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Abstract: Artificial structures act as points of entry for non-indigenous species (NIS) in port areas
and may support higher abundance and richness of them. The studies about NIS are increasing,
but studies focusing on the variations in temporal recruitment and ecological mechanisms are still
scarce. Thus, the aim of this work was to determine the colonization and development of non-
indigenous sessile fouling species over two types of substrates (electrolytic carbonated and steel)
during 12 months of immersion in the Alicante harbor. The biofouling communities of both substrates
were analyzed in terms of abundance and species richness by status (native, cryptogenic, and NIS),
and NIS assemblages of both substrates were studied by means of multivariate analyses. In total,
53 different species were identified, 38 in steel (six NIS and six cryptogenic) and 50 in the carbonated
substrate (six NIS and 10 cryptogenic). Most NIS were more abundant and diverse after 9 months
of immersion and had a preference for carbonated substrates. Furthermore, most of them were
positively correlated in both substrates (mainly in steel) and it is noted that the number of NIS in the
port of Alicante is increasing as new records have been detected.

Keywords: biofouling; sessile invertebrate; alien species; carbonated structures

1. Introduction

Biodiversity loss is one of the problems the world is facing nowadays. It is declining
worldwide due to different reasons: global warming, overexploitation, changes in land and
sea use, habitat destruction, and bioinvasions [1-3]. Bioinvasions are the introduction of
non-indigenous species (hereafter NIS) in a different biogeographic region due to human
activity, in both direct and indirect ways. In fact, the introduction of NIS and habitat
modification are considered the most important drivers of biodiversity loss in coastal
areas [4,5]. Almost all seas of the world have experienced the introduction of NIS [6-8],
with the Mediterranean Sea being the most invaded one, with over 700 NIS [9,10].

During recent years, studies about NIS have increased, but studies focusing on the
variations in temporal recruitment and ecological mechanisms are still scarce [11,12]. NIS
has several effects on the host habitat, as they compete with native species for resources,
such as food and space, and they can change the stablished community structure and alter
the ecosystem functions by the substitution of species, up to the point of eliminating the
native species [13,14]. Hence, they promote the biotic homogenization of biodiversity and
functionality [13,15,16].

Biofouling and ballast waters are among the main human-mediated dispersal path-
ways for aquatic NIS, which make port areas, especially large ports, hotspots for the
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primary introduction of NIS [16,17]. In fact, those areas are the ones with a high number
of human-made artificial infrastructures submerged in the marine environment. Those
structures are made of both natural and artificial materials, but the artificial ones are more
common, such as pontoons, buoys, and dikes. It has been seen that there are differences in
biofouling assemblages within different substrates (e.g., [18-20]), and one of the reasons is
that NIS are more frequent in artificial substrates than in naturally occurring ones [20-22].
As such, these artificial structures act as points of entry for NIS in port areas and may
support more abundance and richness of them [23-25]. This is because artificial materials
and port areas are an anthropologically altered environment, in which NIS can compete
better than native ones, contrary to what happens in natural habitats [14,20,24].

In this context, there is an urgent need to determine the ecological and evolutionary
mechanisms that promote NIS in order to make appropriate management and conservation
strategies [2]. This is especially important when new structures are submerged in the
marine environment, as it is aimed to recruit the least possible number of NIS [24,26].
Moreover, given the important role of port structures in the introduction and establishment
of NIS, these areas are pivotal to assess the early detection of NIS for further management
strategies [16].

Hence, we aimed to observe the colonization of sessile macrofouling from Alicante’s port
on two types of substrates (electrolytic carbonated and steel) over 12 months. These materials
were used as, contrary to concrete or PVC (the most commonly used materials), they do not
have any negative impacts on the marine environment as they do not release any substances
from them. In addition, as they are made out of the salts dissolved in the sea water, they are
natural substrates and are similar in composition to natural limestone [27]. The colonization
stages of biofouling species on these types of substrates have been analyzed in a previous
work [28]. However, this study focused on the non-indigenous and cryptogenic species in order
to observe how their development vary among substrates. It was hypothesized that the NIS
would be more abundant on bare steel as it is a more artificial substrate. Moreover, we intended
to observe the development and succession patterns of NIS within the different substrates.

2. Materials and Methods
2.1. Study Site

The study was conducted in the port of Alicante (SE Spain) in the 9th dock (N 38°20/09.23"—-
W 00°29'05.81") for 12 months between 15 October 2019 and 13 October 2020. The dock is
located in the outer quay of the harbor (Figure 1) and has a maximum depth of 10 m. During
the study, the surface seawater mean temperature varied as shown, with a range from 14.1 to
28.3 °C (according to https:/ /www.puertos.es/es-es accessed on 22 October 2022).

0.490°W 0.480°W 0.470°W

Figure 1. Alicante’s harbor location and ninth dock position (white circle). Images adapted from
Google Earth via QGIS 3.16.7.
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2.2. Sampling

In order to study the development of non-indigenous and cryptogenic species over
12 months of succession, 24 carbon steel meshes of 15 x 15 cm? were used: 12 with an
electrolytically precipitated carbonated layer as in [29] and the other 12 only bare steel,
acting as controls. All the meshes were arranged, alternately, in 3 profiles of 8 meshes each
and were placed at 2 m depth, 1 m away from the dock. The meshes were separated 20 cm
from each other, and the profiles were 5 m apart. Each mesh consisted of a quadrat of
15 x 15 cm?, without any subquadrat inside, as stated in [30]. To follow the colonization
process according to the immersion time, every 3 months, 6 meshes (3 for each type of
material) were collected.

In the lab, the samples were fixed with formalin at 10% with seawater for 48 h. Or-
ganisms were identified to the lowest taxon possible (based on the World Register of
Marine Species: https://www.marinespecies.org accessed on 29 May 2024). For this
study, only sessile macrofouling species were used. Moreover, the status of introduction
(native, cryptogenic, or NIS) of each identified species was assessed by NIS inventories
for the Mediterranean Sea [10,31-34] and specialized databases (World Register of Intro-
duced Marine Species WRiMS: http:/ /www.marinespecies.org/introduced/ accessed on
29 May 2024, National Exotic Marine and Estuarine Species Information System NEMESIS:
http:/ /invasions.si.edu/nemesis/ accessed on 29 May 2024) and European Alien Species
Information Network (EASIN: https://easin.jrc.ec.europa.eu accessed on 29 May 2024).

2.3. Data Treatment

Both univariate and multivariate analyses were performed in order to evaluate the
effect of the substrate and the immersion time over the sessile macrofouling. In all cases, a
two-way test was carried out with substrate (orthogonal and fixed, with 2 levels) and the
immersion time (orthogonal and fixed, with 4 levels) as factors. It has to be noted that the
third replicate of the carbonated treatment in the last immersion time was lost, so the mean
value between the other two was used as its value. Moreover, only taxa identified at the
species level were used for the analysis.

In order to observe the effects of the substrates and the immersion time over the
diversity and total abundance of the biofouling assemblages, a permutational ANOVA with
Euclidean distance was performed [35]. This was carried out for the abundance (measured
in organisms/cm? or colonies/cm?) and for species richness detected on each sample. The
analysis was performed by the status (native, non-indigenous and cryptogenic) indepen-
dently. A permutational ANOVA was carried out instead of conventional ANOVA as the
first one is not a parametric test and to assess the p-value with Monte Carlo method [36].

On the other hand, to determine the effect only in the NIS assemblages, a PER-
MANOVA was performed. The dataset was constructed with the abundances of NIS with a
prior 4th root transformation and the Bray—Curtis similarity was used [37]. To supplement
PERMANOVA, a non-metric multidimensional scaling (nMDS), also with the Bray—Curtis
similarity, was performed to observe the results and the species with a correlation higher
than 0.5 were graphed as vectors on it. As there were replicates without any NIS, they were
erased to make the nMDS in order to correctly see the distribution and patterns (Figure S1).
In addition, a PERMDISP was used to test whether the differences were caused by the factor
or by the dispersion of the data [36]. Moreover, a Pearson correlation test was carried out
among the NIS in order to detect facilitation or competence patterns among the species [38].

PERMANOVA, nMDS, and PERMDISP were conducted in PRIMERv6+PERMANOVA
v1.0.3 software [39], whereas the correlation test was conducted in R 4.1.2 [40].

3. Results
3.1. Diversity

In this study, 61 different taxa were identified, most of them (53) to species level.
Among them, 36 were natives, 7 were NIS, and 10 were cryptogenic (Table S1). Focusing
on the different substrates, out of the 38 species of the control treatment, 26 (68.4%) were
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natives, 6 (15.8%) were NIS, and 6 (15.8%) were cryptogenic, whereas out of the 50 species
of the carbonated treatment, 34 (68%) were natives, 6 (12%) were NIS, and 10 (20%) were
cryptogenic. The recorded NIS were: Balanus trigonus, Botrylloides cf niger, Branchiomma
bairdi, Hydroides dirampha, Hydroides elegans, Spirobranchus cf tetraceros, and Styela plicata.
Moreover, B. cf. niger was only found on the carbonate substrate and S.cf. tetraceros
only on the control treatment. The species recognized as cryptogenic were: Amphibalanus
amphitrite, Bugula neritina, Bugulina fulva, Bugulina stolonifera, Ciona intestinalis, Diplosoma
listerianum, Savignyella lafontii, Schizoporella errata, Styela canopus, and Watersipora subtorquata.
Furthermore, out of the 10 known non-indigenous and nine cryptogenic sessile species in
the Alicante harbor, three NIS and six cryptogenic were detected, highlighting the new
records of the four NIS (H. dirampha, S. cf. tetraceros, B.trigonus, and B. cf. niger), and
four cryptogenic species (B. fulva, B. stolonifera, S. lafontii, and W. subtorquata) (Table 1) for
this area.

Table 1. List of sessile non-indigenous and cryptogenic species recorded in the port of Alicante based
on bibliography and this study. Status: (NIS) non-indigenous species; (Cryp) cryptogenic.

Species Status First Record Source
Porifera
Paraleucilla magna Klautau et al. 2004 NIS 2016 [41]
Anthozoa
Oculina patagonica de Angelis D’Ossat, NIS 1973 [42]
1908
Polychaeta
Branchiomma bairdi (McIntosh, 1885) NIS 2013 (Alzlglagte Bay)i  [43,44]; This study
Ficopomatus enigmaticus (Fauvel, 1923) NIS 2016 [44]
Hydroides dirampha Morch, 1863 NIS 2020 This study
Hydroides elegans (Haswell, 1883) NIS 2016 [44]; This study
Spirobranchus cf. tetraceros .
(Schmarda, 1861) NIS 2020 This study
Cirripedia
Amphibalanus amphitrite (Darwin, 1854) Cryp 1972 [45]; This study
Balanus trigonus Darwin, 1854 NIS 2020 This study
Gastropoda
Bostrycapulus odites Collin, 2005 NIS 1973 [46]
Bryozoa
Amathia verticillata (delle Chiaje, 1822) NIS 1972 [45]
Bugulina fulva (Ryland, 1960) Cryp 2020 This study
Bugulina stolonifera (Ryland, 1960) Cryp 2020 This study
Bugula neritina (Linnaeus, 1758) Cryp 1972 [45]; This study
Celleporaria brunnea (Hincks, 1884) NIS 2016 [34]
Savignyella lafontii (Audouin, 1826) Cryp 2020 This study
Schizoporella errata (Waters, 1878) Cryp 1972 [45]; This study
Watersipora arcuata Banta, 1969 NIS 2016 [34]
Watersipora subtorquata .
(d'Orbigny, 1852) Cryp 2020 This study
Ascidiacea
Botrylloides cf. niger Herdman, 1886 NIS 2020 This study
Botryllus shclosseri (Pallas, 1766) Cryp 1980 [47]
Ciona intestinalis (Linnaeus, 1767) Cryp 1980 [47]; This study
Clavelina lepadiformis (Miiller, 1776) Cryp 1979 [48]
Diplosoma listerianum J—
(Milne Edwards, 1841) Cryp 1980 [47]; This study
Microcosmus squamiger ©
Michaelsen, 1972 Cryp 1980 [47]
Styela canopus (Savigny, 1816) Cryp 1980 [47]; This study
Styela plicata (Lesueur, 1823) NIS 1978 [48]; This study

Notes: () as Bostrycapulus (=Crepidula) calyptraeifornis (Deshayes, 1830); ? as Microcosmus exasperatus
Heller, 1878.
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All species, independent of their status of introduction, were more abundant in the
carbonated substrate (Figure 2a, Table 2) and the immersion time was significant, but only
for NIS and cryptogenic species was the interaction of both factors significant. The native
species were more abundant during the first two periods of immersion and after that they
decreased, whereas NIS were more abundant after 9 months and then decreased, coinciding
with the reduction of natives. Furthermore, NIS were more abundant in carbonated
treatment during all immersion times. In the case of cryptogenic species, they were more
abundant on the carbonated substrate after 3 months of immersion, but not during the
other periods.

3 6 9 12 3 6 9 12 3 6 9 12 9 12 3 6 9 12
Immersion time (months) Immersion time (months)

a) b)
Cryptogenic Native NIS Cryptogenic Native NIS
25
7.54 204
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Figure 2. Bar graph for abundance (a) and species richness (b) of each status of introduction type
among substrates and immersion time.

Table 2. Two-way crossed permutational ANOVA results for the abundance (organisms/cm? or
colonies/cm?) of native, NIS, and cryptogenic species for the substrate (=S) and immersion time (=T).

Source df MS Pseudo-F  P(perm) Post Hoc Test
Native
S 1 18.364 8.4719 0.0094 C>1
T 3 84.974 13.067 0.0004 6 =3>9>12
SxT 3 6.0315 0.9275 0.4482
Residuals 16 34.682
Total 23
NIS
S 1 4.6712 67.627 0.0002 C>l
T 3 5.4685 26.39 0.0002 9>3=6=12
SxT 3 3.2067 15.475 0.0002 3: C>L;6: C>L9: C>L 12: Co1
Residuals 16 1.1052
Total 23
Cryptogenic
S 1 0.9791 87.844 0.0002 C>1
T 3 0.0456 4.0917 0.0228 3=9>6=12
SxT 3 0.0273 2.4563 0.099
Residuals 16 0.0115
Total 23

Notes: C = carbonated treatment, I = iron treatment.

Referring to the richness, the trend was similar. All of them had their highest species
richness on the carbonated treatment and the more diverse ones were natives, but in this
case, all of them were affected by the immersion time (Figure 2b, Table 3), except for the
cryptogenic species as their number was similar over all the study period with a small
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decreasing trend. Both native and NIS had their highest richness during the period of 9
months and the lowest after 3 months.

Table 3. Two-way crossed permutational ANOVA results for the species richness of native, NIS, and
cryptogenic species for the substrate (=5) and immersion time (=T). Notes: C = carbonated treatment,
I = iron treatment.

Source df MS Pseudo-F P(perm) Post Hoc Test
Native
S 1 198.38 46.223 0.0004 C>S
T 3 96.931 22.586 0.0002 9>6>3 =12
SxT 3 11.264 2.6246 0.0814
Residuals 16 42917
Total 23
NIS
S 1 13.5 15.429 0.0016 C>S
T 3 6.5556 7.4921 0.0028 9>12 = 6>3
SxT 3 1.6111 1.8413 0.1766
Residuals 16 0.875
Total 23
Cryptogenic
S 1 20.167 18.615 0.001 C>S
T 3 1 0.9231 0.469
SxT 3 0.9444 0.8718 0.483
Residuals 16 1.0833
Total 23

3.2. Non-Indigenous and Cryptogenic Species

Over the seven recorded NIS, most of them were influenced by the substrate material,
the immersion time, and the interaction (Table S2). Only one species (Spirobranchus cf.
tetraceros) was not found to be influenced by the substrate material and the immersion
time, so their recruitment, settlement, and development seemed to be influenced by other
factors. Moreover, there were cases in which species did not appear in every period. This
means that their appearance was linked to the immersion duration, as they needed a
developed community before being recruited, or they needed a submersion season with
specific environmental conditions to have a higher available propagule. This was the case
of Branchiomma bairdi, Styela plicata, and Botrylloides cf. niger.

In the case of Balanus trigonus, B. bairdi, S. plicata, and B. cf. niger were significantly
more abundant in the carbonated treatment, but this trend was not found in all the periods
of immersion. Balanus trigonus was more abundant on the carbonated treatment until the
last period, in which there were no differences, and S. plicata was more abundant after
9 and 12 months of immersion. A special case was B. bairdi, as it was more abundant in steel
treatment after 6 months of immersion, but during the next periods was more abundant
in carbonated treatment. On the other hand, both Hydroides dirampha and H. elegans were
influenced by the immersion time and their interaction, but not by the material. In addition,
they showed their higher abundances after 9 months, but this trend was not maintained
after 12.

Five cryptogenic species were influenced by the substrate material or the immersion
time (Table S3). In fact, four were influenced by the interaction of both factors. These species
were Amphibalanus amphitrite, Watersipora subtorquata, Styela canopus, and Schizoporella errata.
All of them were more abundant in the carbonated treatment: A. amphitrite was statistically
more abundant after 3 and 9 months of immersion, H. elegans was more abundant only
after 3 months, S. canopus after 9 and 12 months, and S. errata after 3, 6, and 12 months.
Note that Bugulina fulva showed significant differences for the interactions, but the post
hoc test was not capable of detecting those differences because of its low abundance. On
the other hand, S. lafontii was clearly affected by the immersion time as it only appeared
after 12 months.
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Focusing on the effect of NIS in the community, it is shown that these were affected by
both substrate and immersion time and the interaction (Table 4). The dispersion was only
significant (PERMDISP > 0.05) for the substrate, concretely in the steel substrate, as the
samples were clearly more separated (Figure 3). In addition, by looking at the immersion
time by substrate, samples were close to each other within the treatments, except for the
carbonated treatment at 6 months and for the steel treatment at 3 and 12 months. In
fact, it shows that there are species that highly correlated with substrates and immersion
times. Ascidians S. plicata and B. cf. niger highly correlated with the 9 and 12 months in
the carbonated substrate. In the case of B. bairdi, there was a correlation with the control
treatment after 6 months, and B. trigonus correlated with the 3-month carbonated treatment.

Table 4. PERMANOVA results for the abundance of macrofouling NIS assemblages for the different
substrates and immersion time.

Source df MS Pseudo-F P(perm) Post Hoc Test
S 1 8541.5 28.975 0.0002 C#S
T 3 3845.8 13.045 0.0002 3#£6£9£12
SxT 3 1230.6 41745 0.001 3 C#S; 6 CCiSS 9: C#5;12:
Residuals 16 294.8
Total 23

Transform: Fourth root
Resemblance: S17 Bray Curtis similarit

2D Stress: 0.14 || Substrate x Time length
Control3
A Carbonated3
Control6
m Carbonated6
Control9
® Carbonated9
¢ Control12
.’ & Carbonated12

Sl

Figure 3. A non-metric multidimensional scaling based on Bray—-Curtis similarity of NIS biofouling
assemblages for each immersion time and substrate type. The vectors represent the NIS with a
correlation over 0.5.

Moreover, by looking at Pearson correlations (Tables 5 and 6), almost all NIS (except
for B. trigonus in the control and H. elegans and S. plicata in the carbonated) significantly
correlated with, at least, one species. In the control treatment, all of them were positively
correlated and a group made of H. dirampha, H. elegans, B. bairdi, and S. plicata formed as
they were correlated together with values over 0.6. Regarding the carbonated treatment, B.
trigonus and B. cf. niger were strongly negatively correlated and a group was formed by H.
dirampha and B. bairdi, which correlated positively with values over 0.66.
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Table 5. Pearson correlation matrix of NIS appeared in the control treatment. Significant correlations
are marked with *.

1 2 3 4 5 6
H. elegams 1 1
S. cf. tetraceros 2 0.86 * 1
B. trigonus 3 —0.02 —0.13 1
H. dirampha 4 0.80 * 0.52 —0.09 1
B. bairdi 5 0.75* 0.84* —0.29 0.61* 1
S. plicata 6 0.88* 0.81* 0.22 0.8* 0.72* 1

Table 6. Pearson correlation matrix of NIS appeared in the carbonated treatment. Significant
correlations are marked with *.

1 2 3 4 5 6
H. elegans 1 1
B. cf. niger 2 —0.57 1
B. trigonus 3 0.52 —0.88* 1
H. dirampha 4 0.05 -0.3 0.49 1
B. bairdi 5 0.08 —0.27 0.39 0.81* 1
S. plicata 6 —0.23 0.37 —0.15 0 0.37 1

4. Discussion

The abundance of NIS, native, and cryptogenic species was higher in the carbonated
treatment than in the steel one. Moreover, it was influenced by the immersion time,
especially for the native species and NIS. Those two were offset during the succession, as
at 6 months the natives showed their maximum abundance and NIS decreased, but after
9 months NIS abundance increased almost up to the native values, and they kept almost
the same relative abundance to each other in the last period, although both abundances
decreased. Similarly to the abundance, the same occurred for the species richness, except
both the native species and NIS had their higher number of species at the third period
(9 months). These results show that species were clearly influenced by seasonal larval
supply and seasonality [12,49,50]. In fact, according to what was expected, the NIS had
their highest abundance and species richness values after 9 months, from later spring to
early-mid-summer (May-July), as they have been shown to have higher peaks in warmer
months [49,51,52]. Some authors, such as Fargione et al. [53], have suggested that the
success of NIS over natives is due to a non-overlapping recruitment period, but this trend
does not have to be like the one experienced by [12] in the Central Mediterranean. Indeed,
in our case, the trend was not completely clear, as abundances did not overlap in time,
whereas the peak of species richness for both natives and NIS occurred at the same period,
so more studies should be carried out in order to determine the trend in the port of Alicante.

Referring to the effect of the substrate over the species, contrary to expectations, both
abundance and species richness of NIS were higher in the carbonated treatment. This is
peculiar as NIS have a preference or they can compete better in artificial substrates than
native ones, and because the carbonated material is very similar to naturally occurring
limestone, so it was expected to have more NIS in the control treatment. Nevertheless, by
looking at the control treatment, it is clear that NIS became more abundant than natives
in their peak of recruitment (third period), agreeing with other studies [14,20,24]. The
electrolytic carbonated substrate is so similar to natural rock that it imitates the home
range substrate of a large number of species, independently of their status of introduction.
This could explain the reason for having a high number of both natives and NIS, and
why it enhanced the recruitment of them over the control treatment, where the expected
trend occurred.

In port environments, it is not always clear what is the naturally occurring community
as most of the substrates are artificial, it is an altered system [54], and there are (when
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there are) few previous studies about the inhabiting species. For the case of Alicante’s port,
there are a few studies, of which, we highlight a study from [34,44,47], in which they found
10 NIS by rapid assessment protocol and both mobile and sessile macrofouling species
were considered (Styela plicata, Celleporaria brunnea, Watersipora arcuata, Oculina patagonica,
Caprella scaura, Mesanthura cf. romulea, Paranthura japonica, Branchiomma bairdi, Ficopomatus
enigmaticus, and Hydroides elegans). In our study, a similar number of NIS (seven spp.)
were found, but with some differences, as we did not find O. patagonica, F. enigmaticus, W.
arcuata, and C. brunnea, while Spirobranchus cf. tetraceros and Botrylloides cf. niger where
not found in [34,44]. It has to be highlighted that S.cf. tetraceros was only recorded in
Spain in the port of Valencia [55] until this study. Although only one specimen has been
found, it could mean that the population from Valencia is spreading, probably thanks to
shipping, and it reached Alicante’s port. Moreover, this is the first record for B. cf. niger
in the Spanish Mediterranean. However, one of the authors (AARE) probably detected
this in 1979 and identified it as Botrylloides leachii in the port of Alicante during summer
months [47]. Furthermore, there are some other new records for Alicante’s harbor that can
have been overlooked due to the lack of studies, such as the case of Hydroides dirampha
that has been detected since 1923 in Valencia [56], which could have arrived some years
ago. Serpulids, Bryozoans, and Cirripedia are typical fouling species, and it is possible that
the species recorded here have been in the study area for decades. In addition, it should
be noted that cryptogenic and non-indigenous species abundance in the port of Alicante
and recorded since the 1970s [45,47], such as the bryozoan Amathia verticillata (delle Chiaje,
1822), and the ascidians Clavelina lepadiformis (Miiller, 1776), Botryllus schlosseri (Pallas, 1766),
and Microcosmus squamiger Michaelsen, 1927 (as M. exasperatus), have not been collected on
the meshes (carbonated and steel). So, it shows the need for a greater effort in temporal
monitoring of present NIS in order to prevent further bioinvasions and local spreading. In
fact, this monitoring should be a standardized method to remove the bias.

Referring to each NIS, it can be seen that there are three groups: (i) the ones not
influenced by any of the studied factors (S. cf. tetraceros), (ii) ones influenced by both
factors and interaction (B. bairdi, B. trigonus, S. plicata), and (iii) ones affected by immersion
time and/or interaction (H. dirampha and H. elegans). As Hydroides spp. are the ones
that dominate worldwide fouling communities [8,57], it makes sense for these to be time-
dependent more than substrate-material-dependent, as they are gregarious species and
grow over other serpulid tubes. In fact, H. elegans was only more abundant in the carbonated
treatment in the first period, although it was abundant during the study, which means that
it is a pioneer species, but it does not disappear. In the case of other species, this preference
for the electrolytic carbonated substrate could be because of its similarity to limestone, as it
has been said. Nevertheless, in all cases, the seasonality of species was demonstrated as
most of them had their highest abundances after 9 months of immersion (third period),
corresponding to warmer months. There was a case where high abundances were found,
especially in the carbonated treatment, in the first months (Balanus trignous and H. elegans).
Moreover, there were non-indigenous species that appeared only in the warmer periods, as
in the case of B. cf. niger, and others appeared during the cold months and were maintained
along the study (B. bairdi and S. plicata). This could be due to the propagule supply and
because they need a specific development stage of the community.

Among cryptogenic species, Savignyella lafontii presented a specific development stage
of the community as it only appeared in the last period, and Amphibalanus amphitrite, S.
plicata, S. errata, and Watersipora subtorquata were influenced by the substrate and immersion
length. A. amphitrite was more abundant in the carbonated treatment after 3 and 9 months,
and after 12 months it did not appear alive, only the shell. This could mean that A.
amphitrite acts as a pioneer species and, as the community develops it leaves the space to
other species, such as S. lafontii, as it cannot compete against them. One of those species
could be S. errata, which has a laminar growth and can grow over the shell, limiting or
blocking its feeding capacity. In fact, this could be crucial in the development of the
community, as it generates more available hard substrate for the colonization of other
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species, as happens with the shells of dead cirripedes. Moreover, S. errata was more
abundant in the carbonated treatment for almost every sample, which goes along with the
fact that this substrate has more space (carbonated layer plus other hard bodied organisms)
to be colonized. Furthermore, W. subtorquata could have a similar behavior to S. errata as
it also has this laminar growth, but this species seems to be influenced by the immersion
period. Nevertheless, there are some species, mainly ascidians, that have not been recorded
during the study and they are known for the port. This implies that these substrates are
not suitable for their settlement, or they need a more developed community to correctly
settle and develop.

Regarding NIS assemblages, it was observed that they were differentiated by substrate
and by immersion time, as there are two groups: 3 to 6 months and 9 to 12 months. This
trend was especially marked in the control treatment, and it matched the separation of
months by their temperature: the colder months and the warmer ones. In the carbonated
treatment, this separation could be seen between the first three months and the last 9 and 12,
being the stage of 6 months a transitory and dispersed time. These results go along with
what was observed, studying the whole fouling community in these typed of substrates [28].
In addition, it also suggests a development of the assemblages, which could be seen in
the carbonated treatment, for which B. trigonus will be a pioneer species and, as far as the
immersion duration goes ahead, ascidians will appear, and they will be more important in
that step of succession.

All non-indigenous species were positively correlated between them in the steel
treatment. This result, and the fact that steel is an artificial substrate, will support the
idea that NIS can enhance the recruitment of each other, being the reason for appearing as
better colonizers than natives in artificial materials. On the other hand, in the carbonated
treatment, there were species with negative correlations. These were B. cf. niger with B.
trigonus. These negative correlations could be caused by the encrusting growth of B. cf.
niger as it could grow over the barnacle, hindering its capacity to feed. In fact, B. cf. niger
negatively correlated with the rest of the species, except for S. plicata, supporting the idea
that its growth type prevents the growth, feeding, and/or settlement of other species.

In addition, all tube-forming species (order Sabellida) correlated together, which
would indicate that the species belonging to the taxa tend to recruit together. These results
could mean that they not only do not compete with each other for the space, but also, they
can co-occur within the same habitat and enhance the recruitment of others. In fact, this
was seen with W. subtorquata in the carbonated treatment, which used the formed new
substrate to grow, and with S. plicata in the control treatment. In this last case, both taxa
benefitted from each other, as the ascidian could use the new substrata and generate more
substrate with its tunic to the growth of other species [58]. Moreover, these species are the
typical ones with high abundance and rapid growth (the case of serpulids, principally) in
port areas, as well as other artificial substrates and perturbed areas [57,59], which could be
a good explanation.

Taking all of this into account, most of the NIS have demonstrated a preference for
the electrolytic carbonated substrate and the NIS that appeared are the typical ones in the
fouling communities worldwide. It has been shown that the trend in artificial substrates
in the recruitment of NIS is not always happening, so there is a need to determine which
types of substrates recruit more NIS. In addition, the number of NIS present in the port of
Alicante is increasing over the years and there is no control over it, so, there is a need for
monitoring port environments in order to assess and to control new bioinvasions and the
spreading of occurring NIS. Thus, as NIS preferred the electrolytic carbonated substrate, it
would be a suitable material as an early detection tool of NIS in port areas. Actually, even
though NIS were more abundant on it, native ones were too and the relative abundance
between them was higher than in steel, so it can be considered a better construction material
for those areas.
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