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Abstract
As part of efforts to restore fishery resources and recover damaged coastal ecosystems, artificial reefs are often
anchored on the seafloor in coastal zones, to provide new habitats for marine organisms. The aim of the study was
to describe the structure of a community of benthic invertebrates colonising a niche-type artificial reef (AATN in
Spanish). Nine structures were anchored at depths of 16 ± 1.5 m for 99 weeks (22 months) in the Area of Benthic
Resource Management and Exploitation (AMERB) in coastal waters of the Region of Bio Bio, Chile.
The results showed that, at 3 months from submersion of the NTAR, much of the artificial substrate remained bare
and there were only low levels of specimens of Balanus sp. barnacles, showing mean coverage of 11.26%, and even
lower proportions of Rhodophyta, with mean coverage of 0.34%. At 6 months, the presence of hydrozoans was
seen, decreasing the coverage of the barnacles, which was aided further at 8 months with the arrival of barnacle
predatory invertebrates. At 8 months, new benthic invertebrates appeared and competed for the substrate. These
included sponges and algae. At 99 weeks, the hydrozoans dominated the substrate, followed by barnacles and
Rhodophyta, the first colonising organisms, leading to colonisation by motile macro-invertebrates, mainly
consisting of crustaceans, echinoderms and molluscs.
The AATN artificial system provides an ideal substrate for the development of early ecological succession and the
use of this technology should be feasible in the recovery process of habitat damaged by anthropogenic actions
and climate change.
Keywords: Artificial reefs, Ecological succession, Colonisation, Benthic organisms, Balanus sp., Rhodophyta,
Hydrozoans

Introduction
The definitions of artificial reefs vary by country and region, leading the London Convention and Protocol/
UNEP, 2010, to agree the definition that they are structures placed intentionally on the sea bed with the aim of
imitating the function of a natural reef, i.e. protection,
regeneration, concentration or growth of marine resources. Over the years, artificial reefs have been used
for different purposes. The first artificial reefs were built
to increase the populations of certain species and
thereby increase fishing of those species (Herbert et al.
2017, Noh et al. 2017, Ponti et al. 2015, Fabi et al. 2011).
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In recent years, artificial reefs have being used to recover
and repair habitats damaged by anthropogenic intervention or climate changes (Komyakova et al. 2019, Lee
et al. 2018, Silva Lima et al. 2018).
Over time, these reefs have become more popular and
their aims have subsequently broadened (Ponti et al.,
2015, Fabi et al., 2011) to account for new needs, such
as recreation, habitat restoration or growth, contribution
of new knowledge on species behaviour in its natural
habitat or beach protection and erosion control (Encarnação & Calado, 2018, González-Duarte et al. 2018, Herbert et al. 2017, Liu et al. 2017, Navarro-Barranco et al.
2015, Firth et al. 2014, Pacheco et al. 2011, Ponti et al.
2015, Perkol-Finkel & Benayahu 2005). This has led to
increased knowledge regarding the materials used to
build such structures, ensuring they are not damaging to
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the environment (Herbert et al. 2017, Liversage et al.
2017, Spagnolo et al. 2014, Ponti et al. 2015, Fabi et al.
2011, OSPAR Commission 2009, Perkol-Finkel &
Benayahu 2005) and achieving more adequate designs
and sizes in accordance with the purpose in question
(Lavender et al. 2017, Rosental Zalmon et al. 2014,
Perkol-Finkel & Benayahu 2005). Waste materials were
generally used, such as tyres, wrecked ships, or the remains of machines, research platforms and pipes (Meyer
et al. 2017, Ponti et al. 2015, Perkol-Finkel & Benayahu
2005). Today, the more common materials are concrete,
pebbles, limestone rocks and in many cases PVC (Lezzi
et al. 2018, Liversage et al. 2017, Vaz-Pinto et al. 2014).
One of the main studies carried out after installing an
artificial reef is into the process of ecological succession
by benthic organisms that colonise the structure (González-Duarte et al. 2018, Herbert et al. 2017, Lezzi et al.
2018, Navarro-Barranco et al. 2015, Sen et al. 2014,
Uribe et al. 2015, Perkol-Finkel & Benayahu 2005). Several studies suggest that during ecological succession in
marine environments on this type of structure, the
stages of succession can be identified based on the pattern of development of the communities that settle on
the surface (Balqadi et al. 2018, Liu et al. 2017, Vergara
et al. 2016, Lozano-Cortés & Zapata 2014, Salta et al.
2013, Sweet et al. 2011, Keough 1998).
Ecological succession is defined in general as the perturbation of a specific area leading to changes in habitat
and community, occurring either naturally or by human
action (Herbert et al. 2017, Uribe et al. 2015, Vas-Pinto
2014). Several studies suggest that different stages can
be identified in the process based on the development of
communities settling on the surface (Balqadi et al. 2018,
Liu et al. 2017, Vergara et al. 2016, Lozano-Cortés &
Zapata 2014, Salta et al. 2013, Sweet et al. 2011, Keough
1998). These stages are early succession and late succession (Herbert et al. 2017, Lezzi et al. 2018, Meyer et al.
2017, Sen et al. 2014, Vas-Pinto 2014, Pacheco et al.
2011). Early succession is associated with the first organisms that settle on the reef, including the appearance of
organised microorganisms such as microbial mats or
biofilm (Herbert et al. 2018, Balqadi et al. 2018, LozanoCortés & Zapata 2014, Pacheco et al. 2011, Perkol-Finkel
& Benayahu 2005). This is followed by the arrival of
more complex organisms, which in turn attract predator
species from further along the food chain, thus establishing a new community in the habitat; this stage is known
as late succession (Herbert et al. 2017).
The aim of this study is to evaluate the ecological succession of benthic organisms, assessing the association
between time and the variables measured, as well the
similarity in species composition between monitoring
dates. The results will help us to define if the artificial
reef system of the niche-type NTAR (AATN in Spanish),
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once installed on the seabed, provides an alternative substrate for the development of a community, whose community structure might present an ecological process.
This objective will be achieved by monitoring the colonisation process of sessile and mobile organisms that settle in artificial structures over a period of 99 weeks (22
months).

Materials and methods
Description of a niche-type artificial reef (NTAR) and the
study site

The NTAR is an almost pyramid structure with a height
to width measurement of 90–160 cm composed of 42
cavities and made from high resistance marine concrete
(Fig. 1). The design was created to favour settlement of
coastal fish species and benthic resources (Toledo et al.
2017). Nine of these structures were sunk randomly in
order to form a niche artificial reef system (Fig. 2). They
were submerged in September 2016 at depths of 16 ±
1.5 m in an Area of Benthic Resource Management and
Exploitation, AMERB-Lebu, in the Region of Bio Bio in
Chile.
Data collection

The focus used in the study was on non-invasive data
collection, involving taking undersea photographs and
video recordings. The aim is to avoid altering the natural
development process of the community of invertebrates
and macroalgae in the niche artificial system, thus decreasing the availability of food. However, the potential
limitations of this method can lead to difficulty in recognising species taxonomy and low image quality due to
the constant high level of turbidity in the area. As a result, it is possible to under or overestimate population
levels and coverage, with little probability of recording
smaller species or ones with more hidden habitats. Due
to these limitations, the benthic organisms settled on the
niche artificial system were studied on seven occasions,

Fig. 1 Design of the niche-type artificial reef—NTAR (AATN
in Spanish)
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Fig. 2 Scheme of the location of the niche-type artificial reef—NTAR system: arrangement and approximated distances

from December 2016 to August 2018. The data gathering was carried out by undersea video recording in
movement, between the structures, in order to capture
the highest number of motile and sessile benthic organisms living on the NTAR. The video files were then
reviewed in the laboratory, with the help of available literature on the study area and the key taxonomies
(Zúñiga 2002a, Zúñiga 2002b, Tapia 2002, Zagal & Hermosilla 2007).
The undersea filming consisted of placing 18 points at
random over the NTAR and photographing the point
using the photo-quadrat method (Foster et al. 1991) with
a quadrat of 40 × 40 cm around a GoPro Hero Black
Adventure digital camera. For cases in which it was not
possible to photograph all the quadrats, they were removed from the recording. Each photo was analysed
using the software Coral Point Count with excel extensions. Percentage coverage was quantified by projecting
100 points uniformly on each photo and assigning a
value of 1% to each sessile organism present at a single
point. In order to quantify abundance, the total number
of individuals was counted in each quadrat.

(1949). Kendall’s Tau correlation analysis was conducted
to explore the correlation between time, species abundance and the ecological indices (Kendall 1955). In order
to avoid underestimation of fractional average values, all
data values were multiplied by a factor to make them
whole numbers, maintaining their proportion. Calculations of the ecological indices were carried out in the
Past software, version 3.15.
In order to compare the similarity of the species settled on the niche artificial system over the seven monitoring sessions, multivariate analysis was conducted
using the Primer-E 5 version 5.2.9 program. The coverage and abundance information were treated separately.
To visualise the spatial changes in species composition
between monitoring dates, non-metric multidimensional
scaling (NMDS) was applied using the Bray-Curtis index,
transforming the abundance data with log(x + 1). Oneway ANOSIM was used to test for significant changes in
the structure of the community over time. The proportions of each taxonomic group in the differences in community structure over time were analysed using the
SIMPER test.

Data analysis—description of ecological succession

Results
Three months after submersion of the structures, a large
area of bare substrate was still observable. The organisms that could be identified were Balanus sp. barnacles,
presenting a type r colonisation strategy, and the polychaete Phragmatopoma virgini with mean coverage of
56.20% and 3.54%, respectively. The presence of biofilm
was also seen at this first monitoring date, with a mean
coverage of 36.41% (Table 1). Motile organisms were not
seen within the quadrats.

The percentages were transformed with the arcsine
function to stabilise the variance. Confidence intervals of
95% for coverage and abundance data were calculated
using the Student t test, based on the method described
by Zar 1999. Ecological indices were estimated using the
average coverage data over the monitoring time: Shannon diversity index H’ (Shannon 1948); Margalef species
richness index, d (Margalef 1958); Pielou’s uniformity
index, J (Pielou 1975) and Simpson’s dominance index
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Table 1 Mean coverage and confidence intervals (CI) at 95% for sessile organisms present on the niche artificial reefs
Organism coverage (%)
Biofilm

Indet
Hydrozoa

Balanus sp.

Callophyllis sp. Lithothamnion
sp.

Indet
Indet
Phragmatopoma
Demospongiae 1 Demospongiae 2 virgini

Monitoring χ ± SD
(IC 95%)

χ ± SD
(CI 95%)

χ ± SD
(CI 95%)

χ ± SD
(CI 95%)

χ ± SD
(CI 95%)

χ ± SD
(CI 95%)

χ ± SD
(CI 95%)

χ ± SD
(CI 95%)

1

36.41 ± 17.91
(17.41–57.94)

–

56.20 ± 21.75
(32.47-78.51)

–

–

–

–

3.54 ± 3.19
(1–7.56)

2

0.31 ± 0.07
(0.19–0.47)

24.08 ± 6.87
(13.83–36.12)

45.52 ± 5.11
(34.43–56.83)

10.94 ± 1.41
(7.52–14.91)

–

0.32 ± 0.04
(0.22–0.44)

0.36 ± 0.18
(0.15–0.65)

11.61 ± 3.06
(6.63–17.77)

3

0.29 ± 0.03
(0.21–0.39)

61.32 ± 1.79
(54.73–67.70)

11.67 ± 5.77
(5.11–20.45)

17.55 ± 3.39
(11.13–25.06)

0.29 ± 0.03
(0.21–0.40)

0.82 ± 0.95
(0.18–1.93)

0.37 ± 0.07
(0.23–0.54)

1.09 ± 1.24
(0.24–2.54)

4

–

57.63 ± 1.48
(51.59–63-55)

23.65 ± 3.75
(15.96–32.33)

12.59 ± 4.73
(6.30–20.66)

–

0.94 ± 0.87
(0.26–2.05)

–

0.33 ± 0.09
(0.18–0.53)

5

–

52.5 ± 2.47
(44.65–60.28)

33.69 ± 3.60
(25.06–42.91)

4.46 ± 3.13
(1.54–8.81)

0.80 ± 0.94
(0.17–1.88)

0.32 ± 0.07
(0.18–0.49)

0.43 ± 0.16
(0.21–0.73)

1.92 ± 1.41
(0.64–3.88)

6

–

44.92 ± 6.45
(32.52–57.64)

9.27 ± 2.97
(4.90–14.85)

37.55 ± 9.28
(23.46–52.81)

1.18 ± 1.01
(0.34–2.50)

0.39 ± 0.09
(0.22–0.61)

0.36 ± 0.05
(0.24–0.51)

0.41 ± 0.23
(0.16–0.77)

7

–

67.43 ± 2.51
(59.83–74.60)

2.85 ± 1.29
(1.27–5.04)

1.72 ± 3.53
(0.14–5.01)

2.74 ± 3.03
(0.63–6.29)

11.29 ± 2.61
(6.71–16.88)

–

5.04 ± 1.84
(2.50–8.40)

χ = mean, SD standard deviation, – = not observed

At 6 months, the availability of bare substrate had decreased dramatically, with new organisms seen settling
on the structures, in addition to the ones identified previously. The community was dominated again by Balanus sp., with mean coverage of 45.52%, a slight decrease
in comparison to the first monitoring. Phragmatopoma
virgini showed a small increase in coverage, reaching
11.61%. The new organisms identified were indeterminate hydrozoans, Callophyllis sp. of algae and two
sponges defined as indeterminate Demospongiae class 1
and 2. Of these the biggest impact was presented by the

hydrozoans, with coverage of 24.08% of the structure.
Biofilm decreased its coverage significantly, dropping to
less than 1% due to the increase of organisms colonising
the substrate (Table 1). During this second monitoring,
the presence of motile fauna was also observed, such as
individuals of the Argobuccinum sp., a predatory snail,
with an average density of 0.72 ind/0.16 m2, the sea stars
Meyenaster gelatinosus and Odontaster penicilatus, both
with low mean density of 0.06 ind/0.16 m2 (Table 2).
At 8 months, during the third monitoring session, the
most substantial changes were observed. This included

Table 2 Mean abundance and confidence intervals (CI) at 95% for motile organisms and ichthyofauna present on the niche artificial reefs
Organism density (ind/0.16 m2)
Cancer
edwardsii
Monitoring χ ± SD
(CI 95%)

Argobuccinum
sp.

Henricia
obesa

Meyenaster
gelatinosus

Tégula sp.

Concholepas
concholepas

Indet
decapodas

Odontaster
penicilatus

χ ± SD
(CI 95%)

χ ± SD
(CI 95%)

χ ± SD
(CI 95%)

χ ± SD
(CI 95%)

χ ± SD
(CI 95%)

χ ± SD
(CI 95%)

χ ± SD
(CI 95%)

1

–

–

–

–

–

–

–

–

2

–

0.72 ± 1.49
(− 0.37–1.81)

–

0.06 ± 0.24
(− 0.28–0.40)

–

–

–

0.06 ± 0.24
(− 0.62–0.73)

3

–

1.44 ± 1.69
(0.21–2.68)

–

–

–

–

–

–

4

–

0.39 ± 0.70
(− 0.12–0.90)

–

–

0.06 ± 0.24 –
(− 0.34–0.45)

–

–

5

0.06 ± 0.24
(− 0.06–0.17)

0.72 ± 1.18
(− 0.14–1.59)

–

–

0.17 ± 0.38 –
(− 0.48–0.81)

–

–

6

–

0.33 ± 0.59
(− 0.10–0.77)

–

0.06 ± 0.24
(− 0.28–0.40)

0.06 ± 0.24 0.11 ± 0.32
(− 0.34–0.45) (− 0.51–0.73)

0.06 ± 0.24
(− 0.45–0.56)

–

7

–

0.17 ± 0.51
(− 0.21–0.54)

0.22 ± 0.55 –
(− 0.44–0.88)

0.17 ± 0.38 –
(− 0.48–0.81)

–

–

χ = mean, SD standard deviation, – = not observed
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the abrupt drop in Balanus sp., going from coverage of
almost half the structure to only 11.67%, and being replaced by indeterminate hydrozoans, which now showed
coverage of 61.32%, almost threefold the level at the previous monitoring. Other organisms showed slight increases in mean coverage, except for the biofilm, which
continued to decrease. The algae Lithothamnion sp. was
also identified, with a coverage percentage of 0.29%
(Table 1). There was continued presence of Argobuccinum sp., with a slight increase in density to 1.44 ind/
0.16 m2, in addition to the arrival of representative of the
Actinopterygii class, with density of 0.06 ind/0.16 m2
(Table 2).
For the fourth monitoring date, at 10 months, the
community showed another change, with the disappearance of species such as Lithothamnion sp. and indeterminate Demospongiae. Indeterminate hydrozoans
continued to dominate the substrate, though their coverage fell slightly and that of Balanus sp. increased. There
were slight variations in other organisms, some increasing while others decreased their coverage (Table 1). As
of this monitoring, the biofilm had disappeared completely from the substrate (Table 1). For the motile organisms, in addition to the presence of Argobuccinum
sp. (whose density fell somewhat), there was a new arrival of Tegula sp. snail, with a low density of 0.06 ind/
0.16 m2 (Table 2).
Twenty days later, the fifth monitoring session was
conducted. It was seen that the Balanus sp. and the indeterminate hydrozoans were competing directly for
available substrate, and that the barnacle had slightly increased its coverage, while the coverage of hydrozoans
had decreased by a similar proportion (Table 1). There
was a return of organisms that had disappeared from the
previous monitoring, with a higher coverage percentage
than when last seen. There was a slight increase in the
diversity of motile fauna. Argobuccinum sp. continued to
dominate this category with a mean density of 0.72 ind/
0.16 m2, Tégula sp. increased slightly to 0.17 ind/0.16
m2, while a new organism was seen, representing the
crustaceans, Cancer edwardsii, with a mean density of
0.06 ind/0.16 m2 (Table 2).
During the sixth monitoring session, 15 months after
installation of the NTAR, the dynamics of the community continued to vary. The indeterminate hydrozoans
remained the dominant organism, with their direct competitor, Balanus sp., seeing a drastic decrease in coverage, reaching only 9.27%, while Callophyllis sp.
significantly increased coverage, reaching almost 40%
(Table 1). The other organisms saw only small fluctuations in coverage. Though it saw a decrease in density,
Argobuccinum sp. remained the dominant organism in
the motile fauna category, with 0.33 ind/0.16 m2. This
was followed by Concholepas concholepas with a mean
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density of 0.11 ind/0.16 m2, while Meyenaster gelatinosus, Tégula sp. and indeterminate decapods all showed
densities around 0.06 ind/0.16 m2 (Table 2).
Finally, at the seventh monitoring at 99th week, the
community remained dominated by indeterminate
hydrozoan species, with a considerable increase in coverage, reaching almost 70%, while Balanus sp. and Callophyllis sp., their direct competitors, fell to less than 3%
and 2%, respectively. A significant increase was seen in
Demospongiae 1, which had remained below 1% at all
other monitoring dates, and on this occasion rose to
11.29% (Table 1). In the category of motile fauna, the
presence of Argobuccinum sp. fell, averaging a density of
0.17 ind/0.16 m2, as did the density of Tégula sp., leaving
the sea star Henricia obesa as the dominant organism,
with a density slightly above 0.22 ind/0.16 m2, though it
was only seen during this last monitoring session.
The results of the analysis of the ecological indices
(H’, J, d and D) show that the community has a low
level of diversity (Fig. 3), with a temporary increase in
the second monitoring session, which in turn coincides
with the multivariate analysis (Fig. 4 and Table 3).
Here, the ecological succession is divided into three
stages, the second stage of which begins with monitoring 2, with the arrival of new organisms to the system.
The Shannon and Pielou indices (Fig. 3 a and b) show a
constant level in diversity over time, excluding the increase at monitoring session 2, which is not significant
as the level of diversity remains below what is considered high for both indices. It can also be seen that the
Margalef index increases with immersion time (Fig. 3c),
showing that the highest level of richness is seen in the
last monitoring session. Simpson’s dominance index
shows a decline in the second monitoring (Fig. 3d),
when new organisms being to settle on the structure
(Table 1) and a further increase in dominance in the
third monitoring due to the presence of indeterminate
hydrozoans, as mentioned in the description of ecological succession.
According to the multidimensional scaling analysis of
organism coverage over the 99 weeks of monitoring, the
succession process is comprised of 3 phases: phase 1 is
the first monitoring session 3 months after the NTAR
was installed, phase 2 covers the second to the sixth
monitoring dates and phase 3 is the last monitoring session at 99 weeks (Fig. 3). There are data in phase 2 that
correspond to phase 3, since the places where the random sampling was carried out showed conditions similar
to those of phase 2. The ANOSIM for the three phases
shows that the community structure is significantly affected (ANOSIM R = 0.72, p = 0.0001) by immersion
time. The coupled analysis indicates that there are significant differences between phases 1, 2 and 3 (Table 3),
while the SIMPER analysis shows that the highest
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Fig. 3 Variations in diversity (Shannon’s diversity (a), Pielou’s
uniformity (b), Margalef’s richness (c) and Simpson’s dominance
index (d)) for benthic biota associated with the niche artificial reef,
over 99 weeks (22 months) monitoring period

contribution to dissimilarity between the three phases
results mainly from the indeterminate hydrozoans and
the Balanus sp., followed by the biofilm and Callophyllis
sp. (Table 3). According to Kendall’s Tau correlation
(Table 4), the strongest correlation is seen between species richness (d) and abundance (N), in indirect proportion, suggesting that the higher the richness, the lower
the abundance, and vice versa. Other variable pairs with
strong correlations were time/diversity, time/uniformity,
abundance/diversity and abundance/uniformity, though
these all maintain a direct correlation, unlike the first
example.

Discussion
At the first monitoring session carried out 3 months
after submersion of the niche artificial reef, large
amounts of substrate remained available, with only a fine
layer of microorganisms, known as biofilm or microfouling. This is common to the first stage in the colonisation
process (Balqadi et al. 2018). Biofilm is composed mainly
of diatoms and bacteria, surrounded by a matrix of natural polymers secreted by these organisms, to which several different microbes, fungi, algae and detritus also
adhere (Salta et al. 2013, Liu et al. 2017). It is expected
that these should be the first microorganisms to appear
on bare marine substrate, as several researchers have reported this type of colonisation (Lozano-Cortés &
Zapata 2014, Sweet et al. 2011, Keough 1998). The presence of the biofilm layer remained until the eighth
month after installation. Its presence during this early
stage might induce the settlement of benthic invertebrates and algal spores (Siboni et al. 2007), even determining through specific chemical signals, and what type
of invertebrate larvae adhere to the substrate (Freckelton
et al. 2017).
According to our results, one of the first colonising
species was the barnacle Balanus sp., which dominated
for the first 6 months. Its early appearance in the succession of benthic communities and its tendency to dominate the space have been reported previously for artificial
structures (Genzano et al. 2018, Lozano-Cortés & Zapata
2014, Henschel et al. 1990, Brown & Swearingen 1998).
Birkeland (1977) proposes that this behaviour of barnacles is related to their type r life strategy, which is due to
their small size, rapid reproduction, early sexual maturity
and short generations.
Macroalgae of the Rhodophyta group were also found
among the colonising species, which has been observed
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Stress: 0,14

Fig. 4 Community structure in the niche artificial reefs: non-parametric multidimensional scaling of the coverage (arcsine transform), based on
the Bray-Curtis similarity index and the log(x + 1) transform, over the 100 weeks monitoring period. Δ = first monitoring session, ◊ = second to
sixth monitoring sessions and □ = seventh monitoring. Stress = 0.14

Table 3 Similarity analysis and percentage contribution of
dissimilarity in the community structure based on organism
coverage on the niche artificial reef. Phase 1 = 13 weeks, phase
2 = 15 to 67 weeks, phase 3 = 68 to 99 weeks (22 months after
installation of the NTAR)
Analysis
ANOSIM
R values
Phase 1–
phase 2

Phase 1–
phase 3

Phase 2–
phase 3

0.8934

0. 9542

0. 5022

Table 4 Correlation between time, abundance and the
ecological indices for the coverage of benthic species

p value = 0.0001
SIMPER

Kendall τ correlation

% contribution

Indet. hydrozoans

previously on artificial substrates in Chilean waters by
Pacheco et al. (2011), who saw small sporophytes of the
red alga Rhodymenia corallina in submerged artificial
panels after 3 months and up to the end of the research
at 27 months. These researchers also found that the
main invertebrate species and algae on their artificial
substrate were similar to those present in the natural environment. It is therefore possible to posit that the
Rhodophyta algae found on our niche artificial reef are
those identified in the forest of red algae in a nearby natural community, i.e. Callophyllis variegata, Rhodymenia
sp. and/or Sarcothalia crispata (Vergara et al. 2016).
Regarding the drop in Balanus sp., it should be noted
that when counting this taxon, any evidence of the presence of barnacles was included. These traces of barnacles included large whiteish areas of Balanus sp., which

τ (tau)

Phase 1–
phase 2

Phase 1–
phase 3

Phase 2–
phase 3

29.61

31.60

17.16

Time
− 0.35

Time

N

H’

d

J

D

0.27

0.88

0.22

0.88

0.65

0.87

0.002

0.87

0.64

Biofilm

24.70

20.58

0.12

N

Balanus sp.

22.21

24.89

23.55

H’

0.05

− 0.05

0.39

− 0.97

14.55

2.69

21.52

d

Phragmatopoma virgini 6.801

6.19

11.28

J

0.05

− 0.05

D

− 0.14

− 0.15

Callophyllis sp.

Indet. Demospongiae 2 0.93

10.17

18.07

Lithothamnion sp.

3.88

7.69

0.82

Indet. Demospongiae 1 0.38

0

0.59

0.76
0.76

0.00

0.01

0.76

0.76

0.10
− 0.81

0.10

0.01
− 0.81

p value = 0.005
τ (tau) Kendall coefficient of correlation, N abundance, d Margalef’s index, H’
Shannon’s index, J Pielou’s index, D Simpson’s index
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coincided with the arrival of adult individuals of the
gastropod C. concholepas. In this stage in its lifecycle,
this species shows a notable preference for feeding on
invertebrates of the species Balanus flosculus, Balanus
laevis and Pyura chilensis (Castilla et al. 1979), suggesting that the Balanus sp. were likely preyed upon by C.
concholepas. Whiteish areas were also seen, though to a
lesser extent, during the monitoring sessions at 8 and
8.5 months, which may be due to opportunist predatory
species such as Argobuccinum sp. and M. gellatinosus
(Avila et al. 2012).
Based on the composition of the benthic community,
three phases were observed in the succession process
corresponding to early colonisation (Carter & Prekel
2008). This situation was also found in the research by
Choi et al. (2019) into alga succession. The analysis of
organism coverage gave more clarity to this identification; however, the abundance data did not agree with
these results, as it showed significant similarity in its
structure and composition during the period. This is because the coverage information corresponds to sessile
biota and the abundance information is for motile biota.
The results show that during the study period, the organism number of each species varied, i.e. it increased or
decreased at each monitoring, while the structure and
composition of the community remained similar for all
monitoring dates. This is common with new substrates
that are beginning a colonisation process from scratch
(Martell et al. 2018, Lozano-Cortés & Zapata 2014, Carter & Prekel 2008, Beserra et al. 2006, Perkol-Finkel &
Benayahu 2005, Dean & Connell 1987a).
The sessile biota on the NTAR are the first organisms
to settle on the available substrate and they perform the
function of increasing the complexity of the habitat, offering refuge and food for the fauna that subsequently
colonise the structure and whose presence responds to
these factors (Antoniadou et al. 2011, Antoniadou et al.
2010, Dean & Connell 1987b). It is expected that as the
niche artificial system spends more time on the sea floor,
the changes induced by the development of sessile biota
will offer a better habitat and lead to greater abundance
of motile fauna, favouring maturity of the ecosystem, as
seen in other studies (Xu et al. 2019, Higgins et al. 2019,
Fariñas-Franco & Roberts 2014, Antoniadou et al. 2010,
Dean & Connell 1987b). It can also be assumed that the
presence of the later will be used to identify more clearly
a succession pattern that correlates with the coverage of
sessile organisms.
The niche-type artificial reef (AATN) was seen to be
functional in terms of acting as an alternative substrate
for the settlement of benthic invertebrates; this can be
seen in the fact that over the 22-month monitoring
period, the presence of both sessile and motile communities was found on the structures. A similar

Page 8 of 10

performance has been seen with other cement structures
installed on the sea floor (Spagnolo et al. 2014, Andersson et al. 2009). Regarding the level of ecological succession, the niche system had not reached full maturity
after almost 100 weeks (22 months); however, thanks to
the video recordings it was possible to identify the presence of some fishing resources. Despite the low number
of species seen on the niche artificial reef, some of them
are resources of economic interest to small-scale fishing.
These include the Chilean abalone C. concholepas, palo
palo snails Argobuccinum sp., the crab Cancer sp., the
alga Carola Callophyllis sp., kelp crab Taliepus sp., Chilean stone crab Homalaspis plana and the rock prawn
Rhynchocinetes typus (National Fisheries and Aquaculture Service 2017).

Conclusions
The presence of the resources observed in the succession process suggests that the artificial reef of the niche
type, once installed on the seabed, provides an alternative substrate for the development of a community of
benthic organisms. It is expected that, in the medium
term, their populations will increase as available food
sources increase, thus fulfilling the expectation of the
new technology that is niche artificial reefs. It is possible
that such reefs will become a promising option for increasing fishing resources in areas weakened by overfishing or areas of small-scale fishing, favouring a return to
activities linked to small-scale aquaculture. Thus, the
NTAR structures may be used to recover and repair
habitats damaged by anthropogenic intervention and
also by climate changes.
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