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ABSTRACT

The tiger shrimp (Penaeus monodon) is an Indo-Pacific species. Its global production between 1970 and 1980 exceeded all other shrimp
species, which favored its introduction and cultivation outside its natural range in several countries of Africa, Europe, USA and South
America. It is currently found in the coast of the Atlantic Ocean (Mexico, United States, Puerto Rico, Brazil, Guyana, Venezuela and
Colombia). Despite the risk involved, no studies have been conducted to evaluate their impact as a possible invasive species and
their genetic condition. This study evaluated the genetic status and population origin of P. monodon in the northernmost Colombian
Caribbean, analyzing the mitochondrial DNA control region (mtDNA-CR). 16 individuals were randomly collected from Golfo
de Salamanca and 342 original Indo-Pacific sequences were obtained from GenBank. Parameters of genetic diversity and genetic
relationships were analyzed. These results were a total of 358 sequences compared and 303 haplotypes identified. Three haplotypes
were identified in the Colombian population. This results showed lower genetic diversity compared with Indo-Pacific populations.
These haplotypes were closely related to those found in samples from the Philippines and Taiwan. We discuss the need to create
a regional network to characterize the established populations in the Great Caribbean, with the purpose of inferring colonization
processes and the establishment of management measures.

Keywords: biological invasion, Caribbean Sea, founder effect, genetic relationships, mitochondrial DNA.

RESUMEN

El camarén tigre (Penaeus monodon) es una especie del Indo-Pacifico. Su produccién mundial entre 1970 y 1980 superé todas las
otras especies de camardn, lo que favorecié su introduccién y cultivo fuera del drea de distribucién natural en varios paises de Africa,
Europa, EE.UU. y América del Sur. Actualmente se encuentra en la costa del Océano Atlantico (México, Estados Unidos, Puerto Rico,
Brasil, Guyana, Venezuela y Colombia). A pesar del riesgo que implica, no se han realizado estudios para evaluar su impacto como
posible especie invasora y su condicién genética. Este estudio evalud el estado genético y el origen de la poblacién de P. monodon en el
norte del Caribe colombiano, analizando la regién control del ADN mitocondrial (ADNmt-CR). 16 individuos fueron recolectados al
azar del Golfo de Salamanca y 342 secuencias originales de muestras del Indo- Pacifico fueron obtenidas de GenBank. Se analizaron
los pardmetros de diversidad genética y las relaciones genéticas. Se analizaron un total de 358 secuencias y se identificaron 303
haplotipos. En la poblacién de Colombia se identificaron tres haplotipos, mostrando una baja diversidad genética en comparacién
con las poblaciones del Indo-Pacifico. Estos haplotipos se encontraron cercanamente relacionados con secuencias obtenidas de
muestras de Filipinas y Taiwan, principalmente. Se discute la necesidad de crear una red regional para caracterizar las poblaciones
establecidas en el Gran Caribe, con el propésito de inferir los procesos de colonizacién y el establecimiento de medidas de manejo.
Palabras clave: ADN mitocondrial, efecto fundador, invasién biolégica, Mar Caribe, relaciones genéticas.

@@@@ Acta biol. Colomb., 20(1):117-127, enero - abril de 2015 - 117
BY NC ND

doi: http://dx.doi.org/10.15446 /abc.v20n1.41946



Aguirre-Pabén J.C., Orozco Berdugo G. Jr., Narviez Barandica J.C.

INTRODUCTION

The giant tiger shrimp (Penaeus monodon) is a native species
of the Indo-Pacific Ocean, distributed in East Africa
(Tanzania, South Africa, Mozambique and Madagascar)
throughout the Arabian Peninsula, Southeast Asia (India,
Thailand, Vietnam, China, Korea) including the islands of
Taiwan, Japan, Philippines, Indonesia, Madagascar, Fiji and
Australia. Since P. monodon is subject to intense exploitation
in the wild and is the most farmed species in aquaculture, it
became the most commercially important shrimp species,
worldwide (Hulata, 2001). During the 1970s and 80s, global
production of tiger shrimp exceeded that of all other shrimp
species, favored widely by its introduction and farming
outside their native range in various West Africa countries
(Senegal, Gambia, Ivory Coast, Guinea and Angola) Europe
(Italy and Cyprus), Hawaii, United States and South America
(Colombia, Venezuela, Ecuador, Peru and Brazil).

The introduction of this species for cultivation brought
about the invasion of native ecosystems in several countries
around the world, including some in the western Atlantic.
Several hypotheses have been proposed to explain the
introduction of P. monodon in the Caribbean ecosystems,
including: 1. Individuals escaped from aquaculture facilities
into the surrounding environment as a result of accidental
release during harvesting as well as mass escape during
flooding events during storms and hurricanes, 2. Migrations
from areas where tiger shrimp have previously become
established inthe wild, and 3. Through ballast water discharge,
although this latter hypothesis is less feasible. Some cases of
farmed shrimp that have escaped and become established in
the natural environment are known, for example, in several
countries of West Africa and Hawaii resulting in relatively
common catches, suggesting establishment of populations
in the natural environment (CABI-ISC; http://www.cabi.org/
isc/datasheet/71093). In the United States, these shrimp have
been captured from the coasts of North Carolina to Texas,
after an accidental escape of roughly 2000 animals from an
aquaculture facility in South Carolina in 1988. However, it is
not believed that these animals established new population,
catches have increased, starting with six animals in 2006 and
increasing to 273 in 2011 (Knott etal., 2012).

The situation in the coasts of South America is similar.
Fishermen on the Atlantic coast from Guyana to Colombia
and off the coast the Dominican Republic in the Caribbean
Sea occasionally report catches of giant shrimp. The first
official reports began in Brazil in the States of Maranhao
(Fausto-Filho,1987;Santosand Coelho,2002), Pernambuco,
Alagoas (Coelho et al., 2001) Amapa (Silva et al., 2002) and
Sergipe (Santos and Coelho, 2002). In Venezuela it has been
reported officially in the Anzodtegui coast, in the Orinoco
River delta in Golfo de Paria (Aguado and Sayegh, 2007;
Altuve et al., 2008). In Puerto Rico they have been found
in the Boquilla de Mayagiiez (Ramos, 2012). Their catch in
Colombia has been recorded more often in the Caribbean,

118 - Acta biol. Colomb., 20(1):117-127, enero - abril de 2015

mainly in the Golfo de Morrosquillo (Alvarez-Leén, 1982)
and Bahia de Cispat4 in Cérdoba Province (Alvarez-Ledn
and Gutiérrez-Bonilla, 2007); the Cabo de la Vela and
Punta Gallinas in Guajira Province (Gémez-Lemos and
Campos, 2008); and the Ciénaga Grande de Santa Marta in
Magdalena Province (SIBM-INVEMAR, 2008).

In populations, introduced and established through a
founder effect, the ability to adapt to a new environment
depends not only on external factors such as predation,
competition, diseases or characteristics of the habitat invaded,
but also on their genetic potential (Holland, 2000; Tsutsui
and Case, 2001) because high genetic diversity is positively
correlated with invasive success (Williamson, 1996). Thus,
a large number of introduced individuals with high genetic
diversity are predicted to increase the risk of establishment,
spread, and adaptation to new habitats (Garcia-Ramos and
Rodriguez, 2002; Stepien et al., 2002; Lockwood et al., 2005;
Stepien et al., 2005). Even if a founder effect is caused by
temporal and spatial waves of introductions originating from
multiple founding sources, it may fuel the genetic diversity
of an invasion, enhancing the capacity to adapt to new and
changing environments (Stepien et al., 2005). Invasions
caused by a small number of individuals usually exhibit low
genetic diversity due to the limited gene pool when compared
to source populations and this may cause demographic
bottlenecks as an effect in the post-introduction phase. In
these populations genetic drift and inbreeding have a greater
impact and natural selection is less effective (Frankham et al.,
2002; Allendorf and Luikart, 2007), resulting in a reduction
in survival and reproductive success of individuals (Frankham
et al., 2002), with a consequent loss of the genetic diversity
and adaptive potential of the population.

Despite the threat that P. monodon represents for native
biodiversity and ecosystem stability in the Great Caribbean,
because of its predatory habits, high fertility rate, it carries a
variety of exotic pathogens (e.g. virus) and apparently does
not have any natural predators, research on its economic
and ecological impact is currently lacking. Likewise, nothing
is known about their origin and the genetic potential to
establish, proliferate and colonize new environments.
Therefore, the aim of this study was to determine the origin
of invasive populations of Penaeus monodon in the Colombian
Caribbean and assess their genetic diversity for the purpose
of discussing about the risk of establishment in local
environment. In this study we used the mitochondrial DNA
control region due to its smaller effective population size,
more rapid extinction of lineages, and lack of recombination
would be especially useful in detecting low genetic variability
in new populations from founder effects (Avise, 2000).

MATERIALS AND METHODS

Collection of samples and DNA isolation

Tissue samples from 16 specimens of P. monodon were
collected in the Golfo de Salamanca, Magdalena
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Province, Colombia (11°2°20” N-74°15’11” W)
during April 2012, (Fig. 1). Tissues of pleopods were
preserved in absolute alcohol and DNA was isolated
using a commercial kit (DNA Extraction MasterPure™ of
Epicentre Biotechnologies, U.S.A.).

Amplification and sequencing

The mitochondrial DNA control region (mtDNA-CR)
was amplified by PCR using primers 12S (forward)
5’-AAGAACCAGCTAGGATAAAACTTT-3’and PCR-1R
(reverse), 5’-GATCAAAGAACATTCTTTAACTAC-3’ from
Chuetal., (2003). The reaction was done in a 25 pL reaction
volume with a final concentration of 1x Buffer, 2 mM MgCl ,
0.2 mM of dNTPs, 0.3 pM of primers, 0.05 U of Taq DNA
Polymerase and 50-100 ng/mL of template DNA. The PCR
was run in a thermocycler ESCO Swift ™ MaxPro with the
following temperature profiles: initial denaturation at 94 °C
for 5 min followed by 30 cycles of 94 °C for 1 min, 57.2 °C
for 30 s foralignment, and 72 °C for 1 min for extension, and
a final extension at 72 °C for 3 min. The amplified products
were purified and sequenced at Macrogen Inc. Additionally,
for phylogeogrpahic comparisons, 342 sequences from the
Indo-Pacific populations (Ky: Kenya, Mg: Madagascar, Ind:
India, ThE: Thailand East, ThW: Thailand West, Vn: Vietnam,
Ch: China, TaE: Taiwan East, TaNE: Taiwan Northeast,
TaW: Taiwan West, TaS: Taiwan South, Ph: Philippines and
Aus: Australia) were obtained of GenBank with accession
numbers EU426576 - EU426831, FJ226007 - FJ226027,
EU368046 - EU368113 and DQ311142.

Analysis of information

All sequences were edited and aligned in the programs
BioEdit v7.0.5 (Hall, 2001) and MEGA v5.02 (Tamura et al.,
2011). The alignment quality was also inspected visually.
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Genetic status of the invasive species P. monodon in
Colombia

The genetic status of invasive tiger shrimp in Colombia and
Indo-Pacific populations was determined by estimating
the nucleotide substitution parameters (percentage of
nucleotide composition, ts: transitions, tv: transversions,
subs: substitutions and indels) and genetic diversity
indices (HD: haplotype diversity, T: nucleotide diversity
and S: polymorphic sites) with the program Arlequin 3.1.1
(Excoffier et al., 2006).

Possible source of invasive P. monodon in Colombia

The possible source population of the invasive tiger
shrimp in Colombia was assessed by determining the
genetic relationships between Colombian and Indo-Pacific
populations. For this purpose, a Neighbor-Joining tree
was constructed in MEGA v5.02 (Tamura et al., 2011).
A genetic distance matrix was calculated with pairwise
®st comparisons and an Analysis of Molecular Variance
(AMOVA; Excoffier etal., 1992) was performed assuming all
samples from each country as independent populations. All
these analyzes were performed using the Tamura-Nei model
and correction factor Gamma of 0.51 (TN+G; Gamma =
0.51) in the program Arlequin 3.1.1 (Excoffier et al., 2006).
The program Modeltest 3.06 (Posada and Crandall, 1998)
indicated that the model GRT+G+| was ideal for the control
region of the mitochondrial DNA. However, due to the
limitations of the software a different yet similar model
TN+G was used, a part of Arlequin 3.1.1 (Excoffier et dal.,
1992), which encapsulates the more complex models that
are summarized within TN+G. Finally, a haplotype spatial
distribution graphic was made in order to understand
the nature of the geographical relationship between the
haplotypes present in the Colombian population and those

Figure 1. A. Specimen of the invasive P. monodon caught in the Golfo de Salamanca, and B. Several specimens with native shrimp Farfantepenaeus

spp. in the Ciénaga Grande de Santa Marta (Colombia).

Acta biol. Colomb., 20(1):117-127, enero - abril de 2015 = 19



Aguirre-Pabén J.C., Orozco Berdugo G. Jr., Narviez Barandica J.C.

of the Indo-Pacific region. To this end, the frequency matrix
obtained in Arlequin was used.

RESULTS

Genetic status of the invasive species P. monodon in
Colombia

Atotal of 358 sequences with alength of490bp were obtained.
The percentage of nucleotide composition of the sequences
was similar in all populations but the nucleotide substitution
parameters (ts, tv, subs and indels) differed greatly. The
Colombian population presented lower substitution
values (ts = 4, tv = 3, subs = 7 and indels = 3), whereas the
Indo-Pacific populations showed a large variability in the
nucleotide substitution of sequences (mean values: ts = 69,
tv = 33, subs = 102 and indels = 9). The analysis of genetic
diversity recorded 303 haplotypes of the 358 sequences used
in the study, the Colombia population with 16 sequences
recorded only three haplotypes and their genetic diversity
was extremely low (HD = 0.242+0.135, m = 0.2%+0.002 and
S = 8) compared to Indo-Pacific populations (mean values:
HD=0.998+0.018, m = 6.2%+0.031 and S = 95) (Table 1).

Source of the species invasive P. monodon in Colombia

The Neighbor-Joining tree (TN+G; Gamma = 0.51) used
to explore the relationships of the Colombian population
when compared to Indo-Pacific populations showed that
three haplotypes recorded in the 16 sequences are related to
haplotypes found in populations from Thailand, Vietnam,
Philippines, Taiwan and Australia (Fig. 2).

The genetic distance matrix showed a highly significant
differentiation between the Colombian population and the
Indo-Pacific ones. The lowest values of ®st were registered
for China (Col vs Ch = 0.199), Vietnam (Col vs Vn = 0.258),
Taiwan (Col vs TaW = 0.301) and Philippines (Col vs Ph =
0.330), whereas there was an increased differentiation with
those populations from the Indian Ocean (India, Kenya and
Madagascar), even at the species level (Table 2). The AMOVA
verified this differentiation among populations (®ct = 0.49,
p =0.0009, Variation = 49.1%) and within populations (st
=0.49, p = 0.0000, Variation = 51.0%).

The spatial distribution of haplotypes showed that the
most common haplotype in the Colombian population
(H1 =14/16 or 87.5%) was shared with Taiwan, the second
one (H2 = 1/16 or 6.25%) was shared with the Philippines
and Thailand, and the third one (H3 = 1/16 or 6.25%) was
unique (private) to the Colombian groups. However, this
doesn’t mean that the source of this haplotype (H3) is not
the Indo-Pacific. Rather, it means that in order to confirm
if this is a real private haplotype, increased sampling of the
source populations is needed (Fig. 3).

DISCUSSION

Genetic status of the invasive species P. monodon in
Colombia

A reduced genetic diversity found in the invasive population
of P. monodon in Colombia, compared to native Indo-Pacific
populations suggests that the invasion of this shrimp is a
result of a founder effect. This means that a few individuals,

Table 1. Nucleotide substitution parameters and indices of genetic diversity of invasive P. monodon populations in Colombia compared to Indo-

Pacific populations.

Region Location N ts tv subs indels  NH HD+SD m(%)+SD S
Caribbean Sea Colombia 16 4 3 7 1 3 0.242+0.135 0.2+0.002 8
Australia 28 71 15 86 6 28 1.000+0.009 4+0.020 83
Philippines 35 88 33 121 5 34 0.998+0.007 4.3+0.022 104
China 68 119 73 192 19 67  0.999+0.002 10.6+0.051 165
Taiwan E 9 44 9 53 4 9 1.000£0.052 4.4+0.024 52
Pacific Ocean Taiwan NE 14 52 13 65 4 14 1.000+0.027 3.6+0.019 62
Taiwan S 15 40 10 50 4 14 0.991+0.028 2.6+0.014 48
Taiwan W 22 73 47 120 14 22 1.000+0.014 5.5+0.028 122
Vietnam 34 96 50 146 17 32 0.996+0.008 11.4+0.056 127
Thailand E 31 82 62 144 17 30  0.998+0.009 13.8+0.068 134
Thailand W 28 91 53 144 19 28  1.000+0.009 13.3+0.066 136
indian Ocean India 21 35 38 73 9 18 0.986+0.019 2.0+0.011 72
Kenya 12 45 10 55 0 12 1.000+0.034 2.6+0.014 51
Madagascar 25 66 17 83 0 25 1.000+0.011 2.9+0.015 73

2N: Number of sequences, ts: transitions, tv: transvertions, subs: substitutions, NH: Number of haplotypes, H: Diversity of haplotypes, m: Nucleo-

tides diversity, S: polymorphic sites, SD: Standard Deviation.
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Figure 2. Neighbor-Joining tree (TN+G; Gamma =

@ Colombia

® Kenya

O Madagascar
India
Thailand E

® Thailand W

® Vietnam

@ Philippines

® Taiwan E

® Taiwan NE
Taiwan S
Taiwan W
Australia

0.51) illustrating the relationships of the sequences of Colombia’s
population compared with the Indo-Pacific populations. H1, H2 and H3 correspond to haplotypes recorded in the population
in Colombia.

Table 2. Genetic relationships with pairwise ®st comparisons between populations in Colombia and those from the Indo-
Pacific using Tamura-Nei model (TN+G; Gamma = 0.51).

Col Ind Aus Ph Ky Mg ThE  Thw TaE TaNE TaS TawW Vn Ch
Col -
Ind 0.952
Aus 0.568 0.874 -
Ph 0.330 0.859 0.124 -
Ky 0.959 0.703 0.872 0.860 -
Mg 0.940 0.675 0.879 0.870 0.004*
ThE 0.348 0.496  0.295 0.255 0.536 0.602 -
Thw  0.451 0.357  0.408 0.387 0.453 0.518 0.000* -
TaE 0.497 0.890 0.137 -0.036* 0.882 0.889 0.182 0.308
TaNE 0.438 0.880 0.093 -0.02* 0.875 0.883 0.212 0.338  -0.054*
TaS 0416 0.909 0.299 0.036* 0.908 0905 0.239 0.364 0.033* 0.057*
Taw  0.301 0.839 0.140  -0.001* 0.836 0.854 0.1774 0306 -0.034* -0.001* 0.023* -
Vn 0.258  0.621 0.162 0.107 0.633 0.685 0.013* 0.107  0.055* 0.085* 0.115  0.048* -
Ch 0.199 0.612  0.165 0.088 0.640 0.676 0.033* 0.137 0.052* 0.076 0.085* 0.041* -0.012%

2 Col: Colombia, Aus: Australia, Ph: Philippines, Ky: Kenya: Mg: Madagascar, ThE: Thailand East, ThW: Thailand West, TaE: Taiwan East: TaNE:
Taiwan Northeast, TaS: Taiwan South, TaW: Taiwan West, Vn: Vietnam, Ch: China. * Statistic value not significant (p<0.05).
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Figure 3. Spatial distribution of shared (colored) and private (white) haplotypes populations of P. monodon from Colombia and Indo-Pacific.
Percentage values represent the number of private haplotypes, except for Colombia that represents the most common haplotype shared.

representing a small part of the gene pool of the native
population, originated the current invasive population. Even
when we compare the data from the invasive population
with other studies of native populations (e.g. Kumar et al.,
2007; You et al., 2008; Zhou et al., 2009; Walther et al.,
2011; Waqairatu et al., 2012), their genetic diversity remains
low (Table 3).

Genetic diversity loss associated with a founder effect
has been observed in other invading organisms. Several
studies in different species using dominant and co-
dominant molecular markers have documented the loss of
genetic diversity in introduced organisms compared to their
source populations (Table 3). For example, Betancuretal.,
(2011) using mtDNA to reconstruct the lionfish invasion
(Pterois volitans) in the Great Caribbean, found that invasive
populations have significantly lower levels of genetic
diversity relative to their native counterparts, confirming
that their introduction resulted in a strong founder effect.
Apparently this is not an uncommon process, because it
has always been thought that introduced populations of
invasive species should experience loss of genetic diversity
relative to native sources because of founder effects and
post-introduction demographic bottlenecks (Dlugosch
and Parker, 2008).
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Source of the invasive Species P. monodon in Colombia
The genetic relationships analysis (pairwise @st comparisons
and Neighbor-Joining tree) showed that the population of
tiger shrimp from Colombia is significantly differentiated
from populations in the Indian Ocean populations (Kenya,
Madagascar and India) and has a lower degree of divergence
with those Pacific populations (China, Vietnam, Taiwan and
the Philippines, mainly). Although the degree of divergence
from the Pacific Ocean populations is high and may be the
result of historical processes, this information shows that
the origin of invasive tiger shrimp in Colombia is some part
of the Pacific Ocean. The spatial distribution of haplotypes
allowed establishing their possible origin. The most
common haplotype (H1 = 87.5%) is shared with Taiwan
and a second (H2 = 6.25%) is shared with the Philippines
and Thailand. This shows that the invasive population of
P. monodon in Colombia apparently came from these three
populations, but mainly from Taiwan. The third haplotype
(H3 = 6.25%) was not shared (private haplotype), indicating
the likely introduction from another population from sites
not included in this study.

However, there is no way to point out the entry process
that led to the invasion. They have raised three possible
scenarios: 1.The escapement from aquaculture facilities; 2.
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Migrations from areas where tiger shrimp have previously
become established in the wild; and 3.Through ballast
water discharge. However, genetic conditions as poor as
that found in the population of P. monodon in Colombia may
indicate an invasion caused by leakage from farming systems.
It is well known that captive populations for commercial
purposes are formed by founder effect, that always begin
with an artificial bottleneck, where a few individuals are
recruited from the natural population (representing only
a small part of the gene pool) and are then subjected to
selective crosses, causing the loss of genetic diversity due
to consanguinity and genetic drift. It is also likely that the
individuals of the invading population did not suffer from a
single founding effect, but in fact a double effect due to the
fact that the shrimp that colonized the Colombian coastal
waters originated from cultivation systems, already having
initially suffered a first effect.

Benzie (2000) provides evidence of the above when
comparing the loss of genetic diversity in wild and cultured
populations of the genus Penaeus (including to P. monodon)
with several markers such as isoenzymes, RAPD and mtDNA.
Even, Sbordoni et al. (1987) recorded decline in observed
heterozygosity in seven generations (F1 = 0.102 - F7 =
0.018) on P. japonicus stocks that had been introduced into

Italy, reducing hatching rate of 50% to 10% as a result of
inbreeding because of the founder effect.

Furthermore, there is evidence that Colombia imported
a stock of P. monodon for aquaculture from Brazil in 1987
(Alvarez-Leén and Gutiérrez-Bonilla, 2007) and the latter
made two introductions of this species: the first, from
Philippines in the 70’s by Empresa de Pesquisa Agropecudria
do Estado do Rio Grande do Norte (EMPARN: a State
research division dedicated to farming, cattle raising and
aquaculture studies) (Madeiros et al., 2006; Ledo et dl.,
2011) and the second, from Taiwan in 1984 by a cultivation
enterprise in Valenca (Bahia STATE) (Madeiros et al., 2006).

The first report of its increasingly common occurrence
in the fisheries of South American coasts appears to be
consistent with this introduction period. For example,
Fausto-Filho (1987) described the presence of this species
in the coastal waters of states from Santos and Maranhdo
(Brazil), and proposed that their occurrence in the natural
environment could be linked to the escape of culture
facilities nearby. Likewise, Altuve et al., (2008) considered
the possibility that the species escaped to the environment
during this initial phase and reached the Brazilian Northeast
Atlantic Ocean; later their larvae dispersed northwards
with the Guyana current and arrived in the east coasts

Table 3. Comparison measures of genetic diversity between native and introduced populations of several species with different molecular

markers.

Species State Marker  #Pops n H/N, HD/H_ /A Author
| 1 16 3 0.242 0.002  Current study
N 4 20 29 0.996 0.062  Zhouetal., 2009
N 8 10 - 0.780 0.034 Kumar et al., 2007
Penaeus monodon CR
N 9 35 35 0.992 0.043  Youetal., 2008
N 6 19 - - 0.018  Waltheretal., 2011
N 16 23 15 0.830 0.040  Waqairatu etal., 2012
N 2 35 36 0.965 0.019
Pterois volitans CR Betancuretal., 2011
| 6 122 9 0.633 0.003
N 5 10 5 0.813 0.007
Limnomysis benedeni COl —
| 11 9 4 0.634 0.006  Audzijonyte etal., 2009
N 17 17 - 0.762 -
Carcinus meanas COl Darling et al., 2008
I 19 24 - 0.260 -
N 16 18 8.55 0.710 4.35 .
Carcinus meanas SSR Darling etal., 2008
| 15 36 4.88 0.569 3.08
N 3 30 0.425 4.47 )
Bythotrephes longimanus SSR Colautti et al., 2005
| 3 25 - 0.186 2.93
_ _ N 1 45 - 0.177 1.50
Pacifastacus leniusculus Prot Agerberg and Jansson, 1995
| 1 36 - 0.079 1.25

*N: Native, I: Introduced, #Pops: number of populations assessed, n: Mean number of individuals, H: number of haplotypes, N,: number of
alleles, HD: haplotype diversity, H_: expected heterozygosity, 1m: nucleotide diversity, A: allelic richness. CR: Control Region DNA mitochondrial,
COl: Cytochrome Oxidase subunit 1, SSR: Simple Sequence Repeat, Prot.: Protein.
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of Venezuela and Colombia. These authors base their
hypothesis on report catches in the French Guiana coast,
near the Brazilian border.

However, it can’t be ruled out the existence of another
processes, like the introduction through ballast water,
pathways or migration from other areas of establishment
following ocean currents. According Tavares and Braga
(2004), P. monodon and other five species of Indo-Pacific
native crustaceans, reached the eastern Mediterranean
through the Suez Canal, and subsequently were transported
in ballast waters to the Western Atlantic. Similarly, Campos
and Turkay (1989) suggested this path for the crab Charybdis
hellerii, a native species from the Indo-Pacific and first
recorded for the Western Atlantic in Bahia Portete (La
Guajira, Colombia).

The establishment risk of invasive species P. monodon in
Colombian Caribbean

According to Crooks and Rilov (2009) during the invasion
process, the establishment stands at the interface between
the initial introduction of invaders and their integration
into the ecological community. Although the edges of this
transitional phase tend to blur, invader establishment is
generally related to the survival of initially transported
individuals to form reproducing and expanding populations,
influenced both by the characteristics of the invader and the
receiving ecosystem.

Penaeus monodon, is a species with a wide range of
tolerance to changes in environmental conditions. It
can live in freshwaters and even in areas where salinities
exceed 35 %o. The species withstands wide ranges in
temperature (13°C-33°C) and dissolved oxygen (<3 and
>5 mg/L). It also has a high fertility rate (from 500.000
to 750.000 eggs), a fast growth rate and an aggressive
predator behavior, feeding mainly on small crabs, shrimp,
bivalves, gastropods, fish and polychaetes (Marte, 1980;
Su and Liao, 1986; FAO, 2005). Furthermore, it can
occupy numerous ecosystems such as lagoons, estuaries,
mangroves, the intertidal zone, coral reefs and muddy or
sandy bottoms. All these features, combined with their
large size (33 cm aprox.) and the lack of predators and
challengers, make it a successful organism able to invade
new habitats and niches and to establish easily.

Although nothing is known about the impact these
shrimp may have on native biodiversity and ecosystem
integrity, in recent years it has become more common to
find reports of their presence along the coasts of Brazil,
Venezuela, Colombia, Puerto Rico and the United States.
Moreover, there is evidence to believe that the species is
reproducing and completing all its life history stages in
Caribbean waters; for example, several authors (Santos
and Coelho, 2002; Aguado and Sayegh, 2007; Altuve et
al., 2008) have reported catches of adult individuals in
marine environments and young ones in estuarine waters.
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Even, Aguado and Sayegh (2007) mention the capture of
ovigerous females in the Orinoco’s delta. These findings
show the high probability that the species is established
or is being established on the South American coasts,
representing a major threat to native biodiversity, since the
presence of early life stages in lagoon or estuarine systems
could threaten and displace native species (e.g. Xiphopenaeus
kroyeri and Farfantepenaeus spp.) as a result of competition
for space and food. In addition, large sizes achieved in the
adult stage and their generalist habit, may allow easily prey
on any native species, including other shrimps (Medellin et
al., 2011). The above results suggest that P. monodon could
be altering the dynamics of populations of native species,
changing the structure and function of ecosystems and
causing economic significant losses in small-scale fisheries.

On the other hand, poor genetic diversity observed in the
population of P. monodon in Colombia could be one favorable
aspect in limiting their potential to reproduce, adapt and
survive. In this sense, under a constant and selective pressure
(e.g. fishing) it could be easier to control and manage their
invasive process. However, considering that the invasive
process of this species extends beyond the local level, it is
necessary to determine through different markers (mtDNA-CR
and microsatellite) several important aspects: 1.Whether such
poor state of genetic diversity is the same in the population
distributed throughout the Caribbean, 2. Whether there is one
or several distinct populations and 3. Whether the invasion
was produced by a single or by multiple introductions, as the
emergence of novel genotypes combinations can promote
accelerated rates of evolution and expansion.

It should be considered that the loss of genetic diversity
caused by bottlenecks during a founder effect does not
always produce negative effects for adaptation and survival
of populations. According to Lee (2002) and Barton and
Turelli (2004) bottlenecks may create opportunities for
new allelic combinations, converting genetic variation due
to epistatic or dominance interactions into additive genetic
variation. Therefore, increased additive genetic variance
during invasion would increase heritable phenotypic
variation, providing fuel for evolutionary adaptation in novel
environments (Lee, 2002). Also, another important factor
to consider is the type of introduction through which the
invasion took place, because a single introduction of a large
number of individuals or multiple introductions can reduce
bottleneck effects as they provide gene flow between source
and destinations. Furthermore, the crossing of populations
of distinct origin is characterized by an increase in genetic
diversity in the invading group (Kolbe et al., 2004). These
processes give rise to new genotypes that are possibly more
adapted to the new environment and that also promote
accelerated rates of evolution and ranges of expansion.

Finally, it is necessary to supplement this information
with other ecological studies documenting aspects such as
their life history, feeding habits, current population status
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(abundance and colonization), and fisheries aspects,
among others, throughout the area of invasion. Likewise,
we discuss the need to create a regional network to further
characterize genetically established populations in the Great
Caribbean to infer processes of colonization and establish
management measures.

CONCLUSIONS

Penaeus monodon is a native species of the Indo-Pacific. It
was imported for cultivation in several countries around
the world and currently is found on natural environment in
the Atlantic Ocean (eg. Mexico, USA, Puerto Rico, Brazil,
Guyana, Venezuela), including the Colombian Caribbean
Sea. Despite the risk that could be represented, no studies
have been conducted to evaluate basic aspect their invasive
process in order to understand source and genetic status.
This study reveled that Colombia’s population had low
genetic diversity compared to its native counterpart of
Indo-Pacific, suggesting that the introduction was possibly
due to a founder effect, related to cultivation attempts of
the species, where the specimens apparently come from
Taiwan and the Philippines and they were imported by Brazil
for cultivation. We discuss the need to create a regional
network to characterize the established populations in the
Great Caribbean, with the purpose of inferring colonization
processes and the establishment of management measures.
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