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ABSTRACT

Colombia’s First Scientific Expedition to the Antarctic was performed between December of 2014 and April 
of 2015 on board the ship ARC “20 Julio”. Before and after departure, divers collected samples of marine 
organisms adhering to ship´s submerged external structures. The marine invertebrates were taxonomically 
identified and the condition of origin (native species, invasive or cryptogenic) was established. The marine 
fauna was represented by phylum arthropod, mollusk, annelid and porifera. The Balanidae family contributed 
the largest number of individuals, consisting of the species Balanus Amphitrite, Balanus reticulatus and 
Balanus eburneus, followed Mitilidae family, represented by species such as Brachidontes domingensis and 
Brachidontes exustus. The species identified are recognized as common members of fouling communities 
around the world and some have been listed as introduced to the Cartagena Bay. This research is developed 
as a basis for future studies of fouling organisms in the port of Cartagena, to minimize, control or prevent 
negative effects on port and shipping activities and the expansion of marine species into new marine coastal 
areas.

KEYWORDS: Marine invertebrates, introduced species, Biofouling, ARC “20 de Julio”, Colombia’s First 
Scientific Expedition to the Antarctic. 

RESUMEN

A bordo del buque ARC “20 de Julio” se realizó la Primera Expedición Científica a la Antártida entre 
diciembre del 2014 y abril del 2015. Antes y después del zarpe, se colectaron mediante buceo, muestras 
de organismos marinos adheridos a las estructuras externas sumergidas del buque. Los invertebrados 
marinos colectados se identificaron taxonómicamente y se estableció su condición de origen (especies 
nativas, invasoras o criptogénicas). La fauna marina estuvo representada por los filos artrópodo, molusco, 
anélido y porífera. La familia Balanidae aportó el mayor número de individuos, conformada por las especies 
Balanus amphitrite, Balanus reticulatus y Balanus eburneus, seguida de la familia Mitilidae, representada por 
especies como Brachidontes domingensis y Brachidontes exustus. Las especies identificadas en el estudio, 
se reconocen como miembros comunes de las comunidades bioncrustantes alrededor del mundo y algunas 
han sido catalogadas como introducidas para la bahía de Cartagena. La presente investigación se desarrolló 
como base de futuros estudios sobre organismos incrustantes en el puerto de Cartagena, tendientes a 
minimizar, controlar o evitar efectos negativos sobre las actividades portuarias y navieras, y la expansión 
de especies marinas a nuevas áreas marino-costeras. 
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INTRODUCTION 

It is known that worldwide it has been 
established that between 3000 and 7000 
organisms of intrusive species are transported 
on ships daily (Carlton J., 1999). According 
to Hewitt & Campbell (2010), 1780 marine 
and estuarine intrusive species have been 
recorded in the world, of which 86.3 % have 
been introduced by means of ballast water 
and fouling of ships (Okolodkov & García, 
2014). The latter corresponds to the fauna 
and flora that adheres to the submerged 
external structure of the ship (Okolodkov, et 
al., 2007), as a product of the interaction of 
physical, chemical and biological processes, 
which favor the adsorption of the surface of 
organic molecules and the establishment 
of microfouling or "silt" (bacteria, benthic 
diatoms, spores, microalgae, fungi, as well 
as protozoa) and after a few weeks the 
macrofouling (sessile marine invertebrates 
and larger algae) (Lopez, 1998; Cuadrado, 
et al., 2010, Abarzua and Jakubowski, 1995, 
Anderson, et al., 2003, Callow and Callow, 
2002, Yebra, et al., 2004).

It should be noted however, within these so-
called biofouling organisms one can find both 
exogenous species that are distributed mainly 
in port areas, favored by good environmental 
conditions and by international maritime 
traffic (Roux & Bastida, 1990); as well as a 
local component corresponding to endemic 
communities (Bastidas, 1971).

It is important to note that biofouling 
can generate negative impacts on human 
beings, animal and plant life, economic and 
cultural activities and the aquatic environment 
(MEPC.1/Circ.792, 2012). In relation to 
maritime activities, the presence of these 
organisms on the hull of ships, produces friction 
resistance, demanding double the power for 
the displacement of the vessel (Bellotti, et al., 
2007, Salas, et al., 2010, Phys.org, 2015). 
Additionally, it leads to a deterioration in the 
corrosion protection structure and system 
(Yebra, et al., 2004, Bellotti, et al., 2007). 
The described situation implies an increase in 

economic expenses for the shipping industry, 
associated with a higher fuel consumption 
(Bellotti, et al., 2007, Salas, et al., 2010, 
Phys.org, 2015), maintenance and cleaning 
of the surface (Cuadrado, et al., 2010; Hellio 
& Yebra, 2009); and environmental damage 
related to extra emissions of carbon dioxide 
(CO2) (Phys.org, 2015, Salas, et al., 2010). 

Related to this background and recognized the 
threat of the establishment of intrusive aquatic 
species as a result of biofouling, the International 
Maritime Organization (IMO) examined in 2001 
the issue of anti-fouling systems on ships 
through the International Convention on the 
Control of Harmful Anti-fouling Systems on 
Ships. In October 2012, the Marine Environment 
Protection Committee (MEPC) of IMO approved 
the Guidelines to minimize the transfer of 
invasive aquatic species such as biofouling 
(MEPC.1 / Circ.792, 2012) and a year later, 
this Committee adopted the Guidelines for the 
control and management of biofouling of ships to 
minimize the transfer of intrusive aquatic species 
(MEPC.1 / Circ.811, 2013).

From these approaches, some biofouling 
studies worldwide are based on anti-fouling 
systems such as paints (Bellotti, et al., 2007, 
Jaramillo, et al., 2011). Others evaluate the 
economic expenses in the application of new 
technologies or management strategies to combat 
the fouling of ships (Schultz, et al., 2011).

For Colombia, there are few studies 
that directly assess fouling on the external 
structures of vessels. Some of them present 
listings of marine species identified and 
registered as exotic for the Colombian 
Caribbean, and mention some species that 
are part of the fouling of ships and impacts 
on buoys and docks (Gracia, et al., 2011). 
In the department of La Guajira (Colombian 
Caribbean) authors such as Gracia, et al. (2013) 
conducted a study of marine invertebrates 
attached to gas platforms. For the Bay of 
Cartagena, Suarez (2011) carried out the 
baseline survey of encrusting macromolluscs in 
natural and artificial substrates, such as dock 
pilings of the Port Society and on buoys of the 
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access channel of maritime traffic to the Bay. 
Additionally, there is the publication of García 
and Salzwedel (1993) who also evaluate the 
growth of sessile invertebrates on artificial 
structures in the bay of Santa Marta. Other 
studies such as those of Londoño-Mesa, et al., 
(2002), are directed to a specific community 
of organisms such as the polychaetos that 
grow as fouling of the mangrove roots of the 
Archipelago of San Andres and Providencia 
and their relationship with physical and 
chemical parameters (temperature, salinity 
and dissolved oxygen).  

It should also be noted that some authors 
have conducted research on biological 
controllers of fouling. Prato-Valderrama (2009) 
experimentally evaluated coatings based on 
natural substances (from organic extracts 
of the sponge Neopetrosia carbonaria, the 
octocoral Eunicea laciniata and two varieties 
of habanero pepper (Capsicum chinense), as 
possible non-toxic antifouling agents, while 
Cuadrado, et al., (2010) directed their study 
to the use of the gorgonia Eunicea laciniata 
from biological samples collected on the island 
El Morro, Bahía de Santa Marta, and Cortés-
Useche, et al., (2011) focuses on the use 
of bivalve Nodipecten nodus. On the other 
hand, Correa (2012), evaluated the capacity 
of the isolated compounds from the octocoral 
Pseudopterogorgia elisabeth present on the 
Island of Providencia, to inhibit the growth and 
formation of the bacterial biofilm.

There are studies directed to the use of 
commercial chemical anti-fouling coatings, an 
example is the work of Meza, et al., (2007) who 
made an assessment of antifouling coatings 
through the monitoring of fouling formation in 
artificial substrates in the bay of Cartagena.

Recognizing the implications of biofouling 
in maritime activities, the General Maritime 
Directorate (DIMAR) acted in compliance with 
the functions of prevention and protection 
of the marine environment, as part of 
comprehensive maritime security. Through the 
Caribbean Oceanographic and Hydrographic 
Research Center (CIOH), they carried out 
the identification of the encrusting marine 
invertebrates present on the hull of the ARC "20 
de Julio" before and after the route taken by 
the vessel during the First Scientific Expedition 
of Colombia in the Antarctic, determining at 
the same time, the status of these species in 
relation to their origin and distribution.

METHODOLOGY

Divers from the Colombian Navy performed 
the extraction of the biological material adhered 
to the flying buttress that supports the ARC 
helix axis "20 de Julio" (Figure 1), considering 
this structure as one of the most susceptible to 
biofouling (MEPC.1 / Circ.792, 2012). The total 
extraction area was approximately 7.5 m2. The 
samples were stored in plastic jars and preserved 
with 4 % formalin (Rodríguez, et al., 2009). 

Figure 1. Ship of the Colombian Navy ARC “20 de Julio”.
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In order to identify the species present on the 
external structure of the vessel before and after 
the route of the vessel during the Expedition, the 
collection of the organisms was carried out on 
two occasions. The first was made on December 
15, 2014, before the departure of the "ARC 20 
de Julio" and the organisms were extracted from 

thesurface of the flying buttress on the port side. 
The second sampling on the starboard side of the 
buttress, took place on April 7, 2015 after the 
journey made by the ship during the Expedition, 
which included berthing in ports in Ecuador, Chile, 
Argentina, Peru, and travelling along the strait of 
Gerlache (Figure 2).

Figure 2. Route of the ARC "20 de Julio" during the First Antarctic Expedition.
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Once in the CIOH laboratory, the organisms 
were separated by groups and identified under 
stereoscope to the lowest taxonomic level, 
with the help of taxonomic guides Ortiz, et al., 
(2002) & Yidi and Sarmiento (2011), as well as 
reference documents Gracia, et al., (2011) & 
Suárez (2011).

The graphic representation of the abundance 
was carried out, calculated from the number 
of individuals per species identified in each 
collection (Moreno, 2001). Finally, the identified 

species were classified according to their origin 
and distribution as introduced, cryptogenic or 
native to the Cartagena Bay based on secondary 
information.

RESULTS

In the biofouling extracted from the surface 
of the ship "ARC 20 de Julio" before and after the 
Antarctic Expedition, species belonging to four 
phylums were identified: Arthropoda, Mollusca, 
Annelida and Porifera (Table 1). 

Table 1. Report of the species collected from the ship ARC “20 de Julio”. 

Phylum Class Family Species
“ARC FROM JULY 20”

15-dec-14 07-apr-15

Athropoda

Maxillopoda Balanidae

Balanus amphitrite 
(Darwin 1854) x x

Balanus reticulatus 
(Darwin 1854) x x

Balanus eburneus  
(Gould 1841) x x

Malacostraca
Sphaeromatidae Sphaeromatidae 

(morfo 1) x x

Xanthidae Xanthidae  
(morfo 1)  x  

Mollusca Bivalvia

Mytilidae

Brachidontes 
domingensis 

(Lamarck, 1819)
x  

Brachidontes exustus 
(Linnaeus, 1758) x  

Mytella guyanensis 
(Lamarck, 1819) x  

Mytella charruana 
(d’Orbigny, 1842) x  

Ostreoidae Ostrea equestris  
(Say, 1834) x  

Isognomonidae Isognomon alatus 
(Gmelin, 1791) x  

Pholaloide Martesia striata 
(Linnaeus, 1758)  x

Annelida Polychaeta
Nereididae Nereididae (morfo 1) 

(Linnaeus, 1758) x

Serpulidae Serpulidae (morfo 1) x x

Porifera Homoscleromorpha - Homoscleromorpha 
(morfo 1) x

https://www.google.com.co/search?biw=1600&bih=755&q=arthropoda&spell=1&sa=X&ved=0CBgQvwUoAGoVChMIgNH72tvnxwIVQ5ceCh2c6A5x
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In total, the number of individuals registered 
in the sample collected before the departure 
was 691, with a specific richness of 12. The 
most abundant family was Balanidae with 619 
individuals corresponding to 89 % of the relative 
abundance, and represented by the species Balanus 
amphitrite, Balanus reticulatus and Balanus 
eburneus. Followed by Mytilidae with a relative 
abundance of 5 % (32 individuals), within which 
organisms belonging to the species Brachidontes 
domingensis, B. exustus, Mytella guyanensis and 
M. charruana were identified (figures 3 and 4).

In the biological material collected after the 
trip made during the Antarctic Expedition, a 

total of 127 individuals and a specific abundance 
of seven were recorded. The most abundant 
families were Balanidae with 78 individuals 
(62 %), and standing out was the presence of the 
taxa B. amphitrite B. reticulatus; and Serpulidae 
with 40 specimens (31 %). A species of bivalve 
Martesia striata and two polychaetes of the family 
Nereididae were identified. In turn, the absence 
of species of molluscs Brachidontes exustus, B. 
dominguensis, Mytella charruana, M. guyanensis, 
Ostrea equestri and Isognomon aleatus, as well as, 
the crab of the Xhantidae family and the sponge 
of the Homoscleromorpha class was evidenced, 
and reported in the samples collected before the 
departure (Table 1) and (Figure 3).

Figure 3. Species of the fouling of the ship "ARC July 20". (a) Balanus amphitrite, (b) Balanus eburneus, (c) Ba-
lanus reticulatus, (d) Brachidontes domingensis, (e) Brachidontes exustus, (f) Martesia striata, (g) Mytella guya-
nensis, (h) Isognomon alatus, (i) ) Ostrea equestris.
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The greatest abundance of individuals before 
the departure corresponded to the Balanus 
genus, with B. amphitrite being the species with 
the largest number of individuals (441); however, 
it decreased (38 ind) after the vessel's route 
(Figure 4). This behavior was also evident for B. 
reticulatus (123 ind / 26 ind) and B. eburneus 

(55 ind / 14 ind), with minor abundance after 
the vessel's route during the expedition. The 
polychaetes of the family Serpulidae (40 
individuals second sampling), outnumbered 
those registered before the departure (30 ind)  
(Figure 4).  

Figure 4. Relative abundance of organisms collected before and after the Antarctic Expedition. ARC “July 20”.

DISCUSSION

Artificial substrates such as ship cases, port 
infrastructure to support maritime activities, 
offshore platforms, pipelines and underwater 
turbines, dock pilings, and signaling buoys, 
all constitute new artificial habitats of marine 
species, because they favor the establishment 
of some biofouling marine, among which are 
seaweed, sponges, molluscs, mussels and 
barnacles (Manríquez, et al., 1999; Bulleru and 
Airoldi, 2005; Pacheco and Garate, 2005, Connell, 
2011, Fitridge, et al., 2012; Walker, et al., 2007). 
The majority of these groups were identified in 
the samples collected from the ARC "20 de Julio".     

The balanos commonly known as sea 
acorns or rose hips, are crustaceans belonging 
to the  Barnacle subclass (González, 1998) 
and are considered as typical organisms with 
high dominance on hulls of ships and artificial 
structures (dock pilings and buoys), with respect 
to the biomass of other encrusting invertebrates 
(Gracia, et al., 2013). In this investigation the 
genus Balanus was the most abundant, being 
associated to physiological adaptations like 
adhesion glands with membranous base in adults 
to stay adhered to the substrate, and specialized 
antigens with adhesion discs, cuticle villi, 
secretion pores and sensory structures in larvae 
to explore and fix to the surface (Manríquez, et 
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al., 1999). Additionally, Edmondson and Ingram 
(1939) highlight the resistance of these sessile 
organisms to temperature changes, enduring 
environments of up to -10 ° C for several 
days (González, 1998), which possibly allowed 
individuals belonging to this subclass to resist 
the changes of the environmental conditions 
during the time of navigation, being attached 
to the flying buttress when the boat arrived 
in Cartagena. The most abundant species of 
barnacles coincided with the results reported 
by Meza, et al., (2007), who found in Mamonal 
and Bocagrande, sectors of Cartagena, high 
abundance of Balanus amphitrite, Balanus 
reticulatus and Balanus eburneus adhered to 
artificial hard substrates.

The Barnacle Balanus amphitrite, collected 
during the two sampling occasions, is 
considered cosmopolitan in the tropical and 
subtropical regions of the world (Celis, 2009; 
Gittings, 2009) and has the ability to adhere to 

both artificial surfaces and ship hulls, as well as 
natural substrates (mollusc shells and mangrove 
roots) (DeFelice, et al., 2001; Rilov and Crooks, 
2009). It is a species introduced into the Atlantic 
Ocean (Carlton, 2011); however, its origin is 
uncertain (Gracia, et al., 2013). For Colombia, 
it is classified as invasive and has been reported 
in Cartagena and in the Gulf of Morrosquillo 
(Becerra & Jiménez, 2011).

Balanus reticulatus has been reported in 
studies around the world as a typical biofouling 
organism; it is widely distributed in tropical 
and subtropical waters (Motor, 1993), and is 
catalogued as introduced for Colombia (Young 
and Campos, 1988) (Table 2). Its wide distribution 
worldwide is associated with its easy adherence 
to the hulls of ships and the transport of larvae in 
ballast water tanks, vectors that have facilitated 
its dispersion (Low, et al., 2014); In addition, its 
euryhaline physiological characteristics allows it 
to adapt to saline variations (Farrapeira, 2008).

Table 2. General list of species according to their origin found in the three shavings. Author:  (1) Becerra and 
Jiménez (1989); (2) Young and Campos (1988); (3) Granadillo and Urosa (1984); (4) Yidi and Sarmiento (2011); 
(5) Instituto Nacional de Biodiversidad Santo Domingo (2016); (6) Gillis et al., (2009); (7) Abbott et al., (1995).

Species Author Introduced Cryptogenic Native

Balanus amphitrite 1 x - -

Balanus reticulatus 2 x - -

Balanus eburneus 1 y 3 - - x

Martesia striata 4 - x -

Brachidontes domingensis 4 - - x

Brachidontes exustus 4 - - x

Mytella guyanensis 5 - x -

Mytella charruana 6 x - -

Ostrea equestris 7 - x -

Isognomon alatus 7 - x -

* The Martesia striata species is considered cosmopolitan, it has been reported in the Pacific and Atlantic Oceans (Yidi and Sarmiento, 2011) 

Bol. Cient. CIOH 2018; 36:3-16
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The Balanus eburneus species is native to 
the Northwest Atlantic (Table 2), including the 
Gulf of Mexico (Llorente, et al., 2000) and is 
distributed from Massachusetts (USA) to the 
coasts of South America, in shallow waters up 
to 20 fathoms deep (Del Monaco and Capelo, 
2000). The translocation of this species to 
the Pacific coast has been associated with the 
ability to adhere to artificial substrates, mainly 
external vessel structures (Galil, et al., 2012).

According to Topolski and Szedlmayer 
(2004) and Carney (2005) molluscs represent 
a large part of the biomass embedded in 
artificial surfaces. Of the greater number of 
species reported on the hull of the ship ARC "20 
de Julio", they were part of the bivalvia class 
of which the Mytilidae family had the largest 
number of individuals. According to Manríquez, 
et al., (1999), artificial substrates favor the 
settlement, reproduction and growth of these 
filtering organisms.

For the mussel Brachidontes exustus its 
origin has been established in the Atlantic 
Ocean (Yidi and Sarmiento, 2011) and has 
been reported in Cartagena adhered to artificial 
structures (Meza, et al., 2007), as well as B. 
domingensis Suárez (2011 ), characterized by 
being a species that adheres to exposed surfaces 
such as buoys, ship hulls, or water intake 
pipes. Its introduction causes competition with 
other species of native mussels (The University 
of Southern Mississippi, 2016).

Suarez (2011) and Puyana, et al., (2012) 
report the presence of Mytella charruana on 
artificial hard substrates from the port area of 
Cartagena, and was considered according to 
Gillis, et al. (2009) and Puyana, et al., (2012), 
a naturalized species in the bay of Cartagena 
before 2008. Its original distribution ranges 
from Guyana to Argentina (Darrigrán and 
Lagreca, 2005); however, it has been registered 
in Uruguay and, like M. guyanensis, there are 
reports in Mexico and Peru. M. guyanensis has 
also been found from Venezuela to Brazil, but 
its origin is unknown (National Institute of 
Biodiversity Santo Domingo, 2016).

The occurrence in the port area of Cartagena 
of the genus Martesia on artificial structures is 

not documented. This genus is considered by 
Railkin (2004), as highly dangerous organisms 
for the port and shipping industry, because it 
deteriorates submerged wooden structures, 
cellulose fiber cables and concrete structures. 
Specifically, the species M. striata identified in 
the samples collected after the route carried 
out by the ARC "20 de Julio", is a cosmopolitan 
species (Díaz and Puyana, 1995) and has the 
capacity to perforate lead coatings.

Both Ostrea equestris and Isognomon 
alatus have been recognized as encrusting 
organisms. O. equestris has been observed 
attached to ship hulls (Farrapeira, et al., 2007) 
and it is presumed that the wide distribution of 
I. alatus is related to passive transport by boats 
(Farrapeira, et al., 2007). The two species are 
distributed along the Northwest Atlantic Ocean 
and the Caribbean Sea to Brazil, but their origin 
is unknown (Abbott, et al., 1995) (Table 2).

According to Edmondson and Ingram (1939), 
the polychaetes of the family Serpulidae are 
conspicuous members of associations of 
encrusting organisms and were reported by 
Meza, et al., (2007), within the invertebrates 
responsible for biofouling on artificial 
substrates in the advanced tests carried out 
by the authors. Among the impacts caused 
by serpulid worms are corrosion damage on 
boat hulls and structures of marine platforms 
(Viéitez, et al., 2004). Species of serpulid 
worms as well as the balano B. Amphitrite, 
are toxic-resistant species, which allows them 
to be always present on the surface of the 
antifouling coatings used for the protection of 
vessels (Railkin, 2004).

Species of the families Nereididae, 
Sphaeromatidae, Xanthidae and 
Homoscleromorpha, reported in this research, 
have been referred to by authors as present in 
artificial hard substrates, or their distribution has 
been related to sea transport through fouling or 
ballast water (Oriyama and Otani, 2004, Invasive 
Species Specialist Group -ISSG, 2016; Lim, et 
al., 2009; Corsini-Foka and Kondylatos, 2015).

The permanence of some groups of 
organisms such as barnacles and polychaetes on 
the external structure of the vessel (buttress), 
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during the route taken by the ARC "20 de 
Julio" from Cartagena to the Strait of Gerlache 
in Antarctica, passing through different ports 
of South America, gives an idea of the high 
resistance of these organisms to varying and 
extreme environmental conditions. Authors 
such as Mostafa, et al., (2016), Awad (2012) 
and Basim et al., (2011), have done research 
on the influence of environmental factors on the 
permanence of biofouling on hull surfaces and 
other external structures of ships.

Bearing in mind that the presence of 
biofouling is considered a problem that affects 
the naval industry, with economic effects such 
as an increase in fuel consumption, in the 
operational times for navigation activities, and 
in the frequency of dry dock entries, in addition 
to environmental impacts (Yebra, et al., 2004, 
Bellotti, et al., 2007, Schultz, et al., 2011) such 
as the transfer of species (DIMAR-CIOH, 2009). 
It is recommended to implement the monitoring 
and control of biofouling of naval artifacts used 
by the Maritime Authority and the National Navy, 
as well as for international traffic routes used 
most frequently to Colombian ports. Additionally, 
it is important to have updated information on 
inventories, and study the behavior of attached 
marine organisms, not only on external and 
submerged structures of boats and port 
structures, but also on natural substrates. The 
foregoing is in order to strengthen knowledge 
about encrusting marine species present in the 
main areas influenced by maritime activities, and 
about their risk of introduction in new Colombian 
port areas or other ports of destination.

The present investigation constitutes a 
contribution to future studies of encrusting 
organisms in the port of Cartagena, tending 
to minimize, control or avoid negative effects 
on the port and shipping activities, as well as 
avoid the expansion of the distribution of marine 
species, considering the important role played by 
biofouling associated with maritime transport in 
the introduction of potentially invasive species.
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