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Introduction to Invasives =
Model Background/Mechanics ( :’ |
Hurricanes and Lionfish

Lionfish Control

Southern GOM damsels




“Animals, plants or other organisms
introduced by man into places out of
their natural range of distribution,
where they become established and
disperse, generating a negative
iImpact on the local ecosystem and

. )
SpECIES = International Union for the Conservation of Nature
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Invasive Species

= 30,000
eggs/four days,
buoyant ~30 days
=10-12 month
maturity

= Depth to 300 m




Native and Range of Lionfish

g Africa

Australia
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Motivation and Aim of Research

Motivation and Aim of research:

= Understand the invasion process

= Use mathematical computer
simulation to help understand
and solve complex questions in
invasion ecology




The Models

= Cellular automaton biophysical model
= Simple rules = complex behavior

= Lagrangian model
= Particle movement in water

= Physical oceanographic conditions
= ocean current, SST, depth

= Life history traits

= Temporal: breeding age, life stage
mortality, larval duration, egg
guantity, breeding frequency

Validated against USGS-NAS




Model Source Data

Ocean Currents (hybrid): HYCOM — monthly and daily
averages 1/12° (10km) and 1/25 ° (4km) , monthly 1/3°
OSCAR (40 km), daily 1/25 ° ROM (4 km)

Depth (satellite): ETOPO 1 Global Relief Model (2 km)
SST (satellite): MODIS - monthly (4 km)

Chlorophyll (satellite): MODIS - monthly (4 km)

Life History Characteristics: Literature

All datasets in public domain




Cellular Automaton Agent-Based Model

Study area grid —
4 main Iogic (?urrgnt
direction
components:
conceptual cells 1
= unique parameters Water
. Temperature
neighborhood cells
1T
cell state
Water
rules Depth
= downstream
= Settling dictated by Water
Velocity

temp/depth

Rules are tested for each step per cycle (30 days) for each larva
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Algorithmic Flow of the Model

Process Steps:

Step 1: Select founder population (females) Se'e;;j;.eed‘ng
Step 2.' Apply mortality dingadult female lionfish

= Adult

= Egg/larval/juvenile mortality applied to
qty larvae produced/female

= |f alive moves to step 3

- S oo
e ST
_~ Apply Egg,™
< Larval, Juvenile =
1‘\"‘-.___ e

Step 3: Movement of larvae governed by the

—— |
I.GI.‘Jl::l\,fL:‘%'L-'J’es /" Ocean  /
ove Larvae
rules Thr;ugh (‘;rid —:»/ Current Data /
= Process repeats for larval duration _,___L-f'[;'r;;‘r--al_’_““’

= Last cell potential settling location

- : . Eliminate Frorr
pe riOd S raog e Survivin

Test Cell Values ,/"IOutput Data
Step 4: Settlement For Settling / /
¥ Habitable A~
= Parameters tested for settlement asetled [\ 27 S
. Start Maturity < Cycle Count ™,
Step 5: Repeat for duration

Timer ~ Met .~




. Founder Location

Larvae




Lagrangian Agent-Based Model

" Grid containing flow
vectors derived from
(east-west) and
(north-south)

Current
direction

components Wier
= conceptual cells Temp.
= Unique parameters 1T
" rules \E)V:;f;
= Settling dictated by
ocean conditions Water
" movement Velocity

= Euler method
= Hourly time-steps



Vector Interpolation

_*1,1
Position of larva (P) |, / P14
4 and ' (Or X/y) 0,1 ; /

Nearest 4 vectors

Weighted vector -
averaging to
predict trajectory
of particle, i.e. V

Latitude (v)

- < Q)\

Bilinear Po,g

interpolation using J=— u« —b longitude (u) \

the Euler method = 1 >

0 = (1) (1-U) Vg + (1Y), + V(10}V, + 00,



From starting /
position (P) u/v: _—

4 nearest vectors

Vector path | P
interpolated 1

\

Particle moved
along vector at p
calculated

velocity for one

hour i.e., one \

timestep At

Process repeats (1-v)(1-u)Vyo +(1-V)uv, o +v(1—-u)Vy, +Vvuv,,

V.
over PLD B =P +AtV
P., =P +Atv



(0,1,1) {1,1,1)

/] /]

/

(0,0,1) : (1.0.1)

Position of larva (P)
u/v/z

Nearest 8 vectors -
i.e., trilinear
interpolation

Particle moved i
(0,1,0p

along vector at

calculated velocity p /

for one hour i.e.,

one timestep At

AL {1,1,0)

(0,0,0) (1,0,0)

V= Voo (1-u)(1-v)(1-2)+Vipou(1-v)(1-2)+ Vo (1-u)v(1-2)+ Vg, (1-u)(1-v)z
+Vi,u(l-v)z+Vy,(1-u)vz+V,ouv(l-2z)+V,;;uvz

I:)i+1 — Pl +At\7|
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Hurricanes accelerated the Florida-Bahamas Lionfish invasion

= Curious: Bahamas
1985-1992 mean currents run

north and west —
lionfish moved
south east

= Current anomalies?

= Role of hurricanes?




Hurricanes accelerated the Florida-Bahamas Lionfish invasion

1992 — 2003 (13 storms)




Hurricanes accelerated the Florida-Bahamas Lionfish invasion

Hurricane Sandy - 2012
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Hurricanes accelerated the Florida-Bahamas Lionfish invasion

= Step 1 - Identify crossover events due to
hurricanes

= Analyze direction/velocity of daily A\;Zr:rge

HYCOM data in Florida Straits
= Step 2 — Analyze effect of hurricanes on 3t

population size Jeanne

= Small founder pop. In NW Bahamas 2004

= 2000 - 2007

= Simulations using: monthly mean
currents (average year)

= Simulations using: daily currents for Wilma
2004-2005 hurricane seasons 2005

= Contrasted hurricane vs. nhon-hurricane




Step 1 - Identify crossover events due to hurricanes

(a) South Florida/Bahamas Hurricanes 1992-2003

Storm Strength
9504030<3 Jerry
Erin \ Arthur

Andrew Gordon\ |/Bertha Mitch
_.

1992 1993 1994 1995 1996 1997 1998 199 2001 2002 2003 2004

(b) 2004 Hurricane Season

L
Frances Jeanne

Current
Direction (%)

ent
/s)

/

23 opportunities between 1992 - 2005

August September ~ October November

2005 Hurricane Season

o —— o—p , ,
Dennis Katrina || Ophelia Rita

Current
Direction (%)

Mean Current
Velocity (m/s)

|

| .
/ . NetOpo=t ,‘ \’7\%\%/\,y W~
September October November
Month




Step 2 — Analyze effect of hurricanes on population size

USGS Lionfish Records <2004

@ 2004 - 2005
® 2006 - 2007

475 km (from South Florida)

Detection lag

Turks and Caicos 23° N

s Y
Windward Passage ‘
Jamaica S

~ Hispaniola

Lo75°W




Step 2 — Analyze effect of hurricanes on population size

With Hurricanes <2004

2004 - 2005
M 2006 - 2007

. 1450 km (from South Florida)

\ 680 km

Simulation without hurricanes

L

45% increase . Hispaniolz




Step 2 — Analyze effect of hurricanes on population size

— 2004-2005
2004
— 2005

S
o

2004 2005
Hurricane Season Hurricane Season
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= Difference in pop. from an average year = First to link hurricanes
= 5-6% population increase/storm year with marine invasives

. . . = Implications for all
= 15% increase in consecutive years spscies




Lionfish Removals Require a Coordinated International Effort

e

N B g | e
= Lionfish removals — do they work?
= Sporadic and incomplete
= Contemporary controls leave remnant populations
= What rate, where, how often?

= Previous modelling efforts (Arias-Gonzélez et al. [2011], Barbour et al. [2011],
Morris et al. [2011])

= Local control only - how does connectivity factor?



Lionfish Removals Require a Coordinated International Effort

" Two goals - quantify:
= Connectivity between regions

= |dentify importer/exporter
relationships

= Removal rates required to
contain invasion

" Target 100% of population or
just the majority (95%)

= Focus: impact of removals on
Carolinas lionfish populations




Lionfish Removals Require a Coordinated International Effort
Goal 1 - Quantify connectivity between regions

= |dentify all 10 precincts
linked to CAR (i.e. Johnston and

Purkis 2014b)
= 5 years

= 10 random locations, 100
lionfish each

" Track exporter vs.
importer location

= |dentify exporter/importer
links — major exporters
supply 95% to an importer
precinct




Lionfish Removals Require a Coordinated International Effort

= Step 1
= Model virtual culls performed in the major exporter
precincts -i.e., those that supply 95% of lions to the

Carolinas
= 5vyears, 10 random locations, 100 lionfish each

= Perform culls at varied rates
= Annual (i.e. derbies) 50% - 90%
* Monthly —10% - 60%

= Step 2
= Repeat basin-wide for all 10 precincts that provide 100% of
lionfish to the Carolinas

Tests sporadic vs. continuous culls targeting 95% or 100%



Lionfish Removals Require a Coordinated International Effort
Results (step 1)




Lionfish Removals Require a Coordinated International Effort
Results (step 1)

— Primary Link
Secondary Link
— Tertiary Link
» Larval Flow
O High Linkage
O Low Linkage

" Linkages between regions = Carolinas imports
= Cuba - major exporter almost all




Lionfish Removals Require a Coordinated
International Effort : Results (Step 2)

Effects of culls on CAR pop.,
targeting those that supply
95% of lions to the Carolinas

E

60% Monthly d

12 24 36 48 60
Maonth




Lionfish Removals Require a Coordinated
Intarnatinnal Fffart « Reciiltc (Stean 2)

Not doing enough!

Are we causing more damage (i.e.
recruitment compensation) — just
“pruning the trees” ?7?

Needed:
1. Monthly culls
2. Basin wide
3. Target 20% of the entire population

- Lo/0 1Clnialic pupuUuiaLivilio

= 20% basin-wide/monthly



Royal Damsel (Neopomacentrus cyanomos) in the
Southern Gulf of Mexico

First sighted in 2012 near Veracruz

Common to aquaria, widespread
Found in large numbers
Non-predatory

= Competition with native damsels
Shallow <=21m
Pelagic larvae

e Infected locations
@ Simulation Sites

Il Water Depth >=21m

Campeche Bank P

Gulf of Mexico .:.,-/.';' e

Mexico

Veracruz® *®



Royal Damsel (Neopomacentrus cyanomos) in the
Southern Gulf of Mexico

= Rapid risk assessment

= Create simulations for 5
years

= 8 Random founder
populations

{0 water pepth <= 21m ;. = Literature values for
R SRS fecundity/habitat
AR ' preferences
= Daily 1/25° HYCOM,
2010 - 2014

= Analyze ocean current
trends

Mexico

Veracruz® *




Royal Damsel (Neopomacentrus cyanomos) in the
Southern Gulf of Mexico

HYCOM Ocean Currents - 2012, day 1

Longitude
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Royal Damsel (Neopomacentrus cyanomos) in the
Southern Gulf of Mexico

Campeche Bank __ PLD (days)
— Analysis Bounds 1 12 24

Campeche
Bank

Yucatan

"

N my .
B Veracruz a8

" Limited spread over 5 years
= Connectivity break from greater GOM



Invasion Pressure
l',; | —Nested sub- grld

Corpus Christie
F\ P Gulf of Mexico &

EI 26° N

150 km

_— S

;
| Campeche
1 Bank

_pH= :
W\ | | Yucatan
90°W &

Veracruz

" Low invasion risk over 5 — 15 years

= Control efforts should be focused near Veracruz extending
to the western Campeche Bank and Mexican Shoreline



Thank you

mattspace.com

. http://www

IoN

informat

\Vilelg=




