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This work documents the introduction of non-native fish species to the Canary Islands (central-eastern Atlantic)
through oil rigs. Methodological approaches have included surveys by underwater visual censuses around and
under oil platforms and along the docking area of rigs at the Port of Las Palmas. Eleven non-native fish species
were registered. Paranthias furcifer, Abudefduf hoefleri, Acanthurus bahianus, Acanthurus chirurgus, and Acanthurus
coeruleus are first recorded from the Canaries herein. Other three species could not be identified, although they
have never been observed in the Canaries. Cephalopholis taeniops, Abudefduf saxatilis, and Acanthurus monroviae
had been previously recorded. Native areas of these species coincide with the areas of origin and the scale of oil
rigs with destination the Port of Las Palmas. The absence of native species in the censuses at rigs and their pres-
ence at rigs docking area, together with the observation of non-native species after the departure of platforms,
reject the possibility that these non-native specieswere already present in the area introduced by another vector.
C. taeniops, A. hoefleri, A. saxatilis, A. chirurgus, A. coeruleus and A. monroviae are clearly seafarer species.
A. bahianus seems to be a potential seafarer species. P. furcifer is a castaway species. For themoment, the number
of individuals of the non-native species in marine ecosystems of the Canaries seems to be low, and more inves-
tigation is needed for controlling these translocations.
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1. Introduction

The presence of non-nativemarine fish species in ecosystems of bio-
geographical regions well separated from the giver region has been re-
lated with the natural population extensions, in many cases associated
with climate change, habitat disturbance (Côté and Green, 2012;
Mineur et al., 2012; Webber and Scott, 2012), and anthropological fac-
tors (Carlton, 1987, 1989). In response to warmer conditions, marine
fishes tend to shift their distributions to higher latitudes and fish are
predicted to keep shifting under climate change scenarios (Cheung
et al., 2009; Nye et al., 2009). In the case of anthropological factors,
the new distribution areas are linked to the transport vector of non-
native fish species. In this sense, some vectors of introduction of non-
native fish species have been described including, among others, ballast
water transport (Carlton and Geller, 1993; Wonham et al., 2000), ma-
rine aquaculture (Liao et al., 2010; Grosholz et al., 2015), aquarium
trade (Semmens et al., 2004), oil platforms (Foster and Willan, 1979;
Friedlander et al., 2014), and movements through channels (Carlton,
lla).
1989; Mavruk and Avsar, 2008). Introduction and spread of non-
native species are considered one of the main threats to biodiversity
in the marine context (Molnar et al., 2008) and, in recent years, the
level of interest in introduced species has increased worldwide
(Lockett and Gomon, 2001; Molnar et al., 2008).

Many small benthicmarine fishes introduced as eggs, larvae or juve-
niles are first recorded from regions with important commercial ports
(Wonham et al., 2000; Lockett and Gomon, 2001), and the method of
transport associated is via the large amounts of ballast water carried
by international shipping. In this regard, the ships' ballast water has
been considered to date as the principal vector for the transfer of non-
native species amongmarine ecosystems. However, in recent years nu-
merous occurrences of adult and subadult individuals of non-native
species have been recorded in waters near commercial ports of the Ca-
nary Islands (Brito et al., 2011; Triay-Portella et al., 2015). In the case of
one of them, Cephalopholis taeniops, Brito et al. (2011) hypothesized
about the possibility of the arrival of large adult specimens through bal-
last water from oil platforms. However, results of research indicate that
ships' ballast water is potentially an important vector for transferring
just marine non-native species of algae, plankton, small-sized inverte-
brates and chordate species, but not adult fish individuals (Lockett
and Gomon, 2001; Molnar et al., 2008).
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In recent years, special attention has been paid to oil rigs as input
vector of non-native fish species (Ferreira et al., 2006; Wanless et al.,
2010; Yeo et al., 2010; Friedlander et al., 2014; Triay-Portella et al.,
2015). Oil platforms are among the largest artificial structures in the
ocean where they act as artificial reefs and serve as important habitat
for a number of species of fish populations (Atchison et al., 2008).
These artificial habitats are colonized by diverse ecological communities
that have been shown, in some instances, to enhance fisheries produc-
tion and biodiversity, increasing the growth and survival of individuals,
affording shelter for protection from predation and spawning substrate
(Jørgensen et al., 2002; Macreadie et al., 2011; Friedlander et al., 2014).
However, spread of non-native species has been described as some of
the negative consequences associated with oil rigs (Page et al., 2006;
Wanless et al., 2010; Friedlander et al., 2014).

The role of oil rigs as aggregating places and as a mechanism of dis-
persal of fish and other marine organisms is well known (Foster and
Willan, 1979; Carlton, 1987, 1989; Bax et al., 2003; Wanless et al.,
2010; Yeo et al., 2010; Friedlander et al., 2014). These platforms provide
artificial hard substrates in places where do not exist naturally,
exhibiting an extraordinary diversity and biomass of fishes and rocky
invertebrates (Foster and Willan, 1979; Yeo et al., 2010; Friedlander
et al., 2014). The majority of old oil platforms lack self-propulsion to
navigate and are towed at low speed (1–6 knots) with one or two
tugs (Foster and Willan, 1979; Yeo et al., 2010). Even modern oil plat-
forms, which are equipped with engines to navigate, also move at
very low speeds (b8 knots). The low speeds at which platforms are
moved between areas reduce the loss of the fouling, which favours the
maintenance of the community, making oil rig an artificial habitat mov-
ing slowly through the ocean (Yeo et al., 2010). In addition to the enor-
mous hull columns, oil platforms have multiple submerged or semi-
submerged structural elements (pontoon and tubular members as hor-
izontal girders)whosemain function is to favour buoyancy and stability.
This submerged surface area of the oil rig is entirely covered with algae
and sessile or sedentary organisms such as sponges, corals and bivalves
(Wanless et al., 2010; Yeo et al., 2010). Under these favourable condi-
tions, numerous and various fish species are attracted by these huge
Fig. 1. Situation of the islandof Gran Canaria (Canary Islands), showing the study area. Detail of t
Pier Reina Sofía with the presence of semisubmersible oil rigs in April 2015.
floating rigs for food or shelter, and many of them are able to travel to
through hundreds or thousands of nautical miles (Foster and Willan,
1979; Carlton, 1987).

The aims of the present study are to identify arrivals of the non-
native fish species associated to oil platforms, and to verify whether
these oil rigs represent a primary input vector of adult and subadult in-
dividuals of non-native fish species in waters of the Canary Islands.

2. Material and methods

The Port of Las Palmas is a sheltered seaport in the northeastern
coast of the island of Gran Canaria, Canary Islands (Fig. 1). It is the first
port in the mid-Atlantic and offers excellent berthing piers for larger
oil platforms, being able to berth up to six oil rigs at the time at the
end of Pier Reina Sofía, where the depth is between 18 and 30m (Fig. 1).

Traffic information of oil platforms at the Port and Bay of Las Palmas
between 2010 and 2015 was obtained from various sources, including
local newspapers, port logs of the Port of Las Palmas, and annual reports
of activities of the Port Authority of Las Palmas. The information gath-
ered allowed to build a mapwith themain routes of oil rigs with arrival
to and departure from Gran Canaria.

Biogeographical information on detailed distribution tracking of
those non-native fishes was added to specific maps and associated to
present and past platforms travelling routes. A figure with maps com-
bining this kind of information was used to discuss in light of biogeo-
graphic patterns and tropicalization event in the area.

To determine the occurrence of adult and subadult individuals of
non-native fish species and indirectly verify whether oil platforms rep-
resent a primary input vector of introduction, underwater visual cen-
suses by video-transects were carried out in both oil rigs and pier.
Two semi-submersible drilling rigs (rig 1, December 2014; rig 2, April
2015) were sampled, around and under, a few hours after being docked
at Pier Reina Sofía. The pontoons of the oil rigs surveyed were 90 m
length, 12 m breadth and 10 m draught each one. The bottom area of
the Pier Reina Sofía was also surveyed twice in the absence of oil plat-
forms (fourweeks after their departure), in order to detect the presence
hePort of Las Palmas,with the oil platforms' docking area. In the photograph, real picture of
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of non-native species escaped from them (pier 1, February 2015; pier 2,
May 2015). The surveyed area corresponded to the docking area for oil
rigs. For each oil rig four 100 m long replicates (i.e. a surface of 400 m2)
were developed following Lincoln-Smith (1988) and Friedlander et al.
(2014), surveying the top and bottom areas of both pontoons simulta-
neously to avoid non-native fish to be counted twice. For the pier,
three replicated similar video-transects were performed simultaneous-
ly 2 m over the seabed.

To discard the presence of non-native species at the pier prior to the
increase of oil rig traffic in Las Palmas Port, data on nine replicates ob-
tained in 2003 (pier 0) from the entire Pier Reina Sofía (not only from
the rigs docked area) were used to compare the species' occurrence at
the pier, before (pier 0) and after (pier 1–2) of the massive docking of
oil rigs in the studied area.

The abundance (total number of individuals) of all species was re-
corded onwaterproof paper and by underwater pictures of live animals.
Estimation of fish abundance in schools larger than 25 individuals, their
numbers were calculated by using image counter software. When pos-
sible, one or few individuals of each non-native species were captured
to be examined at the laboratory for taxonomic identification. When
not, the zoological family of the species observed was recorded.

For each census, the species composition and the abundance
(expressed as the number of individuals/400 m2) were estimated. The
abundance data were analyzed by means of a cluster analysis applied
to the censuses using the Bray-Curtis index of similarity and the
group-average linkage for the dendrogram (Clarke and Warwick,
2001; Clarke and Gorley, 2006) with PRIMER v6.1.13 software (Clarke
andWarwick, 1994). The significance of the cluster brancheswas tested
using the SIMPROF subroutine within the Primer software (Clarke and
Warwick, 2001; Clarke and Gorley, 2006). The similarity percentage
analysis procedure (SIMPER)was used to identify the species that char-
acterize each structure (Clarke and Warwick, 1994). Measurements of
species diversity at each rig and for the pier census were assessed by
means of species richness (S), Shannon-Wiener diversity index (H′)
and Pielou evenness index (J’), using the DIVERSE subroutine within
the Primer software (Clarke andWarwick, 1994, 2001). Thesemeasure-
ments were tested for differences between rigs and pier censuses, and
between pier censuses along the time (pier 0 vs pier 1–2) through an
ANOVA test, considering each underwater census at oil rig and pier as
one observation. This analysis was used to evaluate the null hypothesis
of equality in S, H′ and J’ among structures (rigs and pier) and among
time periods (pier 0 vs pier 1–2), with a significance level of 5% (α =
0.05) and a critical value of F0.05,3,13 = 3.41. The Student t-test was
used to evaluate the null hypothesis of equality in mean S, H′, N and J′
between oil rigs, between pier samplings, and between pier samplings
along time, with a significance level of 5% (α = 0.05) and a critical
value of t0.05, N 6 = 2.245.

This study follows the best practices approach to overcoming
unverified and unverifiable “first records”, as proposed by Bello et al.
(2014). Voucher specimens were labelled, curated, data-based and de-
posited, available for verification, in the collections of the Tenerife Mu-
seum of Natural History (TFMC, Spain) and the Funchal Natural
History Museum (MMF, Portugal). Further details on the identification
process and fish data can be found in Triay-Portella et al. (2015).

3. Results

The introduction of 11 non-native fish specieswas found as associat-
ed to oil platforms (Table 1). Of these, five non-native fish species,
Paranthias furcifer (Valenciennes, 1828), Abudefduf hoefleri
(Steindachner, 1881), Acanthurus bahianus Castelnau, 1855, Acanthurus
chirurgus (Bloch, 1787), and Acanthurus coeruleus Bloch & Schneider,
1801, are recorded for the first time from the Canaries herein. Other
three non-native species belonging to families Lutjanidae,
Pomacentridae and Blenniidae have not been identified, although they
have never been observed in the Canaries (Table 1). Another three
non-native fish species recorded, Cephalopholis taeniops (Valenciennes,
1828), Abudefduf saxatilis (Linnaeus, 1758), and Acanthurus monroviae
Steindachner, 1876, had been previously found in the Canaries.

From January 2010 to May 2015, a total of 23 different oil platforms
arrived at Gran Canaria Island, and then docked at the Port of Las Pal-
mas. In total, 23 transoceanic or interoceanic voyages with destina-
tion/scale Gran Canaria were carried out by these oil platforms in this
5-year period (Fig. 2). These voyages started/arrived from/to ports in
the eastern-central Atlantic (Nigeria, Cameroon, Ivory Coast and Cape
Verde Islands), southeaster Atlantic (Namibia and Congo Brazzaville),
West Atlantic (Brazil, sometimes with stop in Cape Verde Islands),
South Africa, and theMediterranean (Fig. 2). In addition, three transoce-
anic routes in the South Atlantic were verified using official and unoffi-
cial websites and incorporated to the route maps (Fig. 2). Departure
areas of the sampled rigs were Angola-Gulf of Guinea (rig 1) and
Brazil-Cape Verde (rig 2). These departure areas are coincident with
the supposedly native distribution range of the non-indigenous species
found at the rigs. In this regard, A. hoefleri, A. saxatilis, P. furcifer,
A. monroviae and C. taeniops found at oil rig 1 have their native range
in waters of the Gulf of Guinea and even southwards in Angola, where
A. bahianus is a vagrant species. A. bahianus, A. chirurgus and
A. coeruleus found at oil rig 2 abundantly occur in Brazilian waters. At
last, A. hoefleri found at oil rig 2 would join the platform during its tech-
nical stop in the Cape Verde Islands (see Supplementary material)
(Fig. 2).

Analyzing each oil rig and pier, the highest number of non-native
fish species was observed in the pier census 2 in absence of oil rigs
(n = 10). The whole number of non-native species recorded at the oil
platformswere oil rig 1 (n=8) and oil rig 2 (n=7). Themeanfish den-
sity observed ranged from 40.50 individual/400m2 at oil rig 2 to 413.25
individuals/400 m2 at oil rig 1 (Table 1). In oil rig 1 the numerically
dominant species was A. hoefleri (64.92%) with a mean density of
268.25 individuals/400 m2. This species was followed in abundance by
A. saxatilis (31.45%) with a mean density of 130.00 individuals/400 m2.
In oil rig 2 the numerically dominant species was a non-identified
Blenniidae (61.72%) with a mean density of 25.00 individuals/400 m2.
This species was followed in abundance by A. hoefleri (26.54%, 10.75 in-
dividuals/400 m2) and A. bahianus (6.79%) with a mean density of 2.75
individuals/400 m2. The remaining species associated to both oil plat-
forms had percentages below 2%. No native fish species were observed
at the rigs (Table 1). At Pier Reina Sofia, numerically dominant species
were Thalassoma pavo (Linnaeus, 1758) (10.50–15.92%) with a mean
density of 12.00–12.33 individuals/400 m2, Chromis limbata (Valenci-
ennes, 1833) (11.00–17.00%, 13.67–14.00 individuals/400m2),Diplodus
sargus cadenati de la Paz, Bauchot & Daget, 1974 (8.42–11.43%, 9.00–
9.33 individuals/400 m2), and Boops boops (Linnaeus, 1758) (10.22–
13.00%, 10.67–11.33 individuals/400m2). Dominant non-native species
at pier were A. hoefleri (4.76–8.42%, 6.77–7.33 individuals/400 m2) and
A. saxatilis (9.00–12.38%, 10.00–10.67 individuals/400m2). The remain-
ing native species had percentages ranging between 1.00 and 6.81% and
the non-native between 0.01 and 4.21%.

The dendrogram of similarities among the censuses of the cluster
analysis revealed three main distinct groups (confirmed by SIMPROF
at p b 0.05) (Fig. 3): a first group at the pier in 2003 comprising 9 cen-
suses, a second group corresponding to the rigs censuses, and a third
group corresponding with the censuses at pier in 2015. The results of
the SIMPER,with the contribution in percentage of themain contributor
species, are shown in Table 2 for the two oil rigs and the Pier Reina Sofía.
Two species of Abudefduf, A. hoefleri and A. saxatilis, showed the major
contribution for defining transects in the oil rig 1. In the oil rig 2, the
most typifying species for defining transects were the Blennidae not
identified and A. hoefleri. Themain contributors of the average similarity
at Pier Reina Sofía transects were C. limbata, T. pavo, B. boops, and
D. sargus and the non-native species A. hoefleri and A. saxatilis. The
main contributors of the average dissimilarity between the two oil rigs
sampled were A. hoefleri and A. saxatilis. The main contributors of the



Table 1
Estimates of mean density (±s.d.) of individuals (individuals/400 m2) recorded by visual census of oil rigs and at pier Reina Sofía. ⁎, non-native species. n.i., non-identified species.

Species 3–6/2003
Pier 0
Mean density

12/2014
Oil rig 1
Mean density

1/2015
Pier 1
Mean density

3/2015
Oil rig 2
Mean density

4/2015
Pier 2
Mean density

⁎Abudefduf hoefleri 268.25 ± 136.99 6.67 ± 1.40 10.75 ± 2.87 7.33 ± 1.15
Abudefduf luridus 8.13 ± 0.83 4.67 ± 1.15 5.00 ± 1.00
⁎Abudefduf saxatilis 130.00 ± 35.56 10.67 ± 2.08 10.00 ± 0.58
⁎Abudefduf n.i. 6.25 ± 2.50 0.33 ± 0.71 0.50 ± 0.35 0.67 ± 0.58
⁎Acanthurus bahianus 2.00 ± 0.58 1.00 ± 0.50 2.75 ± 0.96 1.33 ± 0.58
⁎Acanthurus chirurgus 0.75 ± 0.50 1.67 ± 0.71
⁎Acanthurus coeruleus 0.25 ± 0.00 0.33 ± 0.25
⁎Acanthurus monroviae 1.50 ± 1.00 3.00 ± 0.82 2.67 ± 0.58
Aulostomus strigosus 2.38 ± 1.51 2.33 ± 0.58 2.67 ± 0.57
Spondyliosoma cantharus 0.50 ± 0.53 0.33 ± 0.25
⁎Blenniidae n.i. 2.50 ± 1.29 25.00 ± 7.07
Bodianus scrofa 0.38 ± 0.52
Boops boops 9.50 ± 1.69 10.67 ± 1.53 11.33 ± 1.53
Canthigaster capistrata 6.25 ± 2.55 5.33 ± 0.58 4.67 ± 1.15
⁎Cephalopholis taeniops 0.25 ± 0.48 0.33 ± 0.60 0.67 ± 0.25
Chromis limbata 9.75 ± 1.16 14.00 ± 2.00 13.67 ± 2.52
Diplodus sargus 4.75 ± 1.16 9.33 ± 2.31 9.00 ± 2.00
Diplodus vulgaris 1.63 ± 0.92
Epinephelus marginatus 0.38 ± 0.52 0.67 ± 0.01 1.33 ± 0.58
Kyphosus sectatrix 2.50 ± 1.41 1.67 ± 0.58 2.33 ± 1.15
⁎Lutjanidae n.i. 0.50 ± 0.00 0.33 ± 0.00
Mullus surmuletus 0.38 ± 0.52
Oblada melanura 1.38 ± 1.06 4.00 ± 1.00 3.67 ± 0.58
Pagrus pagrus 0.50 ± 0.53
⁎Paranthias furcifer 2.50 ± 0.58 1.00 ± 0.71 0.67 ± 0.25
Serranus scriba 0.38 ± 0.52
Sparisoma cretense 4.13 ± 1.64 5.67 ± 1.53 5.00 ± 2.00
Synodus synodus 1.63 ± 0.74 2.33 ± 1.15 1.67 ± 0.58
Thalassoma pavo 11.00 ± 1.85 12.00 ± 2.00 12.33 ± 1.53
N 65.50 ± 8.02 413.25 ± 137.01 102.67 ± 12.66 40.50 ± 7.85 103.33 ± 5.77
S 13.87 ± 1.36 6.50 ± 0.58 17.33 ± 0.58 5.00 ± 0.82 19.33 ± 0.58
J 0.89 ± 0.03 0.43 ± 0.07 0.88 ± 0.01 0.63 ± 0.02 0.88 ± 0.01
H′ 2.32 ± 0.91 0.81 ± 0.12 2.52 ± 0.02 1.013 ± 0.14 2.61 ± 0.03
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average dissimilarity between each oil rig and pier Reina Sofía were the
Blennidae not identified and A. saxatilis (oil rig 2) and A. hoefleri and
A. saxatilis (oil rig 1). The dissimilarity results of the SIMPER analysis be-
tween each oil rig and pier Reina Sofía showed that themajor contribu-
tor species were the Blennidae not identified, C. limbata, T. pavo and
B. boops (oil rig 2), and A. hoefleri, A. saxatilis, C. limbata and T. pavo
(oil rig 1). When comparing pier censuses data in 2003 (pier 0) with
2015 (piers 1–2), non-native species were not recorded in 2003. Dis-
similarity between both periods was 32.15%, being the non-native
A. saxatilis, A. hoefleri, A. monroviae and A. bahianus the major contribu-
tor species (Table 1). There were significant differences in species rich-
ness and diversity between both periods (F N 23.09 N F0.05,2,13 = 3.41,
p b 0.0001), the greatest species richness and highest diversity being ob-
served in 2015.

For the structures surveyed in 2014–2015, two samplings at oil rigs
and two censuses at pier, the greatest mean species richness (S) was
reached at pier (17.33–19.33) and the lowest at oil rig 2 (5.00)
(Table 1). There were significant differences in the species richness
among structures (F=425.6795 N F0.05,3,13=3.41, p b 0.0001). The Stu-
dent t-test indicated that null hypothesis for equality in mean species
richness (S) between oil rigs was rejected (t = 3.00 N t0.05,6 = 2.245,
p = 0.027) and between pier censuses was also rejected (t =
4.24 N t0.05,4= 3.306, p=0.0.13). The highest diversity (H′)was obtain-
ed at pier (2.52–2.61) and the lowest at oil rig 1 (0.81). The H′ values
showed differences among sampled structures (F =
311.34 N F0.05,3,13 = 3.41, p b 0.0001). The Student t-test indicated that
null hypothesis for equality in mean diversity (H′) between oil rigs
(t = 2.208 b t0.05,6 = 2.245, p = 0.069) or between pier censuses
(t = 2.621 b t0.05,4 = 3.306, p = 0.590) was retained. Pielou J′ indices
showed the highest value at pier (0.88) and the lowest at two oil rigs
(0.43–0.63). J′ values showed significant differences among the sam-
pled structures (F= 109.51 N F0.05,3,13 = 3.41, p b 0.0001). The Student
t-test indicated that null hypothesis for equality in mean J’ values be-
tween oil rigs (t = 5.510 N t0.05,6 = 2.245, p = 0.002) was retained
and between pier censuses (t = 0.689 b t0.05,4 = 3.306, p = 0.529)
was rejected. Mean number of individuals for the four structures
reached the highest value at oil rig 1 (413.24) and the lowest at oil rig
2 (40.50). Number of individuals showed significant differences
among the sampled structures (F = 19.74 N F0.05,3,13 = 3.41,
p b 0.0001). The mean number of individuals between oil rigs showed
significant differences (t = 5.433 N t0.05,6 = 2.245, p = 0.002) and be-
tween pier censuses retained (t = 0.445 b t0.05,4 = 3.306, p = 0.679).

4. Discussion

Species dispersing naturally and propagules from the current range
to a new area is a process fundamental to the development of biogeo-
graphic patterns. However, the human-mediated dispersal of species
to regions beyond their normal range of dispersal, as in this case, has
been a major force in shaping global biodiversity, especially in the last
few centuries (Wilson et al., 2010). Luiz et al. (2015) have recently pro-
posed to assess the species-level ecological traits associated with the
rafting behaviour, to better understand and predict the species' capacity
for long-distance oceanic dispersal in isolated areas of benthic habitats.
These authors proposed a dual classification of seafarer or castaway spe-
cies. Rafter fish are like seafarers because they possess special traits that
facilitate long oceanic journeys, whereas the castaway fish represent
speciesmarooned by chance in the flotsam (Luiz et al., 2015). In this re-
gard, this work evaluates the non-native fish species recently found in
waters of the Canary Islands as follows (for further details on species



Fig. 2.Mainmaritime routes usedbyoil platformswith arrival to and departure fromGranCanaria (Canary Islands) between2010 and2015 (solid line) including three transoceanic routes
in South Atlantic (discontinuous line), andmapswith biogeographical information ondistribution tracking of eachnon-native species foundat Gran Canaria. Dark grey surface, supposedly
native distribution range. Light grey surface, recent range extensions with year of first occurrence.

27J.G. Pajuelo et al. / Journal of Marine Systems 163 (2016) 23–30
distribution and related bibliography, see Supplementary material).
C. taeniops, A. hoefleri, A. saxatilis, A. chirurgus, A. coeruleus and
A. monroviae are clearly seafarer species. A. bahianus seems to be a po-
tential seafarer species. At last, P. furcifer is a castaway species.
A.monroviae has been capable to perform a double long-distance ocean-
ic dispersal. In the East Atlantic, from the early 1980′s to these days it re-
peatedly has reached the Canary Islands and the entire Mediterranean
Sea, also extending to Israel, the easternmost Mediterranean. It also
spread northward to the Atlantic European waters off Portugal in
2007. For these reasons, this species was included in the CIESM Atlas
of Exotic Species in the Mediterranean, and therefore considered as an
alien/invasive species in FishBase. Moreover, it crossed to Brazil, west-
ern Atlantic in 2004, so being included in the IABIN Brazil catalogue of
invasive species. Several hypotheses should be considered to explain
the reasons of dispersal, including both natural (current system, flot-
sam) and human-mediated causes particularly the increasing of oil
rigs traffic among regions (Triay-Portella et al., 2015). A. saxatilis has
progressively reached the Canary and Madeira Islands, as well as the
western and the easternmost Mediterranean Sea favoured by both nat-
ural and human-mediated factors, and it has been considered as an
alien/invasive species in FishBase. C. taeniops has sequentially reached,
at least since 1990′s, the Canary and Madeira Islands, as well as the
western and the easternmost Mediterranean Sea, likely favoured by
the global warming and the tropicalization process described for these
eastern Atlantic and Mediterranean areas (Craig et al., 2011), together
with the harbour given by the oil rigs. Both A. chirurgus (in
2012–2015) and A. hoefleri (in 2014–2015) have simultaneously ex-
tended to the Canary Islands and Mediterranean Sea, likely favoured
by global warming, tropicalization process, and rigs traffic. A. coeruleus
has reached the mid-Atlantic island of Ascension (Cadenat and
Marchal, 1963) as a natural range extension (marine current system,
drafting behaviour), and extending fifty years after simultaneously (in



Fig. 3.Dendrogramof similarities among censuses of the cluster analysis confirmed by SIMPROF at p b 0.05. Oil rigs, censuses at semi-submersible drilling rigs (rig 1, December 2014; rig 2,
April 2015). Pier, censuses at Pier Reina Sofia (pier 0, March–June 2003; pier 1, February 2015; pier 2, May 2015).
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2012–2015) to the Canary Islands and Cyprus waters, the easternmost
Mediterranean likely favoured by global warming, tropicalization pro-
cess, and heavy rigs traffic. A. bahianus would be capable, if conditions
remain favourable, to naturally extend its range, with the additional
help of human-caused activities, to the Mediterranean and south-
western coast of Europe until 43° N as in the western Atlantic basin.
P. furcifer has reached in 2015 similar latitude in the eastern (Canary
Islands) than in the western Atlantic basin (Bermuda and Florida), and
it can be predicted that will probably ascend to the Madeira Archipela-
go. Its capacity for long-distance oceanic dispersal has been favoured by
the heavy overseas traffic of oil platforms from South Americawith des-
tination to the Canaries mainly in the last decade (Fig. 2).

Up to date, spread records and histological examination of the go-
nads of individuals of different non-native species introduced by plat-
forms (unpublished data) suggest that all these species can survival
under the new biotic and abiotic conditions, but they do not show ca-
pacity of spawning in the area. However, A. monroviae apparently is,
year after year, increasingly abundant inwaters of the Canaries, as prov-
en by some specimens in the spawning stage caught by local fishermen.
In this regard, global warming change and the widely accepted
tropicalization in the area could be favouring the existence of abiotic
conditions more suitable for these species, at least for their survival.
Therefore, one or some of these abiotic conditions are currently limiting
the reproductive capacity of these species in the Canaries. Moyle and
Light (1996) suggested that abiotic factors, such as sea temperature,
could be more important in determining the success of introduced
non-native fishes than biological factors. Also, non-native species that
are ecological generalists in terms of either food or habitat and have
morphological specializations of aggregation behaviour and aggressive-
ness, such as A. saxatilis, have often more successful in the survival
(Moyle and Marchetti, 2006; Côté et al., 2013). Survival and spread of
individuals of non-native species can occur in part due to the intrinsic
characteristics of the species, such as fast life history and competitive
ability (especially against the congeneric indigenous species), but it
can also be facilitated by some characteristics of the recipient communi-
ty, such as the scarcity of effective native competitors, predators and
parasites and resource availability, among other factors (Côté et al.,
2013). In this respect, A. saxatilis seem to have occupied vacant niches
that have been opened from the effects of overfishing, whose conse-
quences have been a change in the fish community with the decrease
of native fish species and their biomasses (Bustos et al., 2010).

Considering that a transport vector is the form in which species are
carried along a pathway, and a pathway is the route between the source
region and the region of release (Lockwood et al., 2007), our data clearly
indicate that oil platforms are very important vectors for transferring
(translocation and introduction) non-indigenous fish species and
other large-sized organisms. This vector has already been described by
Foster andWillan (1979) based on themonitored observation of a cou-
ple of A. saxatilis adopted by a semisubmersible exploratory drilling
platform in the coastal waters of the Solomon Islands, as well as by
Friedlander et al. (2014) who stated that the demersal fish fauna from
São Tomé and Príncipe, consisting of both western and eastern Atlantic
species, are being extended onto theWest African shelf by oil platforms.
Also, the oil rigs have been described as an important pathway for trans-
location and introduction of vagile non-native species such as
brachyurans and possibly other decapods (Page et al., 2006; Yeo et al.,
2010). Of the six general types of extra range dispersal pathways pro-
posed by Puth and Post (2005), oil rigs can be considered as mass dis-
persal type. This type is likely to capture a large proportion of the total
genetic diversity of one species because of the large number of individ-
uals translocated, so that the species introduced in a new area has levels
of genetic diversity comparable to that of native populations, favouring
the propagation over large areas (Puth and Post, 2005). These structures
provide artificial substrates exhibiting an extraordinary abundance and
diversity of fishes and, in some cases, the fish biomass is larger than for
most tropical reeffishes, and evenhigher thanmanypristine reefs of the
Pacific (Foster and Willan, 1979; Yeo et al., 2010; Friedlander et al.,
2014). These oil platforms not only provide greater opportunity for vag-
ile organisms to enter new environments as adults (Ferreira et al.,
2006), but also raises the high probability that species will be reproduc-
tive in situ, as has been described by Yeo et al. (2010) and Friedlander
et al. (2014).

Results obtained herein support that adult or subadult individuals of
non-native fish species arrived associated to oil platforms. However,
Brito et al. (2011) pointed the possibility of arrival to the Canaries of
one adult of African hind, C. taeniops, and other large adult specimens
through ballastwaters. In this regard, the present results do not support
Brito et al. (2011) hypothesis and provide a more suitable vector. How-
ever, the transport of small fish in ships' ballast water cannot be totally
rejected because live fish have been observed in ships' ballast water
(Williams et al., 1988; Wonham et al., 2000).

The absence of native species in the censuses at the rigs and their
presence at the pier, together with the observation of non-native spe-
cies after departure of platforms, reject the possibility that these non-
native species were already present in the area introduced by another
vector and then observed at the rigs, as a consequence that these non-
native species approach to the platform once docked. Also, the results
of the cluster analysis verified that the dissimilarity along the time in



Table 2
Results of the SIMPER routine to analyze the contribution (C, in %) of typifying species.

12/2014 3/2015 3–6/2003 2/2015 4/2015

Oil rig 1,
Average similarity: 83.85

Oil rig 2
Average similarity: 82.97

Pier 0
Average similarity: 83.92

Pier 1
Average similarity:
88.73

Pier 2
Average similarity:
88.01

Species C % Species C % Species C % Species C % Species C %

A. hoefleri 45.35 Blennidae n.i. 46.40 T. pavo 13.53 C. limbata 10.66 C. limbata 9.85
A. saxatilis 35.31 A. hoefleri 30.18 C. limbata 12.99 T. pavo 9.78 T. pavo 9.58
Abudefduf n.i. 7.62 A. bahianus 14.91 B. boops 12.52 B. boops 9.31 B. boops 9.15
Blenniidae n.i. 4.33 A. luridus 11.92 A. saxatilis 9.15 A. saxatilis 8.70

C. capistrata 9.06 D. sargus 8.48 D. sargus 7.87
D. sargus 8.65 A. hoefleri 7.13 A. hoefleri 7.34
S. cretense 7.56 C. capistrata 6.71 A. luridus 5.92
S. synodus 4.69 S. cretense 6.44 C. capistrata 5.70
K. sectatrix 4.63 A. luridus 6.00 S. cretense 5.41
A. strigosus 4.28 O. melanura 5.46 O. melanura 5.18

A. monroviae 4.55 A. monroviae 4.33
A. strigosus 4.24 A. strigosus 4.33

K. sectatrix 3.54

Oil rigs 1 & 2
Average dissimilarity: 72.60

Oil rig 1 & Pier 1
Average dissimilarity: 77.69

Oil rig 2 & Pier 1
Average dissimilarity: 84.61

Oil rig 2 & Pier 2
Average dissimilarity: 81.09

Pier 0 & Pier 1–2
Average dissimilarity: 32.15

Species C % Species C % Species C % Species C % Species C %
A. hoefleri 36.66 A. hoefleri 23.43 Blenniidae n.i. 11.88 Blenniidae n.i. 11.83 A. saxatilis 15.03
A. saxatilis 33.36 A. saxatilis 14.31 C. limbata 8.92 C. limbata 8.79 A. hoefleri 12.37
Blenniidae n.i. 10.03 C. limbata 6.62 T. pavo 8.28 T. pavo 8.36 A. monroviae 7.83
Abudefduf n.i 5.77 T. pavo 6.14 B. boops 7.79 B. boops 8.01 A. bahianus 5.44
P. furcifer 4.14 B. boops 5.78 A. saxatilis 7.77 A. saxatilis 7.53 D. vulgaris 5.01

D. sargus 5.39 D. sargus 7.25 D. sargus 7.12 O. melanura 4.45
S. cretense 4.19 S. cretense 5.64 A. luridus 5.31 D. sargus 3.97
C. capistrata 4.10 C. capistrata 5.52 S. cretense 5.24 P. furcifer 3.43
A. luridus 3.82 A. luridus 5.16 C. capistrata 5.12 A. luridus 3.08
Abudefduf n.i. 3.78 O. melanura 4.75 O. melanura 4.55 E. marginatus 3.06
O. melanura 3.53 A. monroviae 4.10 A. monroviae 3.88 C. limbata 2.77
Blennidae n.i. 2.76 A. strigosus 3.63 A. strigosus 3.87 K. sectatrix 2.55
A. strigosus 2.69 S. synodus 3.56 K. sectatrix 3.54 C. capistrata 2.55
S. synodus 2.64 K. sectatrix 3.04 S. synodus 3.05 A. strigosus 2.43

P. furcifer 1.89 E. marginatus 2.72 A. chirurgus 2.41
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the pier are due to the introduction of non-native species, and therefore,
that rigs must be considered, for their species composition, a structure
without previous relation with natural fauna of the pier.

The market for oil rigs operating in West Africa and South America
has increasingly consolidated the Port of Las Palmas. It is very probable
that the heavy overseas traffic from West Africa and South America ar-
riving to the Canary Islandswas responsible formany of the first records
that were attributed to other sources in the past ten years. According to
our data, this also could be applied to southern Brazil and the Cape
Verde Islands. In this regard, in waters of the Cape Verde Islands,
Freitas et al. (2014) attributed the presence of 13 reef-associated species
endemic or native to thebiogeographical Brazilian Province to theNorth
Equatorial Countercurrent as a potential dispersal route for marine or-
ganisms crossing the Atlantic Ocean in a west–east direction. These au-
thors also indicated that Brazilian species have been recently recorded
as vagrants in the southern Caribbean andWest African offshore islands.
Previously, however, Rocha (2003) and Wirtz et al. (2007) indicated a
widespread extension of the Brazilian fish distribution beyond the bor-
der of the Brazilian Province,mainly toward the southern Caribbean and
African offshore islands. The origin of recorded non-native species
(from these areas and from the Canaries) and places of occurrence are
consistent with the routes of these rigs, whichwould explain the recent
rise in the observations of non-native species via the two main oil plat-
forms' Atlantic routes, coming from the Gulf of Guinea and/or southern
Brazil (sometimeswith one stop in the Cape Verde Islands) and arriving
at theCanary Islands. Oliveira and Creed (2008); Loebmannet al. (2010)
andWanless et al. (2010) suggested that some non-indigenous benthic
species could have been introduced into Brazil on oil platforms from the
Caribbean coast. In this regard, Ferreira et al. (2006) recorded 22 species
exotic to Brazil, with 10 species as first records, on oil platforms in the
Brazilian coast.

The greater the degree of international trade, the higher the number
of non-native species. Thus, future management decisions on non-
native species transport should consider the role of international over-
seas traffic in promoting species introduction. For the moment, the
number of individuals of the non-native species in marine ecosystems
of the Canaries seems to be low. However, this requires more investiga-
tion with emphasis on controlling the spread and growth of their popu-
lations (Gardner et al., 2015).
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