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1. INTRODUCTION

COLOCHN

11
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» Biological invasions can occur when o [T e
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organisms are transported outside their S+ E LGN

native range of distribution where they

proliferate, spread, and persist (sensu
Elton 1958)

» Dramatic increase of
species introductions in

the past 200 years (di Castri
1986).

Global shipping density, August 2013 (http://store.cloudeo-ag.com)




1. INTRODUCTION

O Generalized steps in the invasion process and their management
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1. Introduction

»Shipping traffic

Ballast water
(7000 spp/day; Carlton 2001)

Ship fouling

...and their associated structures

Recreational marinas
Interoceanic canals

»Other vectors: Aquaculture, intentional releases, etc.



MODEL ORGANISMS:

Caprellid amphipods “skeleton shrimps’



2. MODEL ORGANISMS g E %

O Some biological traits...

&

2. Model
organisms



» Some caprellid species...

2. Model
organisms

1. Reach high densities in artificial
submerged structures

2. Present high tolerance to
anthropogenic pollution

3. Present high potential for introduction,
establishment, spread and detection across
many global regions

4. The caprellid Mediterranean fauna has been
well investigated (we can detect recent

introductions)
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3. Looking for
exotics

Under the floating pontoon
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O Field surveys: Cadiz, Balearic Islands, Southern Europe
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O Marina sampling survey
1. Introduction
> We surveyed in different structures: floating pontoons, ropes, buoys,

2. Model - .
organisms wheels, pilings, ship hulls, etc.
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3. Looking for
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Caprella
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INTRODUCED SPECIE% | ’
Paracaprella pusilla E



4.1 PARACAPRELLA PUSILLA

O A “strange” caprellid in Cadiz: Paracaprella pusilla
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> It appeared in September 2010 and June 2011 (summer) associated with the
hydroid Eudendrium racemosum.
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Q Distribution of Paracaprella pusilla around the world
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» Current status: introduced species in Europe



4.1 PARACAPRELLA PUSILLA

Ecology in the introduced range

4. Introduced
species

P. pusilla




4. Introduced
species

P. pusilla

4.1 PARACAPRELLA PUSILLA

O Clepto-commensalist behavior



4. Introduced
species

P. pusilla

4.1 PARACAPRELLA PUSILLA

O Deterrent behavior
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4. Introduced
species

C. scaura

® (. s. typica ' C.s. scaura O C. s. diceros ¥:C. s. cornuta £ C.s. hamata @ Undetermined subspecies




POTENTIAL IMPACTS
of Caprella scaura
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5. POTENTIAL IMPACTS

O Caprellid species distribution pattern
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5. POTENTIAL IMPACTS

O Tolerance ranges

Turbidity (ntu) TOC (mg L)
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5. Impacts
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»Best GLM model (smallest Akaike’s Information Criterion corrected for
small sample size (AICc)):

-Caprella scaura occurrence ~ salinity

-Caprella equilibra occurrence ~ salinity + Human population density + Turbidity



5. POTENTIAL IMPACTS

5. Impacts

O Evidence for the existence of competitive interactions
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Residual Change in
Regression model Residual df ' deviance deviance P
Best environmental model 38 37.724

Best environmental model + C.scaura occurrence 37 6.323 31.401 0.0001



5. POTENTIAL IMPACTS

O Relevant factors in the abundance pattern of C. scaura
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O Parental care

Refigured from Lim &

Alexander (1986)

5. Impacts
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7.1 ECOLOGY: HABITAT USE -‘ ’)
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O Experimental design
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S >3 sites per habitat type
- Habitat use >3 replicates per site
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7.1 ECOLOGY: HABITAT USE ?)

6. Ecology
|— Habitat use

O Habitat use patterns: distribution of target species

»In general, abundance and composition of target caprellids were
different among habitats (Three way ANOVA _ SNK)

HABITAT

Artificial Natural protected Natural exposed
CAPRELLID SPECIES BG L1 L2 L3 L4 L1 L2 L3 L4 L1 L2 L3 L4
Aciconula tridentata Guedes-Silva and Souza-Filho, 2013 | Q
Caprella danilevskii Czemiavski_1868 A Q
Caprella dilatata Kroyer, 1843 m - Q Q Q qQ Q a QQQQl
Caprella equilibra Say, 1818 A%
Caprella scaura Templeton, 1836 \Vi
Paracaprella pusilla WMayer, 1890 \Vi
Paracaprella sp. | Q
Pseudaeginella montoucheti (Quitete, 1971) | Q Q Q 14100
Pseudaeginella sp. | Q Q Q 100-1000
Phtisica marina Slabber, 1769 i Q O 1000-10000

> 10000

|

Host institution

Species abundance: ARTIFICIAL > NATURAL (SHELTHERED > WAVE-EXPOSED),T- :




O Wide-ranging species and wave exposure (wave fetch)
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7.2 ECOLOGY: TROPHIC STRATEGIES ’)

O Methodology

/\ AFTER INMERSION IN THE
f\«{, N HERTWIGS’ LIQUID

6. Ecology

" Trophic
strategies

Host institution

Universidad de Granada



O Trophic strategies: influence of habitat type (ANOVA)

Paracaprella pusilla gut content

NATIVE RANGE: BRAZIL Caprella scaura gut content
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O Trophic strategies: influence of host substratum (two-way ANOVA)

INTRODUCED RANGE: SPAIN Caprella scaura gut content Paracaprella pusilla gut content
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6. Ecology
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HABITAT TYPE:
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6. OTHER VECTORS: INTEROCEANIC CANALS

O P. pusilla at the entrances of the Panama Canal: ADR model
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6. OTHER VECTORS: INTEROCEANIC CANALS

Q Salinity tolerance experiment »Range-finding experiment:

-Males and females separately
-Seven salinity treatments. 0, 5@ 25,

30,(35) 55

-Control: 35

-’.'

»Second experiment:

-Males and females separately
-Eleven salinity treatments: 13, 15,19,
21; 41, 43, 45, 47, 49, 51

-Control: 35

7. Vectors Total individuals used: 570 (285
males and 285 females)

Host institution




6. OTHER VECTORS: INTEROCEANIC CANALS

O Salinity tolerance experiment

100 1 m----m
% ® Females
80 - Sa A Males ad
— \
o\° N -1 - Total e
= G ] — Total LCq, 48h l &
'C_E F > \\..\. ................................... 2 +
+ 40 - - -
=
20 A
0 T T T T T 1 I T T T T L 1
11 13 15 17 19 21 23 //39 41 43 45 47 49 51 53
. . Salinity | |
Low salinity tolerance High salinity tolerance

»>Median lethal concentration (LC;,) were calculated by use of
Probit model

> The lower LC;,for females, which was 16.7 (15.1 - 18.4), was
significantly below (Pairwise Students’t-test, p< 0.05) that for
males, estimated as 18.7 (17.2 - 22.2). A

7. Vectors

Host institution




6. OTHER VECTORS: INTEROCEANIC CANALS

O On the introduction of P. pusilla in the Pacific Ocean
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