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Caribbean-scale Management
and the Rebuilding of Spiny Lobster Stocks:

© Larval Dispersal & Connectivity
»~ Focus on Source Populations & Key Network Nodes
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® Robust Approach to Enhancing Spawning Stocks
» NTRs and Maximum Size Limits

®  Vigilance & Minimization PaV1 Virus Transmission
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Spiny Lobsters Have Long Planktonic Larval Durations (pPLD)
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THE COMPLETE DEVELOPMENT OF LARVAL CARIBBEAN SPINY LOBSTER
PANULIRUS ARGUS (LATREILLE, 1804) IN CULTURE

Jason S. Goldstein, H. Matsuda, T. Takenouchi, and Mark J. Butler IV
Journal Crustacean Biology 2008






Assessments of Lobster Genetic Structure in Caribbean

® No evidence of isolation-by-distance
(high gene flow & long dispersal distances)

® High levels of single and multi-locus disequilibrium
(lobsters differ little genetically around the Caribbean)

® High demographic connectivity whose details (sources, sinks)
are unresolvable by presently available genetic techniques
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http://www.fao.org/home/en/

How can we determine the sources and
destinations of trillions of tiny, actively
swimming planktonic larvae during their
5 — 7 month long journey In the sea?

Use genetic tools to discern how “related” the
lobsters are among locations in the Caribbean

Use of elemental tags & recovery downstream

Use computer simulation modeling to “recreate”
observed ocean conditions and lobster biology
for prediction of larval dispersal



Our Approach: Biophysical Modeling of Lobster
Dispersal & Population Connectivity

(" General Ocean 4 Forcing )

Model domain & Circulation Models Daily surface
resolution Scales HYCOM fluxes
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Behavior Matters for Larval Dispersal

Modeling and empirical data for marine taxa with PLDs of 2-24 wks
Indicates that larval dispersal is often more limited than previously
believed due to larval behavior

Scaling of Connectivity in
Marine Populations

R. K. Cowen,'* C. B. Paris, A. Srinivasan® Science 2006

Complex larval connectivity patterns among ma
invertebrate populations

Bonnie J. Becker*, Lisa A. Levin, F. Joel Fodrief, and Pat A. McMillan PNAS 2007

Behavior constrains the dispersal of long-lived
spiny lobster larvae

Etc., Etc., Etc...

Mark J. Butler IVY*, Claire B. Paris?, Jason S. Goldstein®, Hirokazu Matsuda?,
Robert K. Cowen? MEPS 2011




P. argus larvae are not passive particles ...
their swimming behavior changes daily and ontogenetically

Their depth in water column
changes daily & weekly

Currents also change In
direction & speed with depth

Therefore, we must include
larval behavior in models &
can not use just surface currents
to predict larval dispersal



Biological Input: Larval Vertical Migration

Plankton sampling at multiple depths with MOC net
(multiple open & close net)

Monthly cruises Miami - Bimini:
2 years, 17 stations, & 10 depths

‘,.;:;-\%:’f't‘ " ;"";' '“.:i‘::(" ,v-":‘;j"“
ments of Robert Cowen

Compli



Biological Input:
Laboratory Studies of
Larval Behavior

Test swimming response of
laboratory reared larvae of
different ages and exposed to
light intensities and
wavelengths during the day
and the night representing:
Om, 25m, 50m & 100m depths

Light Meter &

Spectrophotometer

Light Source &
filters

Diffuser

A

Heat Mirror
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Model Depiction of Larval Behavior
Based on Empirical Studies

Early Stage Larvae
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Data from:

* Literature

* English & Spanish

surveys of fishery
managers in region
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Coupled to GIS Seascape
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Larval Development & Behavior
« Larval planktonic larval duration
 Ontogenetic vertical migration
- Stage-specific mortality
- Postlarval attraction to coast
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3-Dimensional Larval Dispersal by
Integrating Multiple Ocean Circulation Models

®* HYCOM GLOBAL (Caribbean; ~7 km resolution)
®* GOM-HYCOM (Gulf of Mexico; ~ 4 km resolution)
® ROMs (Bahamas; ~ 4 km resolution)

®* FLK-HYCOM (Florida Keys; ~900 m resolution)




An Example Model Run

P

Yellow circles & sizes are larval release sites and magnitude

Modeled larvae change color with age
Settlement sites and magnitude of settlement are shown by green circles
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Predicted vs. Observed Postlarval Settlement

Mean Number of Postlarvae/collector (2yrs)
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Regional Patterns of Self-recruitment
regions recrulits

* Size of circle 1s
the magnitude of
self-recruitment
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Exchange of P. argus Larvae and
Between-ness Centrality of Spawning Locations
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Connectivity Matrix for P. argus in the Caribbean
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Modeling Implications:
B7l Larval Connectivity & Multinational Stock Management

Example:
Florida’s Stock

\ '? 9% Contribution
T ' Eo Caribbean




Modeling Implications:
" Larval Connectivity & Multinational Stock Management

, Example:
MG Caribbean Sources
| 40% . )
\ ( 0: 5. A of Florida’s Stocks



Other Implications for Management

OPEN a ACCESS Freely available online @ PLOS | ONE

Larval Connectivity and the International Management

of Fisheries

Andrew S. Kough'*, Claire B. Paris’, Mark J. Butler IV*

1 Rosenstiel School of Marine and Atmospheric Sciences, University of Miami, Miami, Florida, United States of America, 2 Department of Biological Sciences, Old Dominion
University, Morfolk, Virginia, United States of America

PLOS ONE 2013

More targeted international collaborative management, rather
than uniform regulations

Management based on “larval credits” (similar to carbon credits)

Consideration of “pelagic MPAs” for larvae



Pelagic Larval Nurseries?

Logarithmic Probability Distribution of Successfully Recruiting Larvae in Model

From Kough et al. 2013



Caribbean-scale Management

and the Rebuilding of Spiny Lobster Stocks:

Larval Dispersal & Connectivity
> Focus on Source Populations & Key Network Nodes

Robust Approach to Enhancing Spawnlng Stocks
» NTRs and Maximum Size Limits

Vigilance & Minimization PaV1 Virus Transmission
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A Robust Approach to Enhancing
Lobster Spawning Stocks

Focus on rebuilding lobster g : c"? Blue = Source
. . go : L ’

spawning stocks in important 58 ﬁ-}
I, o™

source populations

Healthy spawning stocks

require both large females

and large males, because: :
Exponential female size: clutch size relationship

Large females produce multiple clutches per year
Sperm limitation without large males

Demands management options that are
scientifically sound, publically acceptable, &
logistically feasible: a new option to consider




Integrating No-Take Reserves
& Maximum Size Limits

Problem with No-Take Reserves Alone:
Too few & too small to protect sufficient numbers of large
reproductive lobsters to rebuild spawning stock biomass

Problem with Maximum Size Limits Alone:

Fishing mortality in most areas is too high to permit the build
up of large reproductive lobsters and thus spawning stocks

But ... No-Take Reserves & Maximum Size Limits Together:
Potentially permit the build-up of large lobsters within
reserves and as they emigrate (“spill-over”) into fished areas
they are protected, rebuilding spawning stocks over larger area




Over-Fished Population




Over-Fished Population No-Take Reserves




Over-Fished Population No-Take Reserves

Fishing “Slot Limit”



Over-Fished Population No-Take Reserves

Fishing “Slot Limit” No-Take Reserves & Slot Limit



Preliminary Results: Linking NTRs with Slot Limits

Used stage-based
population model _

with data on fishing Slot i
effort and lobster Slotint + 19 NTR
population dynamics

In Florida
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Protection of just
1% of the area within
NTRs along with a
slot limit on landings Simulation vear
(e.g., minimum & maximum size limit)

Increased egg production over other management strategies

Coral Reefs 2009



Ongoing Research for Rebuilding Spawning Stocks
Harvest Slot Limits & No-Take Reserves

Please complete the electronic W

OLD DOMINION
UNIVERSITY

or paper versions of our survey
- 5u.'nrey on Harvest Slot Limirs and Mo Take F:ishi.'n.g Areas
and return it ASAP to me for the Caribbean Spiny Lobster

Orwerview:

We will use that information
and WECAF data in two ways:

Stage-based, metapopulation
spatial model to evaluate the
effectiveness of this approach
under varying fishing pressures
& no-take zone coverage

Analysis of manager and fisher
acceptance of these potential regulations



Research Update:

A Lethal Viral Disease Infecting
Caribbean Spiny Lobster

Caribbean Spiny Lobster SEAVARVITIES




PaV1 Viral Disease In
Caribbean Spiny Lobster

Discovered by our research team
In 1999 in Florida; we developed
histological & molecular diagnostics

First virus known in any lobster

Postlarvae & juveniles susceptible;
lethal > 90% juveniles; adults are
asymptomatic but may be carriers

Transmitted through contact and
INn seawater over short distances

Virus Kills ~ 25% of new recruits
In Florida; same elsewhere?




Caribbean PaV1 Prevalence in Adult Lobsters*
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Not Detected
1 - 4%
5-9%
10 — 15%

* Note: Prevalence is
higher in juveniles




Locally, the spread of the virus is reduced by
“natural quarantine” - the avoidance of
diseased lobsters by healthy lobsters

Behringer, Butler, & Shields. 2006. Nature
Behringer & Butler. 2010. Behav Ecol Sociobiol
Dolan, Butler & Shields. 2014. Ecology

Butler, Behringer, & etc. In press. PLOS ONE




Crustacean Fisheries Impacted by Disease

American Clawed Lobster — shell disease
Norway Clawed Lobster - Hematodinium
American Blue Crab — Hematodinium
European Edible Crab - Hematodinium
King Crab — Hematodinium
Snow Crab — Hematodinium
Tanner Crab — Hematodinium
Dungeness Crab - microsporidian
Various Shrimps — White Spot
ETC., ETC., ETC...

.............




Crustacean Fisheries Impacted by Disease
“ Caribbean Spiny Lobster — PaV1?




PaV1 Disease & Lobster Management

Be Vigilant; need to monitor PaV1 distribution & prevalence
molecular (PCR) screening of lobster tissues

Prohibit activities that potentially increase the spread of PaV1
No transfer of live lobster among countries
No transport of live lobster among regions within countries
Limit the stock-piling of live lobsters prior to shipment or release
No discarding of diseased lobsters in the sea

Currently no national or international regulations, programs,
or funding in place to safeguard against PaV1 outbreaks
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Thank you for the opportunity
to speak with you at WECAFC.
Questions?







