattern.

 Timing of spawning may be related to optimal
survival of propagules, i.e., spawn when the
larval habitat is most favorable.

 Three aspects of the larval environment will
be examined with respect to seasonality
(transport/loss, temperature, and chlorophyll-
a).
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Advection-diffusion model with
environmental fields

 Larval transport modeled in a lagrangian (individual-
based) approach using satellite altimetry derived
geostrophic flow fields (TOPEX/Poseidon/Jason ).

e Integrated exposure of individual larvae to temperature
using remotely sensed SST (Pathfinder).

e Integrated exposure of individual larvae to chlorophyll-a
using remotely sensed ocean color (SeaWiFS).

5000 releases from each combination of:
» 4 spawning locations (Midway, Maro, Necker, Oahu)
« 11 spawning years (1993-2003)
« 12 spawning months (January-December)
« 3 pelagic larval durations (3, 6, 12 months)
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Data capture and analysis

« For each combination of 5000 releases, the following data
were recorded:

« Number of larvae retained at release site.

« Number of larvae reaching Oahu.

« Number of larvae not reaching any of the 4 sites.
* Integrated SST exposure of retained larvae.

 Integrated chlorophyll-a exposure of retained larvae.

« The time-series or integrated encounter history cannot be
simply proxied by any other means! (sequence, duration, etc.)

 Generalized additive models (GAMs) were used to identify
correlative factors for each of the above.
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Generalized Additive Models (GAMSs)

Simple linear models attempt to
parameterize the underlying
processes with functions

B e X faH Ao
ssumpuans of m&grftiy and/or

Punctlortlrs or the additive
c‘c:’xrr%noenglrits and can be linear if
the data warrants.

GAMs can accommodate a wide
variety of continuous or discrete
data for both heuristic and
predictive purposes.

Predictor variable #2 range

Predictor variable #3 range
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Summary of generalized additive
models (GAMs) performed

Response variables: Predictor variables:

Larval retention, Year, Month, Site, Duration
Larval settlement at Oahu,
Larval non-settlement,

SST history of retained larvae,
Chlorophyll-a history of retained
larvae
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Larval Retention — Effect of Pelagic Duration
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Higher retention at shorter
larval durations.
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Larval Retention — Effect of Month
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Larval Retention — Effect of Year
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settlement at Oahu — Effect of Site
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Proximity effect for
larvae reaching Oahu.

Necker Oahu
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Larval loss — Effect of Pelagic Duration
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Larval loss — Effect of Site
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SST History of 3 & 6 Month Retained Larvae —
Effect of Month
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SST History of Retained Larvae — Effect of Site
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SST History of Retained Larvae — Effect of Year
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Chl-a History of 3 month Retained Larvae —
Effect of Month
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Chl-a History of 6 month Retained Larvae —
Effect of Month
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Chl-a History of Retained Larvae — Effect of Site
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Chl-a History of Retained Larvae —
Effect of Year
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3-D visualization of larval success hyperspace
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Conclusions

 Larval retention, transport, and potential non-settlement were
found to be strongly related to pelagic duration, spawning
location, and seasonal & interannual effects.

« SST history was strongly seasonal with May-August peaks,
also strong spawning site relationships and interannual
effects. There were exceptionally low values at Midway, and a
trend of increasing values to the south.

« Chlorophyll-a history was strongly seasonal with April-August
lows, also strong spawning site relationships and interannual
effects. There were exceptionally high values at Midway, and a
trend of increasing values to the south.

« Midway was strongly impacted in both SST and chlorophyli-a
histories by its proximity to the South Subtropical Front, with
markedly reduced SST and elevated chlorophyli-a.
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Second review document

e This paper examined
potential larval transport DAt e
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Johnston Atoll

Anecdotal evidence from a variety of other taxa e.g.,
bonefish, damselfish, opihi, coral disease (Aeby,
pers. comm.; Bird, pers. comm.; Bowen, pers. comm.)
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1, 3, 6 month durations,
“larval containment reqgions”
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Transport and retention as a
function of larval duration
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North and South “Corridors”

Hancock Seamount

Ku_re Mldway
Nero Pearl & Hermes Reef

Salmon Bank

PIOFIEE[
aysan
Lisianski y Raita P?nar:gglzrs

177°'W 174'W 171'W 168°W 165'W

g Pacific Islands Fisheries Science Center Pago Pago Room, Imin Center
Ecosystems and Oceanography Drws:on May 19-22, 2008




Third review document

e This paper examined
connectivity across all major
geographic strata in the
Hawalian Archipelago.

« Used a year (2003) of Navy
NLOM data.

e Undergoing revision from
Marine Ecology Progress
Series reviewer comments.

noRl g Pacific Islands Fisheries Science Center Pago Pago Room, Imin Center

Ecosystems and Oceanography Division May 19-22, 2008
5/1/2009 1:12 PM Kobavashi CIE Review Panel Presentation Slide #87 of 146



Archipelagic connectivity
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Recent Modeling Approach

e Lagrangian, individual-based,
stochastic modeling framework.

— Parameterized by spawning location,
spawning timing, and pelagic larval
duration (PLD).

 Naval Research Laboratory Layered
Ocean Model (NLOM).

— Daily, 1/16t" degree latitude/longitude
resolution.

noRl g Pacific Islands Fisheries Science Center Pago Pago Room, Imin Center

Ecosystems and Oceanography Division May 19-22, 2008
5/1/2009 1:12 PM Kobavashi CIE Review Panel Presentation Slide #89 of 146



Connectivity Analysis
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Decoupled Retention and Reception
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Can we examine the strength of
each of these connections?
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Appendix Table 1A. Dispersal kernel matrix for 15 day PLD. Each cell represents probability of a larva leaving source location
and arriving at sink location using 2003-2004 NLOM daily currents. Highlighted diagonal cells represent natal retention.
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Source/sink dynamics and
NWHI Monument

A. 30 day PLD. B. 90 day PLD. C. 180 day PLD.
Probability of what reaches Probability of what reaches Probability of what reaches
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Metapopulation structure

 The next series of slides examine the
breakdown of “source” components at
various “sink” sites, assuming the
dispersal dynamics just presented,
merged into a simple multi-generation
computer simulation, starting from a
purely “native” population.

« Maro Reef, 6 month PLD, for example:
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Example snapshots at various points
generation time at Maro Reef

Generation 0 Generation 5

CYCIOIE SRS
e«%\ O \“""ﬁ&\ S
RO P
N/ ‘&

Generation 20

——-ﬁ--_ﬁ—. e -

o

"Qe, \\c,'?f @@'Z’Q? é -\\7’(\ SR

3O\ SRS
<

SO %’%M \\“%

ORI f&
@\Q@%'zr(g\ \00’5\6&

N &
S ""75: S

NP %

noRl g Pacific Islands Fisheries Science Center Pago Pago Room, Imin Center

Ecosystems and Oceanography Division May 19-22, 2008
5/1/2009 1:12 PM Kobavashi CIE Review Panel Presentation Slide #96 of 146




D 90 days, Generation 1000
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Metapopulation Simulation
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Distillation of results

e Ordination techniques, such as
nonmetric multidimensional scaling
(NMDS) is a useful technique to group
data and identify meaningful
dimensions for further examination.

 Next plot shows NMDS results from
metapopulation structure.

e Highlights the importance of PLD and
starts to delineate spatial affinities.
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Nonmetric multidimensional scaling (NMDS)
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15 day PLD Midway
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Archipelagic connectivity summary,
future work, and collaborators

New insights into the early life-history of insular species are
becoming available using computer simulation and
oceanographic data.

This will help towards understanding connectivity,
metapopulation dynamics, and the utility of marine protected
areas. Such knowledge will improve management and stock
assessment.

Future work will focus heavily on partnerships for ground-truthing
various model predictions.

Collaboration with other PIFSC research divisions, UH/HIMB
geneticists, oceanographers, and Australian researchers.
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Fourth review document

 This manuscript examined
the effect of diel vertical
migration on horizontal
transport.

« Used along time series of
AVISO altimetry-derived
geostrophic currents and
OSCAR surface currents.

 Undergoing revision from
Pacific Science reviewer
comments.
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Vertical migration manuscript

e Historically, movement models have been 2-
dimensional, examining areal transport.

e Incorporate vertical migration by allowing
differential exposure to either surface (OSCAR)
or deep currents (AVISO).

e Evaluate range from either all shallow to all
deep, with 3 intermediate strategies.

« Examine many sites, months, years, and PLDs.

 Similar analysis with GAMSs.
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Diel vertical migration behavior

* In the next slide we will see a single run for
demonstration purposes, with 3 color-
coded levels.

e Red denotes surface larvae.
 Blue denotes deep larvae.

e Yellow denotes a mixed tactic of 50% In
surface/deep.

 This is a single run for 3 month duration
mid-2002.
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GAM to evaluate effect of DVM
on retention

All sites and durations
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Example Distribution
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Vertical migration conclusions

& future
Vertical movement behavior was found to be
an important factor for retention.

Intermediate levels of shallow/deep were
found to be optimal.

This finding was robust with respect to

location, pelagic larval duration, year, and
month.

Incorporate daily NCOM with 18 layers
(upper 100m) for finer resolution model.

Incorporate the environmental fields as done
In earlier work.

Revise manuscript for Pacific Science.
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Ongoing and future
research initiatives

Explore newer circulation model data.
Comparison of models (e.g., NLOM vs. NCOM) .
Evaluate eddy diffusivity coefficient.

mprove boundary behavior.

ncorporate behavior — orientation & swimming.
Port code to Java and/or Python.

Development of connectivity web interface for
resource managers.
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Explore newer circulation
model data

« Navy Coastal Ocean Model (NCOM)*
 Tidal model (UH)*

e ROMS

e« HYCOM

@ Pacific Islands Fisheries Science Center Pago Pago Room, Imin Center

Ecosystems and Oceanography Division May 19-22, 2008
5/1/2009 1:12 PM Kobavashi CIE Review Panel Presentation Slide #111 of 146



1 degree OSCAR

<=

0.5 degree AVISO

1945
<=

1/16 degree NLOM

EREY «?
(s

=
uw
=
@
-

s 3
S
O
c o
£ 3
~ >N
£ 3
(@]
'
(@]
[@))
(4]
o
(@]
[@))
@
(al
-
Q
L ]
S
Q
O«
0.
m.m
ey
O 5
“$£
N
oL
y
mm
.mm
L3S
N>
T £
En
8
25
Q%
o >
_.l_-s
WO
Q
AW

Slide #112 of 146

Kobavashi CIE Review Panel Presentation

5/1/2009 1:12 PM



NCOM model, daily, 0.1 degree, 18
layers in upper 100m
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Example of NCOM transport

using vertical layers
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Compare NCOM to Sta. ALOHA data

(Dr. Sachiko Yoshida, UH IPRC) Zonal Velocity (m/s) Meridional Velocity (m/s)

km0515(HOT173)

Depth (meters)

—
1mis

36 24' 12158MoW48 36 ; i i
(Data processed at University of Hawaii) 2 = 3 J 2

Depth at Ac=0.125, AT=-0.5 (NODC)
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1 degree OSCAR
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UH tidal model, hourly, 0.01 degree, 3 layers
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UH tide model presently in 2 spatial domains

{= APDRC LAS for public users - Windows Internet Explorer
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Merging NCOM and tidal model

« One goal of the upcoming year, related to
possible CAMEQO proposal, is to merge the 2
products.

 This would allow simultaneous utilization of
good flow fields both offshore and nearshore
for any single trajectory.

« The superimposition would likely involve a
taper/weight function to allow smooth
transition.

 This has not been accomplished yet...
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Average tidal flow as function of depth
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Model comparison

 Johnston Atoll and connectivity
analysis utilized 2003 NLOM data.

« NCOM is more readily available now,
with vertical layers.

« Comparison is not complete, but some
preliminary findings.
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NLOM and NCOM current fields
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‘Shapshot” comparison of

NLOM and NCOM
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Eddy diffusivity coefficient

 This parameter determines how a
cluster of particles slowly disperse
iIndependent of currents.

e Presently using same 500 m? sec™ as
utilized in Polovina et al. (1999), which
was tuned to larval lobster catch
distributions.

 Refinement of this critical parameter
and sensitivity analyses are needed.
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Perform simulations with variable eddy diffusivity
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0 m? sec™! diffusivity
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Boundary behavior

e Earlier simulations ignored boundaries
or simplified complex shapes into a
series of squares or circles which are
easler to deal with computationally.

 Recent improvements utilize an
algorithm which analytically determines
If a Cartesian point is within a specified

polygon.
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EEZ example using squares
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Algorithm to determine If Cartesian
point is within a polygon

1030 REM *****G|]VEN A CLOSED CONTOUR (POLYGON) DEFINED BY THE NC POINTS WHOSE
1040 REM COORDINATES ARE IN VECTORS CX AND CY, THIS SUBROUTINE DETERMINES
1050 REM WHICH OF THE N WEIGHTED POINTS IN VECTORS X AND Y ARE ENCLOSED BY
1060 REM THE CONTOUR.

1070 REM THE VECTOR zkey IS RETURNED WITH A ZERO IN EACH ELEMENT CORRESPONDING
1080 REM (BY INDEX) TO AN ELEMENT IN (X,Y) THAT IS NOT ENCLOSED, AND A ONE

1090 REM CORRESPONDING TO EACH ELEMENT THAT IS ENCLOSED.

1100 REM .....THE WEIGHTS ASSIGNED EACH POINT ARE SUPPLIED IN VECTOR W.

1110 REM THE SUM OF WEIGHTS ENCLOSED IS RETURNED IN WINC. THE NUMBER OF POINTS
1120 REM ENCLOSED IS RETURNED IN NINC.

1130 REM .....THE ALGORITHM REQUIRES THAT THE CONTOUR BE CLOSED, AND THAT

1140 REM THE FIRST AND LAST POINTS OF THE CONTOUR VECTOR BE IDENTICAL.

1150 REM .....VECTOR zkey MUST BE DIMENSIONED AT LEAST N IN THE MAIN PROGRAM.
1160 REM ****x

1170 REM VERSION OF JAN 24, 1987

1180 REM ****x

1190 REM dim x(1), y(1), w(1), zkey(1), cx(1), cy(1)

1200 REM .....INITIALIZE

1210 LET ninc =0

1220 LET winc =0

1230 REM .....FIND MAX AND MIN COORDINATES OF CONTOUR

1240 LET xmax = cx(1)

1250 LET xmin = cx(1)

1260 LET ymax = cy(1)

1270 LET ymin = cy(1)

1280 FORi=1TO nc

1290011 F

12IJVU L1 }\L - b}\\l)

{ﬂy1%'&5’&:%Wﬂaﬁws*?"i%?iéﬁé@ﬁ@é@i@:@l@enter Pago Pago Room, Imin Center

%E@%ﬁgﬁn State@ %E:neuéngte:trglgaphy Division May 19-22, 2008

. __.5/1/2009 1 Kobavashi CIE Review Panel Presentation Slide #129 of 146



Testing algorithm

“30'\)
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Swimming behavior

« Examine several levels of swimming
behavior (0-30 cm/sec).

e Orientation towards “nearest” habitat, not
necessarily “natal” habitat.

e Operationally, loop through list of habitat
pixels, find closest, calculate vector
components, updated every time step.

 This following work is preliminary and
ongoing...
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Test of swimming behavior algorithm
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Swimming behavior activated in later stages of PLD

(e.g. preflexion to postflexion fish larvae)
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Connectivity web interface

« CSIRO product at:
http://www.per.marine.csiro.au/aus-connie/
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Z Connectivity Interface splash page - Windows Internet Explorer
W= ™ |8 htkpe) funane, per marine, csiro,auf aus-connie)
File Edit View Favorites Tools Help

WA g Connectivity Interface splash page

Australian Connectivity Interface

(= 5 1 RO
MARINE RESEARCH

Scott Condie, Jim Mansbridge, Madeleine Cahill
CSIRO Marine Reseach, Hobart, Tasmania.

Jason Waring , Irshad Nainar
CSIRC Marine Research, Perth, Western Australia.

PLEASE ENTER

Copyright € 2003, C5IRO Australia,

Use of this web site and information awvailable from it is subject to CSIRO's Legal Motics and Dis

it g Pacific Islands Fisheries Science Center
Ecosystems and Oceanography Drws:on

[ @ Internet

Pago Pago Room, Imin Center
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{= Connie: Quick guide - Windows Internet Explorer

@ ~ * | ] http: v, per. marine. csiro. auaus-connie/quickGuide. html

Edit  “iew Favorites  Tools  Help

v o (& Cannie: Quick quide

connie Australian Connectivity Interface

quick guide

modelling Quick guide

approach

drifter_ The Australian Connectivity Interface or Aus-Connie has been dewveloped as a tool for

wvalidation environmental scientists and managers to investigate the large-=scale patterns of spatial

lau connectivity around Australia. Specifically, it provides the user with an estimate of the

interface probability that any two regions are connected by modelled ocean circulation over a specified

ferdhack dispersion period. It is expected to find applications in areas such as larval dispersion and
recruitment studies, and the development of scenarios and risk assessments for contaminant

credits dizpersion.

terms and

onditions To operate the user must select:

(i) & region of interest on the map (resolution = 0.5°).

(ii) Whether the selected region represents a =source region from which particles disperse
(probability of going to other areas) or a sink region into which particles arrive (probability of
coming from other areas).

(i) The year and month(s) on which the connectivity statistics will be based.
(iv) The dispersion period (10, or 20 days for monthly or 30, 40, 60 or 80 days for gquarterly).

(v) Whether the connectivity probabilities are based only on the particle distribution at the end
of the dispersion period (after lifetime), or on all the particle distributions that occur over the
dispersion period (within lifetime).

Qutputs are in the form of maps showing land masses, the 200 m depth contour, and the
probability distribution for the user specified source or sink (resclution = 0.5°)."

A paper on 'Marine connectivity patterns around the Australian continent' has been published
in Envirenmental Modelling & Software:

Condie, 5.A., Waring, J., Mansbridge, M.L., Cahill, M.L., 2005, Marine connectivity
patterns around the Australian continent, Environ. Model, & Softw. 20, 1149-
1157,

' |l' Copyright & CSIRO 2002, Use of this web =
' ‘ infarmation available from i al

CsiRO
MARINE RESEARCH

“e_ Internet
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@ | ¥ |# ) httpef v per.marine . csiro. aufaus-connie/guickGuide. html

i? '1'53 : @Cunnie: Guick guide | |

connie

quick guide

modelling
approach
drifter

validation

terms and
nditions

| [l 2
G- 8 o v |5 Page -

Australian Connectivity Interface
Quick guide

The Australian Connectivity Interface or Aus-Connie has been developed as a tool for
environmental scientistz and managers to investigate the large-scale patterns of spatial
connectivity around Australia. Specifically, it provides the user with an estimate of the
probability that any two regions are connected by modelled ocean circulation over a specified
dispersion period. It is expected to find applications in areas such as larval dispersion and
recruitment studies, and the development of scenarios and risk assessments for contaminant
dispersion.

To operate the user must select:
(i) A region of interest on the map (resolution = 0.5°).

(ii) Whether the selected region represents a source region from which particles disperse
(probability of going to other areas) or a sink region into which particles arrive (probability of
coming from other areas).

(iii) The year and month(s) on which the connectivity statistics will be based.
(iv) The dispersion period (10, or 20 days for monthly or 30, 40, 60 or 80 days for quarterly).

(v) Whether the connectivity probabilities are based only on the particle distribution at the end
of the dizpersion period (after lifetime), or on all the particle distributions that occur over the
dispersion period (within lifetime).

Outputs are in the form of maps showing land masses, the 200 m depth contour, and the
probability distribution for the user specified source or sink (resolution = 0.5%)."

A paper on 'Marine connectivity patterns around the Australian continent’ has been published
in Environmental Madelling & Software:

Condie, 5.A., Waring, 1., Mansbridge, M.L., Cahill, M.L., 2005, Marine connectivity
patterns around the Australian continent, Environ. Model. & Softw. 20, 1149-
1157,

'lll l Copyright © CSIRD 2003, Use of thi
|| i information available from it is subject to
il ek

CSIRO
MARINE RESEARCH

Welcome fo the Aus-Connle login

ANONYMOUS LOGIN (unable to save definition masks, etc)

The Aus-Connle connectivity patterns are derived from current fields estimated by Satellite Altimetry and Modelled Wind
fields. As such, users should treat the results with some caution. Aus-Connle is not intended, and should not be used, to
replace detailed local monitoring and/or modelling studies in assessing the risks associated with new developments or

[ Yes | agree and wish to continue

] [ MNo lwish to exit

OR ...
REGISTERED USER LOGIN

User authentication

Please type your Connle username and password

Username:

Password:

If you don't have an account then please re If you have forgotten either your username or password
then pleaze =end an e-mail to the Connle help de

",
. . TULLLZY
te and information available from Pyt e
i3 o S

'"' I Copyright & CSIRO 20032. Use of thi
'“li itis subject to

CSIRO
MARINE RESEARCH

= http:ffwwye. per.marine.csiro.auf - Aus-Connle login - Windows Internet Explorer
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localhost

Australian Connect:wty Interface e http:/Awww. per.marine.csiro.auf - Connectivity interface specification - Windows Internet Explorer

Quick guide Connectivity Interface specification Results >>

@) @2 i P b [
H e 1 lect cell
The Australian Connectivity Interface or Aus-Connle has bet "\r) @ % select cells

environmental scientists and managers to investigate the lar sweep/click grid to select:
connectivity around Australia, Specifically, it provides the us ceg = Z A * cSource
probability that any two regions are connected by modelled 5 * e E o

; T : } : e : Sink
dispersion period. It is expected to find applications in areas
recruitment studies, and the development of scenarios and r " Clear

dispersion. i clear all cells

To operate the user must select: statistios

(i) & region of interest on the map {resolution = 0.5°). yearl1995 =

manth J January ']

(i} Whether the selected region represents a source region i lifetime |10 days v]
{probability of going to other areas) or a sink region into wh
coming from other areas).

@ within lifetime
" after lifetime
(iii) The year and month(s) on which the connectivity statisti . definitione

{iv) The dispersion period (10, or 20 days for monthly or 30,

TR

{v) Whether the connectivity probabilities are based only on
of the dispersion period (affer ifetime), or on all the particle
dispersion period (within lifetime). ﬁh" &

e 4l

Outputs are in the form of maps showing land masses, the 2
probability distribution for the user specified source or sink (

O water

B source
B sink
1

A paper on 'Marine connectivity patterns around the Australi t | | | |
in Environmental Modelling & Software: 110°E 120°E 1320°E 140°E 150°E 160°E

Condie, 5.4., Waring, 7., Mansbridge, M.L., Cakill, M.L
patterns around the dustralian continent, Enwivon, Mo
I157.

|| I LOGOUT
s Copyright © CSIRS 2003, Use of this web site and information available from
i Il 1 itis subjectto CSIRC's Legal Motice and Disclaimer,

CSIRO Aus-Connle was developed s part of SRAME, & joint venture betwean the
MARINE RESEARCH Waztarn Australizn State Government and CSIRD
RIp C

' Il I Copyright @ CSIRO 2003, Use of this web site and ‘\v_\‘-’f_'%k)
' i: | infarmation available from itiz zubjectto CSIRO's Legal =N

@

P
Motice and Disclaimer, =

T

CSIRO Aus-Conale was developed 25 part of SRAME, 2 joint venture A?E;t‘ﬁ-
MARIME RESEARCH between the Western Australizn State Government and CSIRD *
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localhost

NOAA

Australian Connectivity Interface

Quick guide

The Australian Connectivity Interface or Aus-Connle has bes
environmental scientists and managers to investigate the lar
connectivity around Australia, Specifically, it provides the us
probability that any two regions are connected by modelled

dispersion period. It is expected to find applications in areas
recruitment studies, and the development of scenarios and r
dispersion.

To operate the user must select:
(i} & region of interest on the map {resolution = 0.5},

{ii) whether the selected region represents a source region i
(probability of going to other areas) or a sink region into wh
coming from other areas).

{iii) The vear and monthis) on which the connectivity statisti
({iv) The dispersion period (10, or 20 days for monthly or 30,

(v} whether the connectivity probabilities are based only on
of the dispersion period (after etirne), or on all the particle
dispersion period {within fetime).

Qutputs are in the form of maps showing land masses, the 2
probability distribution for the user specified source or sink {

A paper on 'Marine connectivity patterns around the Australi
in Environmental Modelling & Software:

Condie, 5.4., Waring, 7., Mansbridge, M.L., Cahill, M.L
patterns around the dustralian continent, Envivon, Mo
II57.

Q- http:/Awwew . per.marine.csiro.au/?selectCells?437,145,460,126 - Connectivity interface specificat - Windows Intern... !.E

Connectivity Interface specification

Qa N >AVE

i)

select cells|

O water

B source

| | | | B gink

110°E

CSIRO
MARINE RESEARCH

120°E 120°E 140°E 150°E 160°E

LOGOUT
Copyright @ CSIRC 2003, Use of thiz web zite and information available from
itis subjectto CSIRC's Legal Motice and Disclaimer,

Aus-Connde wes developed sz part of SRAME, 3 joint venture betueen the
Western Australizn State Governmant and CEIRD

Results =
=zelect calls
sweep/click grid to select:
* Source
" sink
™ Clear

clear all cells

statistics

year|1995 ¥
month | January ']
lifetirne |10 days ¥

% within lifetime

™ after lifetime

load
perth hd

definitions

HELP

HME,
il TN
A

o
&

=

i ¥
Fro e B
R R

Il Copyright & CSIRC 2003, Use of this web site and
information awailable fram it is subjectto CSIRG's Legal
' I Motice and Disclaimer.

CSIRO Aus-Connfe was developed &5 part of SARME, & Joint venture
MARINE RESEARCH betueen the Western Australian State Government and CEIRD
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Australian Connectivity Interface

Quick guide

The Australian Connectivity Interface or dus-Connle has bet
environmental scientists and ranagers to investigate the lar
connectivity around Australia. Specifically, it provides the us
probability that any two regions are connected by modelled
dispersion period. It is expected to find applications in areas
recruitrient studies, and the development of scenarios and ¢
dispersion.

To operate the user must select:
(i} A region of interest on the map {resolution = 0.5°),

i) whether the selected region represents a source region i
{probability of going to other areas) or a sink region into wh
coming from other areas).

(iii) The year and month{s) on which the connectivity statisti
{iv) The dispersion period {10, or 20 days for monthly or 30,

{v) Wwhether the connectivity probabilities are based only on
of the dispersion periad (afer lifetime), ar on all the particle
dispersion period {wihin fifetime).

Qutputs are in the form of maps showing land masses, the 2
probability distribution for the user specified source or sink

A paper on 'Marine connectivity patterns around the Australi
in Environmental Modelling & Software:

Condie, 5.4., Waring, 7., Mansbridge, M.L., Cahill, M.L
patterns around the Australian continent, Enwiron. Mo
1157,

/= http:ffwmww. per.marine.csiro.auf - Connectivity interface results - Windows Internet Explorer

<< Specification

& & q

Connectivity Interface results

@%ﬁ‘wl%

55 TR

10°5

155

20°5

255

205

3575

120°E

‘l HI"

il
CS5IRO

MARINE RESEARCH

120°E 140°E

LOGOUT
Copyright @ CSIRC 2003, Use of this web site and information available from
itis subjectto CSIRO's Legal Motice and Dizclaimer,

Aus-Connfe was developed a5 part of SRAME, & Jolnt venture between the
Wastarn Australian State Gowernment and CEIR0

showing upsiream
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year|1999 =]
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" within lifetime

" after lifetime

colour table

* auto-scaling

T 0to 100 9%
using

| Ped, White and Blue ~|

save
last selected position

none selected

HELP

wHME,
Cm,

' 'i I Copyright @ CSIRC 2003, Use of this web site and
information available from it iz subjectto CSIRO's Leqal
h I Motice and Disclaimer,

C S IRO
MARINE RESEARCH

Aus-Connfe was daveloped as part of SRAME, 3 jolnt venture
batween the Western dustralizn State Government and CSIR0
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Australian Connectivity Interface
Quick guide

The Australian Connectivity Interface or dus-Connle has bet
environmental scientists and ranagers to investigate the lar
connectivity around Australia. Specifically, it provides the us
probability that any two regions are connected by modelled
dispersion period. It is expected to find applications in areas
recruitment studies, and the development of scenarios and r
dispersion.

To operate the user must select:
(i) A region of interest on the map (resolution = 0.5°).

(ii) whether the selected region represents a source region i
(prabability of going to other areas) or a sink region into wh
coming from other areas).

(iiiy The vear and month{s) on which the connectivity statisti
({iv) The dispersion period (10, or 20 days for monthly or 30,

(w) Whether the connectivity probabilities are based only on
of the dispersion period {afer fifstirne), or on all the particle
dispersion period {within ffetime),

Qutputs are in the form of rmaps showing land rasses, the 2
probability distribution for the user specified source or sink

A paper on 'Marine connectivity patterns around the Australi
in Environrnental Modelling & Software:

Condie, 5.4., Waring, 7., Mansbridge, M.L., Cahill, M.L
patterns around the Australian continent, Envivon, Mo
1157,
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Australian Connectivity Interface

Modelling approach

The currents were estimated from satellite derived sealevel and modelled wind fields using the
methodology described by Griffin et al, {2001}, Dispersion patterns associated with the
circulation were measured by individually tracking a large numbers of neutrally buoyant
particles distributed throughout the water colurnn and moving with the currents,

Particles followed complex paths, which were sensitive to their initial lacation. This suggested
the need for a statistical description of the dispersion results based on large numbers of particle
trajectories, The statistical description provides the probability of any two regions within the
dormain being connected by the prevailing circulation within a specified dispersion period.

Sealevel estimates

Sealevel fields were required to estimate the large-scale current patterns around Australia {i.e.
geostrophic currents), The sealevel at each location consists of a long-term mean component
plus shaort-term fluctuations or anomalies,

Data on sealevel anomalies were collected from a number of sources:

(i} Altimeter data from the Topex/Poseidon satellite (2.9 day cycle).
(i} Altimeter data from the ERS satellite {35 day cycle),
(iii) Tide-gauges around the Australian coastline.

An example of the effective spatial resolution of the combined Topex/Poseidon and ERS
satellites is indicated in Figure 1 for a region off northwestern Australia. The coastal tide-gauge
data was interpolated along the coastline to achieve a comparable resolution,

The long-term mean sealevel field was calculated from the mean ocean density field, This
density field is based on historical temperature and salinity measurements from the NODC
World Ocean Atlas 1994 hydrographic data, and CSIRO RV Franklin, RV Southern Surveyor and
SRV Aurora Australis hydrographic data {Dunn and Ridgway 2002, Ridgway et al, 20023,

A time series of sealevel fields has been derived by optimally interpolating data from the
coastal tide-gauges and two altimeters onto a 0.2° |atitude-longitude grid, then adding it to the
mean sealevel field (Bretherton et al, 1976, Le Traon 1990, Cahill and Condie 2001}, The final
sealevel fields were archived at five-day intervals over the period January 1995 to Decermber
1999,
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Development for Hawalian
Archipelago

 Dr. James Potemra (University of
Hawalii, SOEST, IPRC), Dr. Scott Condie

(CSIRO), and myself are in the process
of developing a similar product for the

Hawallan Archipelago.
 This may be part of a CAMEO proposal.
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