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ABSTRACT
Keywords: In Colombia, the control of giant African snail populations (Achatina fulica) has been enforced for
Control the past eight years according to the Environmental, Housing, and Territorial Development Ministry
Human dimension (MAVDT from its initials in Spanish). During this period, the environmental authorities have carried
Invasive species out a series of campaigns for snail eradication and to raise awareness in the general community
Stakeholder to involve it in the control of this invasive species. In order to inquire about the perception of the

citizens of Cali, Colombia, have of the giant African snail and their role as primary stakeholders in the
local control programs, a structured survey was done, and the dependency on the sociodemographic
characteristics was established through Fisher's exact test. 316 people took part in the survey; over
80% of the individuals recognized the giant African snail and their form of control, but over 90% of
them did not participate in the control campaigns. The perception of the giant African snail varied
noticeably with the respondents’ age and was independent of socio-economic and educational level.
In conclusion, it was detected a solid dissociation between people and the actions carried out by the
environmental authority. It is recommended to take into account people’s concept of invasive species
control in other cities as a fundamental instrument in the construction of a more dynamic and inclusive
control model.

RESUMEN
Palabras clave: En Colombia, el control de las poblaciones del caracol gigante africano (Achatina fulica) lleva ocho
Control afios de vigencia de acuerdo con el Ministerio de Ambiente, Vivienda y Desarrollo Territorial (MAVDT).
Dimensién humana Durante este tiempo, las autoridades ambientales han realizado una serie de jornadas de erradicacion
Especie invasora del caracol y concientizacion de la comunidad para involucrarla en el control de esta especie invasora.
Actor social Con el fin de indagar en la percepcion de los ciudadanos de Cali, Colombia, sobre el caracol gigante

africano y su rol como actor principal en los programas de control local, se construyé una encuesta
estructurada y se establecié la dependencia de las caracteristicas sociodemogréficas mediante
la prueba exacta de Fisher. Participaron 316 personas en total; mas del 80% de los individuos
reconocen al caracol gigante africano y la forma de control, pero mas del 90% no participa en las
jornadas de erradicacion. La percepcion del caracol gigante africano cambié notablemente con la
edad de los encuestados y es independiente del nivel socioecondmico y educativo. En conclusion, se
detectd una fuerte disociacion entre las personas y las acciones que realiza la autoridad ambiental.
Se recomienda tener en cuenta el concepto de las personas en el control de otras especies invasoras
en otras ciudades como un instrumento fundamental en la construccion de un modelo de control més
dindmico y participativo.
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stakeholder is any individual, group or

organization who is affected (positively or

negatively) by invasive species, or who has

the capacity to promote or limit the invasive
species expansion, and its role in the management and
control programs would be a crucial factor to reduce
the effect of invasive species (Shackleton et al., 2018).
In Colombia, the giant African snail (Achatina fulica,
Bowdich 1822) was included in the list of exotics species
(MAVDT, 2008), and in an international scenario is
considered one of the most dangerous exotic invasive
species in the world (Lowe et al., 2000; de la Ossa et
al., 2017). A. fulica is a native snail from Eastern Africa;
from where, it has spread over large part of the world’s
tropical region during the past two centuries, bringing
negative consequences to ecosystems, economies,
and public health (Raut and Barker, 2002; Thiengo et
al., 2007; de la Ossa et al., 2017; Cérdoba et al., 2017;
Patifio and Giraldo, 2017). In countries such as the
United States, native species have been displaced by
competition with Achatina fulica (Roda et al., 2016). The
species is widely known due to the damage it produces
to crops in Ecuador, and the worldwide dispersion of
the nematode, Angiostrongylus cantonensis, from
China is attributed to the giant African snail (Castafio
and Garcia, 2014; Peng et al., 2017).

Due to the high economic and environmental costs
attributed to the giant African snail, different control
strategies have been adopted (da Silva and Marques,
2017). These strategies have been classified into
three main groups: physical, chemical, and biological.
Unfortunately, all the control and eradication strategies
implemented to stop the giant African snail expansion
have not been able to contain it (Correoso, 2006;
Garcés et al., 2016; Patifio, 2018; Smith et al., 2013;
Thiengo et al., 2007). For this reason, the concept of
eradication in the action plan against giant African snail
was replaced by the concept of management, and new
strategies using a combination of alternative methods
of control have emerged, local scientific studies about
the snail natural history and direct interaction with the
stakeholders, were designed in order to reduce the
negative impact of this species (Balfour and Alli, 2014).

According to the invasive species definition adopted
by the International Union for Conservation of Nature

(IUCN), people are a key factor in distribution,
establishment, and success of foreign species in
ecosystems (Lowe et al, 2000; Pereyra, 2016).
Therefore, the management of any invasive species
requires the correct articulation of the different sectors
or “actors” of the affected community. In general, the
community’s perception about the giant African snail
would be determined by the education level of the
inhabitants, the intensity of the divulgation campaigns,
the direction of the campaigns towards biological
knowledge or control methods, and the impact that the
mollusks have in their daily lives, among others (Rout et
al., 2014; Andreazzi et al., 2017). Moreover, the active
participation of stakeholders in the local management
plans could reduce the amount of money invested to
control this invasive species (Crowley et al., 2017a,
2017Db).

In Colombia, a regulatory ordinance for this snail control
just was signed in 2011, by that year its presence had
already been reported in ten departments of the country.
This ordinance set the responsibilities and obligations
that the regional and municipal environmental
authorities had to implement (MAVDT, 2011; Giraldo
et al., 2014). During the last ten years, A. fulica has
been considered an invasive species in Colombia, the
Regional Autonomous Corporations (CARs by its initials
in Spanish) have developed control activities, financed
scientific research, and carried out public citizen warning
activities on the giant African snail in their respective
regions (Garcés et al., 2016; Cordoba et al., 2017; de la
Ossa et al., 2017).

Valle del Cauca is the department of Colombia where
the greatest amount of research on the giant African
snail encompassed the ecology, genetics, parasitology,
and alternative control methods of the species have
been conducted, followed by the departments of Sucre,
Antioquia, and Santander. However, it has been widely
suggested that the giant African snail problem has not
yet been contained in these region (Giraldo et al., 2014;
Garcés et al., 2016; de la Ossa et al., 2017; Patifio and
Giraldo, 2017; Varela et al., 2017). For example, in
the biggest urban center of Valle del Cauca, the city of
Cali, the environmental authority started a giant African
snail control campaign based in manual recollection
since 2012. Despite this huge effort, the population of
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A. fulica continue latent. Therefore, to evaluate the role
of the people who live in Cali as a key stakeholder in the
local control program, it was evaluated their perception
about the giant African snail under the assumption that
the public warning campaigns have effectively reached
all sectors of the city and the results were contrasted
with other similar studies on this species (Moreira et al.,
2012; Luizaga et al., 2015; S& et al., 2016; Andreazzi
etal., 2017).

MATERIALS AND METHODS

Studied area

The city of Caliis located in the southwest of Colombia. It is
the administrative and financial center of the department of
Valle del Cauca and one of the largest cities in Colombia
with a population of around 2.5 million and a density of 51
homes per hectare. The urban area s divided administratively
into 22 communes that encompass 248 neighborhoods
(Alcaldia de Santiago de Cali, 2018) (Figure 1).
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Figure 1. Studied area of Cali’s urban zone and its administrative division by communes. Black points represent the respondents’ location.

Designed questionnaire

A questionnaire was designed to collect information
through a structured survey following the recommendations
of Garcia et al. (2008), Sa et al. (2016) and Andreazzi
et al. (2017). The questionnaire had three sections;
the first section contained questions related to socio-
demographic characteristics such as home location, age,
socio-economic stratum, and education level. The second
section contained general questions on the invasive
species, such as the concept of the species, negative
consequences of its presence, the subject broadcasting,
and environmental authorities in charge of dealing with
the invasive species. The last section encompassed
general information on the giant African snail, such as
how to identify it, negative consequences of its presence,
knowledge associated with parasites, control measures,
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participation in control efforts, and how the environmental
authority efforts were perceived.

The questionnaire consisted of 23 open-ended and
multiple-choice questions. The multiple-choice questions
used language categories such as “Yes or No” or a scale
of 1to 10, where 1 was the minimum score and 10 the
maximum score. The questionnaire was designed using
a virtual application for its later broadcasting using digital
and printed media. The statistical universe considered for
census accuracy estimation was the population of Cali,
and only one questionnaire per person was recorded.
For the digital broadcasting, the electronic address of the
questionnaire was divulged on social media and by email
between July 2017 and February 2018, reaching 1,200
people. The following criteria were used to stop receiving




questionnaire responses: (i) Obtaining the desired statistical
sample, 385 answered surveys considering physical and
digital broadcasting, corresponding to a 95% confidence
level and 5% error, (i) total coverage of the communities
in the Cali’s urban area, (iii) the distribution of surveys by
neighborhoods in Cali, and (iv) the number of days without
replies or with only one reply to digital questionnaires.

Statistical analysis

Responses to questionnaires were organized in a database,
similar to a presence-absence matrix, discriminating each
question and answers, with one corresponding to an answer
to the question and zero for the other options. The geographic
coordinates of respondents” homes were obtained manually
with Google Earth® program; age was grouped in categories
of 14t0 20, 21 to 30, 31 to 40, 41 to 50, and 50 and above.
For giant African snail locations, the categories of habitat
(green area, water sources, median strips, among others)
and the percentage of each type were calculated considering
the number of people reporting this species. The questions
with responses from one to ten were grouped into three
categories as follows: “low” when the answer ranged from
one to three, “medium” when the answer ranged from four
to seven, and “high” when the answer ranged from eight to
ten. The general trend of perception variables was evaluated
descriptively, and its dependency on socio-demographic
characteristics was evaluated with a contingency analysis
using Fisher's exact test in the STATA program version 14.

RESULTS AND DISCUSSION

A total of 316 surveys were processed, covering 137
neighborhoods of Cali’s 21 communes. Fifty-seven percent
of participants were from medium socio-economic level,
33% were from low, and less than 20% were from high.
Most participants were female (57.6%) ranging in age
from 21 to 30 years old (34.5%). There were responses
from people ranging an education level from primary
school to postgraduate studies, with an equal number of
participants from public and private institutions. One of the
main problems with invasive species management is that
it usually focuses on administrative-economic costs and
available scientific knowledge on the species and neglects
the social context (Garcia et al., 2008; Crowley et al.,, 2017b).
The heterogeneity of the community sharing space with
these species influences the execution of control plans,
and therefore awareness must be accompanied by an
exploration of knowledge appropriation and understanding

of the general problem (Shackleton et al., 2018). Table 1
represents the complexity of Cali’s society and not only of
a section of it, and this is relevant for detecting potential
conflicts among social actors (Rout et al., 2014; Andreazzi
etal.,, 2017; Crowley et al.,, 2017a; Waliczek et al., 2017).

90% of interviewed people stated that they knew what
an invasive species was, and 94% thought they were
dangerous, but 81% had not witnessed a divulgation
campaign on the issue. 61% of people did not know what
to do if they found these species and 59% did not know
to which environmental authority they should report the
problem (Figure 2).

Concerning the giant African snail, 79% of participants
considered they had a low to medium level of knowledge
on the giant African snail. 83% of interviewees considered
that the amount of information received was low to medium,
whereas perception of the veracity of the information was
homogeneously distributed over low, medium, and high
levels. When asked about the work of the environmental
authority in managing and controlling the species, 90% of
people perceived it as low to medium, with a consensus on
low performance of the authority (52%). People associated
the species with environmental damage and harm to public
health; over 55% of people considered that the species
produces great damage, although the trend was towards
greater harm to public health than to environmental damage.
Despite, this preconception there was little knowledge on the
parasites associated with the mollusk, and 65% of people
admitted not knowing on the associated parasites for which the
giant African snail is considered dangerous to public health.

Most scientific researchers on the relationship between
people — giant African snail suggest a negative perception and
a low knowledge about the snail by the studied community
(Moreira et al., 2012; Luizaga et al., 2015; S& et al., 2016;
Andreazzi et al., 2017). The same trend was established
for the city of Cali. However, knowledge in people about
control types methods and basic biological aspects of the
species was adequate. Therefore, the lack of access to this
knowledge should not be the cause of little active participation
in control activities (Rout et al., 2014). Unfortunately, this
little participation of the people in control activities tended
to reduce the effectivity of management policies and limits
the viability of alternative and inclusive methods of control
(Garcés et al., 2016; Shackleton et al., 2018).
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Table 1. Percentage of socio-demographic characteristics of people interviewed on perceptions of the giant African snail (A. fulica) in the city

of Cali.
Variable Category Participants (n=316) Frequency (%)

Gender Female 182 57.6
Male 134 424
14-20 44 13.9
21-30 109 34.5
31-40 48 15.2

Age
41-50 52 16.5
>50 62 19.6
No inform 1 0.3
Low 84 26.6

Socioeconomic level Medium 180 57.0
High 52 16.5
Elementary 7 2.2
High school 82 26.0

Educative level Technician 74 23.4
Undergraduate 92 29.1
Postgraduate 61 19.3
Public 152 48.1

Educational institution Private 153 48.4
No inform 11 3.5

Response percentage

Prior Knowledge  Divulgation Impact Reaction Report
Knowledge about invasive species

= No m Yes

Figure 2. Knowledge perception of invasive species by Cali’s interviewed people (n=316).

69% of the people surveyed indicated that they do not  of giant African snail when they detect them in their
know how to manipulate and dispose the individuals neighborhood. Moreover, 94% of interviewees had
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never participated in control efforts, either by their
own initiative, by the community association, or by the
environmental authority, and 88% stated that they have
not observed another invasive species besides the giant
African snail (Figure 3). Most people have observed the
giant African snail associated with green areas (61%) or

100% -
90% -
80% -
70% -
60%
50% -
40%
30% |
20% 7
10% |

0%

Response percentage

Knowledge Participation

gardens (14%), although their presence on crops and
even as pets in rural areas was also mentioned. Finally,
73% of the interviewees stated that they do not know if
nearby people have had situations with the giant African
snail, and 88% of interviewees did not know if there is
another species of invasive snail in Colombia.

Identification ~ Other invasive species

Control and knowledge about A. fulica

@ No

M Yes

Figure 3. Perception of control efforts and knowledge on the giant African snail (A. fulica) by people interviewed in Cali’s urban area

(n=316).

The general knowledge perception of invasive species
and methods of control were not related to any of the
socio-demographic characteristics evaluated in this
study. However, more men than women tended to
associate this species with the negative impact of its
presence on commerce, industry, and agriculture.
People between 14 and 20 years old tended to react
better to the presence of an invasive species around
them (Table 2). It is not clear why people from Cali
consider that the giant African snail is harmful in the
context of public health if they do not know about the
associated parasites. This association of the snail with
public health could be attributed to the influence of mass
media, which are the main source of divulgation on
Achatina fulica in Colombia, although it is not the most
reliable source (Russell and Balckburn, 2017; Patifio,
2018). Probably, the influence of the mass media on
the people’s knowledge about the giant African snail in
the city of Cali is the reason why most of the variables

of perception evaluated in this research depended on
age but not on education level. Taking into account that
the giant African snail was established as an invasive
species in Colombia since 2008 (MAVDT, 2008) and
that the public warning campaigns started since 2012,
it is necessary to direct a more significant effort of
sensitization and appropriation towards the citizens to
get them involved in the management program as the
key stakeholders.

There was a relationship of age, education level, and
type of educative institution with the perception variables
of giant African snails (P<0.05) (Table 3 and 4). People
over 30 years of age had a negative perception about the
level of knowledge on the mollusk (P=0.001), knowledge
of parasites (P=0.001), other invasive species (P=0.01),
sightings of the snail (P=0.001), knowledge of control
(P=0.004), perception of the received information
(P=0.001), and the work of the environmental authority
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Table 2. Relationship between socio-demographic characteristics and perception variables on biological invasion.

Socio Knowledge Impact Divulgation Reaction Report
gﬁ:‘r‘;gt’:fh'c Yes(%) No(%) Yes(%) No(%) Yes(%) No(%) VYes(%) No(%) Yes(%) No (%)
Gender

Female 161(88) 21(12) 167(92) 15(8)  30(16) 152(84) 69(38)  113(62) 70(38) 112(62)
Male 124(93)  10(7)  130(97) 4(3) 29(22)  105(78)  53(40)  81(60)  60(45)  74(55)
P-value 0.256 0.058 0.247 0.815 0.298
Age

14-20 42(95)  2(5)  43(98)  1(2)  11(25) 33(75)  25(57)  19(43)  22(50)  22(50)
21-30 100(92)  9(8)  102(94) 7(6) 18(17)  91(83)  43(39)  66(61)  48(44)  61(56)
31-40 38(79)  10(21)  44(92) 4(8) 5(10) 43(90)  15(31)  33(69)  14(29)  34(71)
41-50 48(92) 4(8) 49(94) 3(6) 10(19)  42(81)  16(31)  36(69)  18(35)  34(65)
>50 56(90)  6(10)  59(95) 3(5) 15(24)  47(76)  23(37)  39(63)  27(44)  35(56)
P-value 0.119 0.801 0.287 0.076 0.222

SE level'

Low 76(90)  8(10)  79(94) 5(6) 20(24)  64(76)  36(43)  48(57)  38(45)  46(55)
Medium 159(88) 21(12) 170(94)  10(6)  30(17) 150(83) 66(37) 114(63) 68(38) 112(62)
High 50(96) 2(4) 48(92) 4(8) 9(17) 43(83)  20(38)  32(62)  24(46)  28(54)
P-value 0.247 0.805 0.376 0.627 0.385
Educative level

Elementary 7(100) 0(0) 7(100) 0(0) 4(57) 3(43) 3(43) 4(57) 5(71) 2(29)
High school 75(91) 7(9) 75(91) 7(9) 11(13)  71(87)  33(40)  49(60)  31(38)  51(62)
Technician 64(86)  10(14)  73(99) 1(1) 15(20)  59(80)  29(39)  45(61)  28(38)  46(62)
Undergraduate ~ 83(90)  9(10)  83(90) 9(10)  16(17)  76(83)  34(37)  58(63)  37(40)  55(60)
Postgraduate 56(92) 5(8) 59(97) 2(3) 13(21)  48(79)  23(38)  38(62)  29(48)  32(52)
P-value 0.797 0.121 0.092 0.992 0.364
School

Public 136(89) 16(11)  145(95) 7(5) 30(20)  122(80)  62(41)  90(59)  57(38)  95(62)
Private 138(90)  15(10) 141(92)  12(8)  27(18) 126(82) 57(37)  96(63)  68(44)  85(56)
P-value 0.852 0.344 0.662 0.558 0.245

Socio-economic level.

(P=0.001), compared with people 14 to 29 years old.
Deeper knowledge on this subject depends on the type
of institution, with students or graduates from private
schools being more aware of the issues surrounding
them (P=0.038) (Table 3 and 4). Similar results have

been reported in Brazil where a close relationship has
been established between stratum and education level,
with some perception variables similar to those evaluated
in the present study (Sa et al., 2016; Andreazzi et al.,
2017; Shackleton et al., 2018).
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CONCLUSIONS

The people of the city of Cali of all economic conditions
and all academic level, manifested a negative perception
about the management actions carried out in the city by
local environmental authority against the giant African
snail invasion. This dissociation between people and
the actions carried out by the local environmental
authority must be solved to achieve the success of local
management plan for this invasive species. Therefore,
we recommend a deep adjustment of the institutional
management policy that was established to respond as
a city to the giant African snail invasion in Cali, being
required that people become the central stakeholder.

ACKNOWLEDGEMENTS

The authors thank the Universidad of Valle for logistical
and economic support during this study, the Regional
Autonomous Corporation of the Valle del Cauca (CVC
from its initials in Spanish), and the Administrative
Department of Environmental Management (DAGMA
from its initials in Spanish) for providing free access to
administration reports. Special thanks to Diego Cérdoba
and Juan José Gallego for broadcasting the survey.

REFERENCES

Alcaldia de Santiago de Cali. 2018. Informe de gestién del
municipio-2017. In: Alcaldia de Santiago de Cali, http://www.cali.
gov.co/documentos/1166/informes-de-gestion-del-municipio/. 948
p.; accessed: March 2018.

Andreazzi MA, Gasparotto F, De Souza EA, Novais C, Cracco
AF and Perez MA. 2017. Giant African snail, Achatina fulica
(Férussac, 1821): an environmental and public health problem in the
northwestern of Parana State, Brazil. Acta Scientiarum. Biological
Sciences 39(3): 301-311. doi: 10.4025/actascibiolsci.v39i3.35569

Balfour A and Ali N. 2014. An Economic Analysis of Three
Management Options of the Giant African Snail (Achtina fulica) in
Trinidad and Tobago. pp. 49-67. In: Ramnanan N (ed). Economic Impact
of IAS in The Caribbean: Case Studies, CABI. Trinidad y Tobago. 88 p.

Castillo Herrera S and Garcia Chacon GL. 2014. Poblacion y
control de caracol en el cultivar papaya en san antonio, Santa Rosa.
Bachelor’s Thesis in Agronomic Engineering. Facultad de Ciencias
Agropecuarias. Universidad Técnica de Machala, Machala. 58 p.

Cérdoba D, Patific A and Giraldo A. 2017. Prevalence of
Strongylida nematodes associated with African snail, Achatina fulica,
in Valle del Cauca, Colombia. Revista MVZ Cérdoba 22 (3): 6276-
6286. doi: 10.21897/rmvz.1132

Correoso M. 2006. Estrategia preliminar para evaluar y erradicar
Achatina fulica (Gastropoda: Achatinaceae) en Ecuador. Serie
Zooldgica 2: 45-52.

Crowley SL, Hinchliffe S and McDonald RA. 2017a. Conflict
in invasive species management. Frontiers in Ecology and the
Environment 15 (3): 133-141. doi: 10.1002/fee.1471

Crowley SL, Hinchliffe S and McDonald RA. 2017b. Invasive
species management will benefit from social impact assessment.
Journal of Applied Ecology 54(2): 351-357. doi: 10.1111/1365-
2664.12817

da Silva JD and Marques G. 2017. Achatina fulica (BOWDICH,
1882) (Gastropoda-Stylommatophora-Achatinidae) medidas adotadas
no controle da espécie em paises da América do soul. Semioses 11(2):
1-7. doi: 10.15202/1981996x.2017v11n2p1

de La Ossa J, de La Ossa A, Castro J, Monroy M and Fuentes
M. 2017. Incremento poblacional de Achatina fulica Bowdich 1822
(Mollusca: Gastropoda-Achatinidae) en una zona urbana de Sincelejo,
Sucre, Colombia. Asociacién Colombiana de Ciencias biolégicas
1(29): 21-29.

Garcés MF, Patifio A, Gémez M, Giraldo A and Bolivar W. 2016.
Sustancias alternativas para el control del caracol africano (Achatina
fulica) en el Valle del Cauca, Colombia. Biota Colombiana 17(1): 44-
52. doi: 10.21068/C2016v17r01a04

Garcia M, Martin B, Gonzalez JA, Alcorlo P and Montes C. 2008.
Social perceptions of the impacts and benefits of invasive alien species:
Implications for management. Biological Conservation 141(12): 2969-
2983. doi: 10.1016/j.biocon.2008.09.003

Lowe S, Browne M, Boudjelas S and de Poorter M. 2000. 100 of
the World’s Worst Invasive Alien Species: A Selection from the Global
Invasive Species Database. The Invasive Species Specialist Group
(ISSG) a specialist group of the Species Survival Comission (SSC) of
the World Conservation Union (IUCN), Auckland. 12 p.

Luizaga L, Lima F and Barbosa L. 2015. Microbiological conditions
and occurrence of the African land snail in Araguaina city at Tocantins
State, Brazil / Condi¢cdes microbiolégicas e de ocorréncia do caramujo
terrestre africano na cidade de Araguaina no Estado do Tocantins.
Journal of Bioenergy and Food Science 2(4): 234-238. doi: 10.18067/
jofs.v2i4.62

Ministerio de Ambiente, Vivienda y Desarrollo Sostenible-MAVDT.
2008. Resolucion 0848 de 2008. Colombia.

Ministerio de Ambiente, Vivienda y Desarrollo Sostenible-MAVDT.
2011. Resolucion 654 de 2011. Colombia.

Moreira Z, Souza S and Carvalho S. 2012. O caramuijo africano em
contexto escolar: as percepgdes de estudantes do ensino fundamental
e 0 estudo da helmintofauna associada ao caramujo em Barra do Pirai
(RJ). Ensaio Pesquisa em Educacao em Ciéncias Supl. 1. 14(3): 275-288.

Patifio A and Giraldo A. 2017. Variacién génica intrapoblacional
del caracol africano (Achatina fulica) en el d Valle del Cauca. Revista
MVZ Cérdoba: 5925-5937. doi: 10.21897/rmvz.1028

Patifio. A. 2018. Caracol africano en el Valle del Cauca: Estado
actual de la informacion, Morfologia y Control alternativo. Master's
Thesis in Science-Biology. Facultad de Ciencias Naturales y Exactas.
Universidad del Valle. Cali. 80 p.

PengJ, He ZP, Zhang S, Lun ZR, Wu ZD, Fan CK, Brown CL, Cheng
PC, Peng SY and Yang TB. 2017. Phylogeography of Angiostrongylus
cantonensis (Nematoda: Angiostrongylidae) in southern China and
some surrounding areas. PLoS Neglected Tropical Diseases 11(8).
doi: 10.1371/journal.pntd.0005776

Pereyra PJ. 2016. Revisiting the use of the invasive species
concept: An empirical approach. Austral Ecology 41(5): 519-528. doi:
10.1111/aec.12340

Raut SK and Barker GM. 2002. Chapter 3: Achatina fulica
Bowdich and other Achatinidae as Pests in Tropical Agriculture. pp.

Rev. Fac. Nac. Agron. Medellin 72(1): 8717-8727. 2019



55-114. In: Baker GM (ed.) Molluscs as crop pests. CABI Publishing.
Wallingford, Reino Unido. 468 p.

Roda A, Nachman G, Weihman S, Cong MY and Zimmerman F.
2016. Reproductive ecology of the giant African snail in South Florida:
Implications for Eradication Programs. PLoS ONE 11(11). doi: 10.1371/
journal.pone.0165408

Rout TM, Moore JL and McCarthy MA. 2014. Prevent, search or
destroy? A partially observable model for invasive species management.
Journal of Applied Ecology 51(3): 804-813. doi: 10.1111/1365-2664.12234

Russell JC and Blackburn TM. 2017. The rise of invasive species
denialism. Trends in Ecology & Evolution 32(1): 3-6. doi: 10.1016/].
tree.2016.10.012

Sa JC, Aratjo FL, Teixeira RG, Dos Santos WS and Ferrari SF.
2016. Education as controlling factor of invasive species (Achatina
fulica) in an amazonian city, Brazil. Creative Education 7(1): 159-170.
doi: 10.4236/ce.2016.71016

Shackleton RT, Adriaens T, Brundu G, Dehnen-Schmutz K,
Estévez RA, Fried J, Larson BMH, Liu S, Marchante E, Marchante
H, Moshobane MC, Novoa A, Reed M and Richardson DM. 2018.

Stakeholder engagement in the study and management of invasive
alien species. Journal of Environmental Management. 229: 88-101. doi:
10.1016/j.jenvman.2018.04.044

Smith TR, White-Mclean J, Dickens K, Howe AC and Fox A. 2013.
Efficacy of four molluscicides against the giant African snail, Lissachatina
fulica (Gastropoda: Pulmonata: Achatinidae). Florida Entomologist 96(2):
396-402. doi: 10.1653/024.096.0202

Thiengo SC, Faraco FA, Salgado NC, Cowie RH and Fernandez
MA. 2007. Rapid spread of an invasive snail in South America: the giant
African snail, Achatina fulica in Brasil. Biological Invasions 9(6): 693-702.
doi: 10.1007/s10530-006-9069-6

Varela RE, Arias JS and Velasquez LE. 2017. Estandarizacion
de una prueba de reaccion en cadena de la polimerasa en tiempo
real maltiple para la identificacion de Angiostrongylus cantonensis, A.
costaricensis y A. vasorum. Biomédica 38(1): 111-119 doi: 10.7705/
biomedica.v38i0.3407

Waliczek TM, Williamson PS and Oxley FM. 2017. College student
knowledge and perceptions of invasive species. HortTechnology 27(4):
550-556. doi: 10.21273/HORTTECH03709-17

Rev. Fac. Nac. Agron. Medellin 72(1): 8717-8727. 2019







