Biological Invasions in Marine Systems

Outline

Pathways in Marine Systems

* Shipping (Boring, Fouling, Ballast Water)

* Global Aquaria Trade & Ornamental Escape

* Aquaculture



Global Aquaria Trade
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- Millions of imported individuals each year

https://www.aquariumtradedata.org/




Ornamental Release: Red Lionfish

Pterois volitans

Indo-Pacific = West Atlantic, Caribbean



Red Lionfish

Life Cycle

e 4
Eggs, 15,000-30,000 Larval stage, 20-40 days Juvenile, up to 10 months Reproductive adult, 1 year
per spawning event. less than 2 em (0.8 in) 2-10 ecm (0.8-4 in) 10-20 cm (4-8 in)

Reproduction: all year long, 2.000.000 eggs per female & year

Dispersal: Eggs & larvae are dispersed by currents

Release:

1985: first sighting (Miami)

1992: 6 individuals released from Miami Aquarium by Hurricane Andrew

http://lionfish.gcfi.org/



Red Lionfish
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Lionfish findings 1985 - 2017
http://lionfish.gcfi.org/



Red Lionfish

Venomous spines

Groove

- Protection from predation ik

® Venomous spines

® Non-venomous rays
Wide prey spectre:

Ecological impact:

reduces prey populations by up to 90 %

Economic Impact:
Competitor to grouper & snapper

htt p ://I io nfi > h ' ngi -0 rg/ Nossou‘ grouperr iuveni;es .luve;.ile fisl;\e::;
Lionfish prey



Red Lionfish: Mitigation Measure

Harvesting
(all year long)

Regional
Food Economy

National Geographic: Divers Fight the Invasive Lionfish
https://www.youtube.com/watch?v=GzaeYzAC8Ro



Ornamental Release: Caulerpa taxifolia




Caulerpa Distribution
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Native Pacific Ocean, Caribbean Sea

‘ Invasive Mediterranean Sea, California, Australia

http://seagrant.oregonstate.edu/sites/seagrant.oregonstate.edu/files/invasive-species/toolkit/caulerpa.pdf




Caulerpa: The Killer Alga in the Mediterranean Sea

Caulerpa outcompetes native seagrass

— Loss of seagrass meadows
- Loss of biodiversity

Caulerpa produces effective toxin

— Hardly eaten by grazers

Caulerpa reproduces asexually (clonal)

- Even fragments are viable

- Quick spread

Seagrass (Posidonia oceanica)



The Caulerpa Invasion in the Mediterranean Sea
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Escape Hypothesis

Escape from the
Oceanographic Museum of Monaco

Alexandre Meinesz



The Caulerpa Invasion in the Mediterranean Sea

Bl L3 \
S Milan ®Zagreb
& 5/\, ° o 1980 Belg\r\’ade
3 o Croatia Beorpag,
o Bosnia and, b
2 Herzegovinag Serbia
Monaco @
Sarajeyo
Italy
= [
Andorra nPodgoqca
loAropKua
Barcelona ©Rome
P%no o
Madrid
®
Valengia Tyrthenian Sea
¥ alenci
L?:nugal Spain 9 Greece
o Athens [zmir Turkey
Abrva 9
(klsevme Granada Algiers Tunis °
o
M?I Sl auie v Antoalya Adgna
OMalaga [c} { ,_C'
Gibraltar S 7
T:;j]t Mediterranean Sea
Tunisia Wl
o Tripoli
Casablanca e ’.;le,b
claddl |l
- Morocco
Marrakesh §
4 aShe )
Agadir /_/
Algeria
Libva

1984

Range expansion hypothesis:

Red Sea = Suez Canal & Mediterranean Sea

Francois Doumenge



Caulerpa Genetics

Molecular comparisons:

Mediterranean VS Red Sea

Mediterranean VS Pacific

Mediterranean VS Caribbean

Mediterranean VS Monaco Museum

Olivier Jousson,
Geneva University

= Where did C. taxifolia come from?



Caulerpa Genetics

Molecular comparisons:

Monaco Museum VS Monaco Museum Supply

- Match with
Wilhelma Botanical Garden,
Stuttgart, Germany

Olivier Jousson,
Geneva University

Pacific Caulerpa strain:

collected in 1970ies

exported worldwide since then



Caulerpa Mitigation Measures

Sea Slugs sucking out Caulerpa, use enzyme degrading the toxin

Lobiger serradifalci: Mediterranean Elysia subornata: Tropic



Caulerpa Mitigation Measures

Table 15.1 Control methods tested to eradicate invasive Caulerpa taxifolia

Method Location Success?
Manual harvest Mediterranean, Nol successful due to fragmentation, costs
Australia
Suction pumps Mediterrancan, Not successful due to fragmentation, residual attached
Auslralia biomass
Opaque tarpaulins USA Successful when combined with liquid chlorine (tarpau-
lins not tested alone in USA)
Medilerranean  Not successful due to damage (o larps
Australia Not successful due to damage to tarps, cost for labor,
nontarget mortality
Altering salinity Australia Successful
Liquid chlorine USA Successful
Copper Mediterrancan,  Not successful with short exposures as 100% mortality
USA nol achieved
Hydrogen peroxide Mediterranean  Not successful with short exposures as 100% mortality
not achicved
Aquatic herbicides USA Not successful with short exposures as 100% mortality
not achieved
Coarse sea salt Australia Successful
Dry ice Medilerranean  Not successful as 100% mortality not achieved
Heated water Mediterranean  Not successful as 100% mortality not achieved
Ultrasound Mediterrancan  Not successful as 100% mortality not achieved
Biological control ~ Medilerranean  Nol successful due to limited numbers of native her-

bivores and government restrictions on nonnative
herbivores

(Walters 2009)

BBC: Killer Algae
https://www.youtube.com/watch?v=VLBzLmh5plg
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Biological Invasions in Marine Systems

Picture: Karsten Reise, Cartoon: Kochmann et al. 2008



Biological Invasions

Introduction & Establishment of species beyond their historical range

Introduction:

|. Natural range expansion

Il. Human introductions

Establishment:

l1l. Survival

IV. Reproduction



Pacific Oyster Crassostrea gigas (Thunberg, 1793) Aquaculture
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Crassostrea: Global Distribution
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http://www.cabi.org/isc/datasheet/87296



Crassostrea: Native Range
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Fig. 3. Native range of the Pacific oyster C gigas.

Troost 2010



Crassostrea: Global Aquaculture

Main producer countries
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Global Aquaculture Production for species (tonnes)
Source: FAO FishStat
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http://www.fao.org/fishery/culturedspecies/Crassostrea_gigas/en



Crassostrea: Life Cycle pediveliger
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. J Veliger larva
' developing

Veliger larva eve spot and fool
&
(straight-hinged)

Pediveliger larva

< Trochophore larva velum
food
setilement and
metamorphosis
fertilization
Pediveligers
X

o . Gametes Adults — are attracted by chemical
: b cues of adult oysters
spawning (gregarious settlement)
Recruitment: Occurrence
of new benthic individuals
some time after settlement

Troost 2010 Tamburri et al. 2007



Wild Larvae Capture & Adult Collection




Oyster Culture

Sea-based production

10-15 mm
unattached spat

Intermediate growth
in trays

on cultch

<+————— Remote setting  -—— Q;
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Nursery

Sced production
wild capture
(larvae set on strings
or in bags of shell culich
hung from longlines)

Broodstock

Seed production

hatchery

Fertilized eggs

1

Larval tanks
Settlement

Spat culture




On- & Off-bottom Culture
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- Multiple introductions, accidental escapes and releases, dispersal...



