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A B S T R A C T

Non-indigenous species (NIS) are prominent constituents of fouling communities. NIS can cause biodiversity loss
and change community structure through the local elimination of native species. Ports are the main focus of NIS
and artificial structures are becoming spots of introduction. Community composition can vary with depth and
time. In this context, this work aimed to assess substrate (concrete and wood), vertical position (near-surface and
near-bottom) and month variations on the abundance of fouling invertebrates' assemblages represented by na-
tive, NIS and cryptogenic species within the Mar del Plata port, Argentina. Monthly subtidal samples were taken
scraping from fouling assemblages on substrates and vertical position in the port. Assemblages on substrate,
depth and time showed similar species composition patterns. Native, NIS and cryptogenic species vary in mean
abundances on each substrate, depth and month. Diversity indices on concrete and on near-bottom revealed
higher values. High species specific response of NIS (compared to native), found in this study along the temporal
fluctuations in fouling communities was registered. A long term monitoring and future studies might consider
including more substrates type and an intermediate depth, since they will provide better knowledge about the
fouling invasions.

1. Introduction

Non-indigenous species (NIS) are considered as one of the causes of
biodiversity loss after habitat destruction, even exceeding the en-
vironmental problems caused by pollution and overfishing (Carlton,
1996; Rilov and Galil, 2009). Almost all regions of the world's oceans
have experienced the introduction of NIS (Orensanz et al., 2002;
Leppäkoski et al., 2002; Robinson et al., 2005; Smith et al., 2011). They
are known to change community structure through the local elimina-
tion of native species and are among the greatest threats to marine
ecosystems (Ruiz et al., 2000; Ruiz et al., 1997; Grosholz et al., 2000;
Carlton, 2001; Stachowicz et al., 2002; Stachowicz et al., 1999;
Ranasinghe et al., 2005). Ports are the main sites of introduction of NIS
(Carlton et al., 1993; Ruiz and Carlton, 2003; Schwindt et al., 2014) a
variety of vectors identified for the introduction of marine invasive
species to ports around the world has been through fauna and algae
attached to the ship's hull (fouling), the discharge of ballast water and
sea chest (intake chambers in vessel hulls) (Gollasch, 2002; Godwin,
2003; Hewitt et al., 2004; Coutts and Dodgshun, 2007).

Since 1970 there has been a notable increase in recorded NIS with

port environments becoming the main focus of invasion (Carlton, 1981;
Ruiz et al., 1997; Hewitt, 2002; Leppäkoski et al., 2002). At the same
time, coastal marine habitats in many places are becoming increasingly
urbanized and consequently new structures with hard surfaces are ap-
pearing in locations where none existed before (Ruiz et al., 1997;
Bacchiocchi and Airoldi, 2003). Since space is an especially limiting
resource for epibenthic marine organisms (Jackson, 1977; Russ, 1982),
new surfaces in the form of artificial structures could allow an increase
in the recruitment of early successional species. It is suggested that the
creation of new marine habitats by urbanization not only increases the
diversity of habitats, but also stimulates an increase in biodiversity
(Rebele, 1994). The type of surface (e.g. wooden piles), size or shape
(e.g. pontoons and concrete piles) (Connell and Glasby, 1999) might
affect the composition, abundance, richness (number of species) and
diversity of fouling assemblages of NIS and native organisms in these
environments. These new surfaces are normally associated with ship-
ping and aquaculture, which are often also linked to the transfer of
marine NIS (Carlton, 1996; Hewitt et al., 2004). The NIS are reported as
rapid colonizers on most surfaces (Byers, 2002; Alpert, 2006;
Gittenberger and van der Stelt, 2011), and may therefore out-compete
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with native species for resources (Byers, 2002), resulting in a re-
structuring of the established food web (Levine, 2000; Byers, 2002).

Vertical zonation has been recorded in several marine subtidal
communities around the world. The main feature of vertical zonation is
the arrangement of communities in belts with distinctive species com-
positions and dominance. Community changes with depth concern not
only the composition, but also the organization of the communities
(Garrabou et al., 2002).

In the Southwest Atlantic, Orensanz et al. (2002) provided a com-
prehensive review of marine NIS and cryptogenic species. In Argentina,
the most vulnerable ports to the introduction of NIS are those with a
major intercontinental and local transport (e.g. Buenos Aires, San An-
tonio Este, Puerto Madryn, Comodoro Rivadavia and Ushuaia). Trans-
oceanic freighters with large volumes of ballast water and organisms (in
all their life stages) present on the sea chest or attached to their hulls
can seed new species into these ports from origins often thousands of
km away (Boltovskoy et al., 2011). The marine fouling invasions in
ports of Patagonia (Argentina) were recently surveyed by Schwindt
et al. (2014). In the Mar del Plata port, early studies on fouling com-
munities date from the 1960´s (Bastida, 1968; Bastida, 1972; Bastida
and Torti, 1972; Stupak et al., 1980; Pezzani et al., 1992), however,
none of these studied the effects of artificial structures, such as concrete
wall and wooden pilings, the importance of depth and time fluctuation
on the abundance of invertebrates assemblages, or providing new set-
tlement sites for NIS and cryptogenic species as has been well docu-
mented in other port areas (Minchin, 2007; Neves et al., 2007; Ruiz
et al., 2009).

The goal of this study was to asses three factors: substrate (concrete
and wood), vertical position (near-surface and near-bottom) and month
variations on the abundance of fouling invertebrates' assemblages re-
presented by native, NIS and cryptogenic species within the Mar del
Plata port, Argentina. More precisely, we evaluated differences in the
averages of diversity, species richness, evenness, abundance and com-
munity composition on two substrates, two depths and twelve months.
The working hypothesis is that assemblages on substrate, depths and
month will differ in their diversity indices and abundance. Native, NIS
and cryptogenic species will differ in their species-specific responses on
each substrate, depth and month.

2. Material and method

2.1. Study area

The Mar del Plata port (Argentina) (38° 02′ S - 57° 31′ 30” W), is a
relatively small facility (1.4 Km2) built in 1922 and is a semi-enclosed
area, protected by two artificial breakwaters (North and South) that
delimit the mouth (Fig. 1). The North Breakwater is located in an area
closer to the mouth of the port, approximately 300-m wide, with
greater maximum depth (8m). The yacht club the “Club Naútico Mar
del Plata” is set in an intermediate zone (4m maximum depth), semi-
closed and with a higher concentration of recreational boats. The
average salinity is no<32 psu, indicating a marine environment
(Schwindt et al., 2010). In the whole port the mean water depth is 5m,
ranging between 3 and 12m. A navigational channel is maintained to a
depth of 10m. Mean monthly water temperature ranges from 9.3 °C in
July (winter) to 20.9 °C in February (summer) (http://www.hidro.gov.
ar/ceado/Ef/Mdp.asp). High levels of total hydrocarbons, polycyclic
aromatic hydrocarbons (PAHs), copper and tributyltin) have been
found in the docks, as well as, high water turbidity, low pH and high
levels of organic matter from industrial and sewage effluents
(Penchaszadeh et al., 2001; Goldberg et al., 2004; Albano et al., 2013;
Laitano et al., 2015). Silty-clay sediments of the inner sector, with
higher levels of organic matter and phytopigments, are dominated by
opportunistic nematodes and Capitella sp., usually associated world-
wide to polluted habitats. Despite the evidence of local pollution in
sediment (Rivero et al., 2005; Albano et al., 2013), in the recreational

area the breakwater and marinas are covered by a high abundance and
richness of fouling species (Albano and Obenat, 2009).

2.2. Field sampling and laboratories procedure

Subtidal samples were taken from two different artificial substrates,
the vertical concrete wall to the North Breakwater and wood piles from
yacht club. Replicates were obtained monthly at high tide on the inner
side of the North Breakwater from April 2007 to March 2008, except for
October, using SCUBA (Fig. 1). In order to determine differences in the
fouling community composition a stratified sampling at 2 different
vertical positions or depths was used: 1m from surface (hereafter “near-
surface”) and 8m from surface (“near-bottom”). At each months and
depth three independent replicates (N=3) were obtained using an
epibenthic net (mesh 0.5mm) galvanized wire frame 25×25 cm
(0.0625m2) and with metal spatula. All samples were taken 2m from
each other. Fouling assemblages targeted were those which were at-
tached to the concrete wall. For each independent sample, they were
washed in a 0.5 mm mesh sieve and subsequently fixed using 70%
ethanol. Fouling invertebrates retained by the sieve were separated and
identified at the lowest taxonomic level possible with keys and con-
sulting local taxonomic experts. The taxonomic nomenclature of all
identified species was verified using the World Register of Marine
Species (WoRMS, 2017). However, Nematoda, Sipuncula, Echiurida,
Pycnogonida could not be identified to species level due to the lack of
qualified taxonomists, and so were considered one species each in the
comparison of community similarity.

Sampling at the marinas of the yacht club (Fig. 1) was performed
from April 2007 to March 2008. Samples were collected monthly by
SCUBA diving at a depth of 1–3m and also a stratified sampling was
used at 2 different vertical positions or depths: 1 m from surface (“near-
surface”) and 4m from surface (“near-bottom”). Each month, 3 in-
dependent replicates from each depth were collected at random (fol-
lowing the epibenthic net sampling method described above) from
different vertical wooden piles. Sample analysis was carried out in the
same manner as described for the concrete wall samples.

Samples were analyzed under binocular microscope to estimate
abundance (ind. m-2) of mobile and solitary sessile organisms. Colonial
organisms were also collected and identified, but are not dealt with in
the present study. Algae were excluded from the present study too.

2.3. Detection of fouling species status (natives, NIS and cryptogenic)

In this study we categorized the species status following Carlton
(1996) as: native (that is, indigenous or endemic taxa, including pre-
historical invasion), NIS (that is, historical invasions and human-
mediated introduction, whereas natural range expansion was not taking
into account as introduction see (Ojaveer et al., 2014)) and cryptogenic
(crypt-, Greek, Kryptos, secret; −genic, Latin, genic, origin) as species
that is not demonstrably native or NIS. To establish the status we
consider literature search for historical records of the species, their
geographical range and records of introductions in other localities.
Even species restricted to the Atlantic, but well known to colonize ar-
tificial substrata or often found in ports were classified as cryptogenic.

2.4. Statistical analysis

2.4.1. Community composition
Multivariate analysis (Bray–Curtis similarity index, square root

transformation and the resemblance matrix) was used with fouling
abundance data using PRIMER version 6.1 (Clarke and Warwick, 1994;
Clarke and Gorley, 2006). Similarity percentage procedure (SIMPER)
was performed to establish the percent dissimilarity of fouling com-
munity composition (natives, NIS and cryptogenic) among substrate,
vertical position and month, 0% indicates no difference and 100%
maximum difference (Clarke and Warwick, 1994). SIMPER was also
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used to determine which taxa were primary contributors to the differ-
ences in fouling community at each substrate, vertical position and
month during the study period. Lists of species were truncated when
contribution percentage do not exceeded 9%.

2.5. Fouling assemblages

A three-factor permutational multivariate analysis of variance
(PERMANOVA) was used to test the effect of substrate, vertical position
and month on the abundance of fouling invertebrates, with substrate
and vertical position as fixed factors; and month as random factor. This
was done with PRIMER v6.0 with the PERMANOVA+ add-on
(PRIMER-E Ltd., Plymouth, UK). The data were square root trans-
formed, and a resemblance matrix was created using Bray–Curtis si-
milarity. The PERMDISP function was used to test for homogeneity of
multivariate dispersions between groups (Anderson, 2001). A sig-
nificant result for PERMDISP indicates that a PERMANOVA result is
influenced by the dispersion within groups as well as the distance be-
tween them. A significant PERMDISP result should be interpreted with
caution, as the magnitude of the difference between groups (i.e. sub-
strate or vertical position) can be due to both their influence on the
fouling community, as well as differences in the variability of the
within-group communities. Principal coordinate ordinations (PCO)
were used to visualize the similarities or dissimilarities between

substrate, vertical position and month. To better visualize trends, vector
lines for species (natives, NIS and cryptogenic) with a Pearson corre-
lation>0.5 were overlaid on the PCO to show their correlation with
various treatments.

2.6. Diversity measures and total abundance

Of each sampling unit and taking into account the whole fouling
community (natives, NIS and cryptogenic) mean Shannon–Wiener di-
versity index (H´, log2), species richness (S, total number of species)
Pielou evenness (J′, H´/HMAX) and total abundance (ind. m-2) were
calculated by DIVERSE routine of the PRIMER package (Clarke and
Gorley, 2006). A univariate PERMANOVA was performed to test the
effect of substrate, vertical position and month on these measures. A
Euclidean distance resemblance matrix was used. The PERMDISP
function was used to determine if the differences in dispersion between
groups occurred. A pairwise test was used to examine differences
among groups.

2.7. Species-specific response to substrates, vertical position and month

For each species status the species-specific responses to substrate,
vertical position and months were surveyed using univariate PERMA-
NOVA with substrate and vertical position as fixed factors; and month

Fig. 1. Map of the Mar del Plata port, Argentina, showing sampling sites.
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as random factor. PERMANOVA is designed in a way that it is applic-
able to non-parametric univariate analysis (Anderson, 2001). Data were
square root transformed and a Euclidean distance resemblance matrix
used. The PERMDISP function was used to determine whether differ-
ences in dispersion between groups occurred. A pairwise test was done
on the single species data to interpret significant treatment effects for
each species.

3. Results

3.1. Community composition

The total number of fouling taxa recorded throughout this study was
78, when concrete had the greatest number of taxa (77) meanwhile
wood had 55, (Table 1) of which 52 were clearly identified to the
species level. The status of these species were: 30 native (57.7%), 17

NIS (32.7%) and 5 cryptogenic (9.6%) (Table 2). Between natives were,
10 crustaceans (33.3%), 10mollusks (33.3%), 3 polycladids (10.0%), 2
cnidarian (6.6%), 2 polychaetes (6.6%), 1 nemertean (3.3%), 1 echi-
noderm (3.3%) and 1 vertebrata (3.3%). Considering NIS, 9 crustaceans
(52.94%), 4 tunicates (23.52%), 3 polychaetes (1.64%) and 1 cnidarian
(5.88%), whereas cryptogenic species comprised 2 crustaceans (40%), 2
polychaetes (40%), 1 tunicate (20%). New record of alien species in-
cludes the serpulid polychaete Hydroides dianthus.

The fouling community on concrete substrate was dominated by
native species; meanwhile on wood the number of species was very
similar between natives and NIS. On concrete a total of 48 species were
recorded: 29 native (60.4%), 14 NIS (29.2%) and 5 cryptogenic
(10.4%). On wood, fouling from a total of 39 species recorded 17 were
native (43.6%), 17 NIS (43.6%) and 5 cryptogenic (12.8%). Results in
different vertical position on concrete wall near-surface showed that
had a slightly higher number of total species recorded (39): 23 native
(58.9%), 13 NIS (33.3%) and 3 cryptogenic (7.6%) species. On the near-
bottom, 37 species were register: 20 native (54.0%), 13 NIS (35.1%)
and 4 cryptogenic (10.8%). On wood piles at the near-surface, 34
species were recorded 15 native (44.1%), 15 NIS (44.1%) and 4 cryp-
togenic (11.7%). On the near-bottom 37 species were recorded 17 na-
tive (45.9%), 16 NIS (43.2%) and 4 cryptogenic (10.8%).

SIMPER analyses showed the average dissimilarity between sub-
strates was 79.24%. Also between vertical positions (considering each
substrate), concrete near-surface vs. concrete near-bottom 75.05% and
wood near-surface vs. wood near-bottom 74.44%. Taking into account
months the average dissimilarities ranges from 55.69% (January vs
March) to 86.22% (February vs. July). The major contributors to the
average dissimilarities between substrate and vertical position was the
NIS amphipod Monocorophium acherusicum; between months were M.
acherusicum and the serpulid polychaete Hydroides elegans.

3.2. Fouling assemblages

The species composition of the fouling assemblages differed among
substrate, vertical position and month, all had significant interactions
among these three factors (Table 3). A principal coordinate analysis
plot (PCO) showed a separation between assemblages on concrete and
wood substrates (Fig. 2). Pearson correlations vectors indicate that all
species status were abundant on both substrates. Native species such as
the gastropod Turbonilla uruguayensis was abundant on concrete and the
Varunidae crab Cyrtograpsus altimanus on wood. The NIS like the or-
iental shrimp Palaemon macrodactylus, H. dianthus, M. acherusicum, and
the ascidians Ascidiella aspersa, Styela plicata and Ciona intestinalis they
were abundant on wood. The cryptogenic amphipod Caprella equilibra
was abundant on both substrates (Fig. 2).

On vertical position they differed too, taking into account both
substrates. PCO showed segregation between assemblages on near-
surface and near-bottom (Fig. 2). The correlation vectors show that
native T. uruguayensis, the NIS S. plicata and A. aspersa were abundant
on near-surface. The NIS P. macrodactylus, M. acherusicum, H. dianthus,
C. intestinalis and the native C. altimanus were abundant on near-
bottom. The cryptogenic C. equilibra was abundant on both vertical
positions (Fig. 2).

PCO showed segregation among assemblages on month (between
April 2007 and March 2008; Fig. 2). Pearson correlations vectors in-
dicate that native species C. altimanus and T. uruguayensis were abun-
dant on November and December (austral spring), respectively. The NIS
C. intestinalis, H. dianthus and S. plicata they were abundant in April and
in May (austral autumn), respectively. A. aspersa and P. macrodactylus
were abundant in September and November (spring), respectively. M.
acherusicum and the cryptogenic C. equilibra both were abundant in
February (austral summer) (Fig. 2).

Table 1
List of total taxa recorded in the Mar del Plata port.

Taxa

CNIDARIA Palaemon macrodactylus Rathbun, 1902
Tricnidactis errans Pires, 1988 Sphaeroma serratum (Fabricius, 1784)
Anthothoe chilensis (Lesson, 1830) Idotea sp.
Sagartia troglodytes (Price in Johnston,

1847)
Limnoria tripunctata Menzies, 1951

PLATYHELMINTES Balanus glandula Darwin, 1854
Phrikoceros mopsus (Marcus, 1952) Amphibalanus amphitrite (Darwin, 1854)
Thysanozoon brocchii (Risso, 1818) Pilumnoides hassleri Milne Edwards,

1880
Thysanozoon mirtae sp. nov. (Bulnes,

2011)
Pilumnus reticulatus Stimpson, 1860

Notoplana sp Halicarcinus planatus (Fabricius, 1775)
NEMERTEA Pachycheles laevidactylus Ortmann, 1892
Lineus bonaerensis Moretto, 1998 Cyrtograpsus altimanus Rathbun, 1914
NEMATODA sp. 1 Cyrtograpsus angulatus Dana, 1851
ANNELIDA Pelia rotunda Milne Edwards, 1875
Lumbrineris sp. Pyromaia tuberculata (Lockington, 1877)
Nephtyidae sp. 1 Joeropsis dubia Menzies, 1951
Syllidae sp1 Pycnogonida sp. 1
Hydroides elegans (Haswell, 1883) MOLLUSCA
Hydroides dianthus (Verrill, 1873) Siphonaria lessoni Blainville, 1824
Hydroides plateni (Kinberg, 1867) Brachidontes rodriguezii (d'Orbigny,

1846)
Ficopomatus enigmaticus Fauvel, 1923 Chaetopleura (Chaetopleura) angulata

(Spengler, 1797)
Pherusa sp. Entodesma sp.
Hesionidae sp. 1 Turbonilla uruguayensis Pilsbry, 1857
Questidae sp. 1 Fissurella sp.
Eunicidae sp. 1 Gasteropoda sp. 1
Terebellidae sp. 1 Epitonium georgettinum (Kiener1839)
Halosydnella australis Kinberg, 1856 Bostrycapulus odites Collin, 2005
Phyllodocidae sp. 1 Hiatella sp.
Cirratulidae sp. 1 Anachis isabellei (d'Orbigny, 1841)
Nereididae sp. 1 Columbella paessleri Strebel, 1905
Schistomeringos rudolphi (Delle Chiaje,

1828)
Eatoniella sp.

Spionidae sp. 1 Thecacera darwini Pruvot-Fol, 1950
Phyllochaetopterus socialis (Claparède,

1870)
Polycera marplatensis Franceschi, 1928

Orbiniidae sp. 1 Janolus sp.
SIPUNCULA sp1 ECHINODERMATA
ECHIURA sp. 1 Ophioplocus januarii (Lütken, 1856)
ARTHROPODA CHORDATA
Monocorophium acherusicum (Costa,

1857)
UROCHORDATA

Erichthonius punctatus (Bate, 1853) Ciona intestinalis (Linnaeus, 1767)
Jassa alonsoae Conlan, 1990 Styela plicata (Lesueur, 1823)
Caprella dilatata Krøyer, 1843 Ascidiella aspersa (Müller, 1776)
Caprella equilibra Say, 1818 Ascidia interrupta Heller, 1878
Leptocheliidae sp. 1 Molgula manhatensis (De Kay, 1843)
Tanais dulongii (Audouin, 1826) VERTEBRATA
Nauticaris magellanica (A. Milne

Edwards, 1891)
Hypleurochilus fissicornis (Quoy y
Gaimard, 1824)
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3.3. Diversity measures and total abundance

There were significant interactions between substrate and month for
mean species richness (S) and total abundance (Table 4). The pairwise
test showed that S, at different substrates x month, at concrete was
greater than wood and showed maximum values during May–June
(autumn), August, November–December (spring), while maximum
value for wood was observed in April (Fig. 3a). Total abundance re-
gistered a dissimilar pattern since, wood was statistically higher from
concrete and maximum value was in April and December (Fig. 3b).

Shannon diversity (H´), S and abundance showed significant inter-
actions when vertical position and month were combined (Table 4). The
pairwise test revealed that H´ and S in the near-bottom significantly
higher than near-surface. H´ maximum values showed for vertical po-
sition were in May, June and August (Fig. 4a) meanwhile Swas on near-
bottom from April to June. On the near-bottom were in May, June and
August (Fig. 4b). Evenness (J´) was greater in the bottom in May
(Fig. 4c). The total abundance showed that in the near-surface, highest
values were in April and March. The pattern observed, for both depths,
was that the rest months remain similar (Fig. 4d). Although there was a
difference in dispersion (PERMDISP<0.05) for species richness and
abundance, and this warrants caution interpreting the results above
mentioned.

3.4. Species-specific response to substrates

The results for the mean abundances showed an effect between
different substrates in 2 natives, 4 NIS and 1 cryptogenic species
(Table 5). The pairwise test showed that the natives C. altimanus and the
polychaete Halosydnella australis had higher average abundances on
wood. There was a difference in dispersion (PERMDISP< 0.05) for C.
altimanus and this warrants caution interpreting the results. Same pat-
tern was shown by NIS, since P. macrodactylus, H. dianthus, C. intestinalis
and S. plicata were greater on wood, although there was a difference in
dispersion (PERMDISP<0.05) for NIS and this warrants caution in-
terpreting the results. C. equilibra was the only cryptogenic species that
showed greater average abundance on concrete.

3.5. Species-specific response to vertical position

Four natives, 3 NIS and 1 cryptogenic species were statistically
different in mean abundance on vertical positions (Table 5). Among
natives, the solitary anemone Trinidactis errans was greater on surface,
C. altimanus in bottom, the mussel Brachidontes rodriguezii in surface
although there was a difference in dispersion (PERMDISP<0.05) for B.
rodriguezii and this warrants caution interpreting the results. The
average abundance of NIS such as: S. plicata, A. aspersa and Molgula
manhattensis showed a pattern with maximum values on bottom. For
cryptogenic species the tanaidacea Tanais dulongii was greater on sur-
face, while there was a difference in dispersion (PERMDISP<0.05) forTa
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. Table 3

Multivariate PERMANOVA analysis of the effect of substrate, vertical position,
month and interaction between the three factors.

Source df MS P (perm)

Substate 1 32,098 0.001
Vertical position 1 20,475 0.001
Month 11 8010 0.001
Substate X Vertical position 1 11,029 0.032
Substate X Month 10 5460.5 0.001
Vertical position X Month 11 3247.8 0.001
Substate X Vertical position X Month 8 3372.9 0.001
Residual 94 1492.4
Total 137

Not significant p > 0.05; significant 0.05 > p > 0.01; highly significant
p < 0.01, p-values were obtained using 999 permutations.
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Fig. 2. A principal coordinate analysis plot for the fouling assemblages found at different (a) substrate, (b) vertical position and (c) month. The vector lines show
species that were strongly correlated (Pearson correlation>0.5) to the three factors.
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T. dulongii this warrants caution interpreting the results.

3.6. Species-specific response to months

The monthly mean abundances variations showed differences in 5
native species (Table 5) and were represented by T. errans with higher
average abundances in April–May (fall), C. altimanus in April and June,
B. rodriguezii in December, H. plateni in April–May and June (fall) and
H. australis in September, November and December (spring). Also,
average abundance of 11 NIS were statistically different (Table 5) and
they were M, acherusicum with maximum values registered in April,
November–December, February–March (spring-summer), the am-
phipod Erichtonius punctatus in April and February, the isopod
Sphaeroma serratum in April–May (fall) and December, the barnacle
Balanus glandula in April–May (fall), September, November and De-
cember (spring), P. macrodactylus in October and November (spring), H.
elegans and H. dianthus both presented the same pattern with maximum
mean abundance in April–May (fall), June and October only for H.
dianthus, C. intestinalis in April–May-June (fall), January and March
(summer), S. plicata from April until December (fall, winter and spring),
A. aspersa and M. manhattensis from June until November–December
(winter and spring). Finally, 2 cryptogenic species showed differences
(Table 5) C. equilibra average abundance was higher in April and in
February–March summer, while T. dulongii were in November–De-
cember (spring).

4. Discussion

This paper is the first research work which focuses on fouling as-
semblages of native, NIS and cryptogenic species on substrate type,

depth and time in the Mar del Plata port. Substrate, depth and time
affected the fouling assemblages of native, NIS and cryptogenic.
Assemblages on substrate, depth and time show a similar species
composition patterns. Concrete and near-bottom has the highest
monthly diversity, species richness and abundance. All species status
varied in mean abundances on each substrate, depth and month.

The total taxa of invertebrates registered in this work were 78 and
52 were recorded to species level. Of the remaining 26 taxa were re-
cognized to phylum, family and genera (e.g. see Table 1; Sipuncula,
Hesionidae, Janolus sp.) so it is likely that natives, NIS and cryptogenic
species in the study area are underestimated. Nevertheless, we regis-
tered a new record of NIS which includes Hydroides dianthus. The
number of native, NIS and cryptogenic invertebrates found were higher
in relation to a Patagonian port (Rico and López Gappa, 2006; Rico
et al., 2010), also native and NIS were higher in comparison with a
Brazilian Bay (Neves et al., 2007). Considering only NIS they were
higher than in other ports of Patagonia (Schwindt et al., 2014).

In Mar del Plata port, the NIS amphipodMonocorophium acherusicum
was dominant at different substrate and vertical position. M. acher-
usicum and the polychaete Hydroides elegans, were dominant along
months and both belong to the fouling fauna in other regions of the
world (e.g. Hayes et al., 2005; Gollasch et al., 2009; Ruiz et al., 2011).
Artificial structures along the world's coastlines and ports are increas-
ingly (Glasby and Connell, 1999; Bulleri et al., 2005). On the other
hand, differences in the species composition of fouling communities on
different artificial substrates have long been recognized (Karlson, 1978;
Anderson and Underwood, 1994; Bulleri et al., 2005). Moreover, in
recent years, some studies have examined the importance of the species
status (native, NIS o cryptogenic) on different substrates (e.g. Neves
et al., 2007; Tyrrell and Byers, 2007; Tracy and Reyns, 2014).

In terms of species composition, the assemblages show a similar

Table 4
Univariate PERMANOVA analysis of mean Shannon diversity (H´, log2), species
richness (S), evenness (J′) and total abundance (ind. m-2) for substrate, vertical
position, month and interaction between the three factors.

H´, log2 S

Source df MS P(perm) df MS P(perm)

Substate 1 22.423 0.017 1 388.32 0.031
Vertical position 1 12.175 0.001 1 1072.2 0.002
Month 11 0.85561 0.001 11 56.237 0.004
Substate X Vertical

position
1 0.3688 0.61 1 171.19 0.2

Substate X Month 10 0.28704 0.177 10 65.571 0.001
Vertical position X Month 11 0.43668 0.015 11 51.615 0.004
Substate X Vertical

position X Month
8 13.053 0.941 8 95.938 0.129

Residual 94 0.20075 94 18.22
Total 137 137

J′ Abundance

Source df MS P(perm) df MS P(perm)

Substate 1 1.08E+02 0.17 1 1.33E+09 0.072
Vertical position 1 1.22E+02 0.096 1 12,302 0.599
Month 11 4.05E+02 0.001 11 1.28E+09 0.001
Substate X Vertical

position
1 5.84E-01 0.951 1 2864.2 0.783

Substate X Month 10 4.52E+01 0.12 10 35,470 0.003
Vertical position X

Month
11 4.38E+01 0.161 11 43,269 0.001

Substate X Vertical
position X
Month

8 1.62E+01 0.754 8 45,200 0.432

Residual 94 2.93E+01 94 12,030
Total 137 137

Not significant p > 0.05; significant 0.05 > p > 0.01; highly significant
p < 0.01, p-values were obtained using 999 permutations

Fig. 3. Mean (a) species richness and (b) total abundance at different substrates
x month, plotted with± SEs bars. Asterisks (*) indicate significantly differences
between concrete vs. wood and different letters indicate the average values of
indices that were significantly different for each substrate along months ac-
cording to pairwise test (p < 0.05). (On concrete October was not included in
due to the lack of replicates).
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pattern on substrate, depth and month. T. uruguayensis has been regis-
tered on the Uruguayan coast by (Scarabino et al., 2006). Nevertheless,
there are no previous studies done in order to know if this specie was
recorded in other artificial structures in port areas of the Southwestern
Atlantic. C. altimanus it is a very well-known grapsid belonging to the
fouling assembles in ports of the Argentine coast (e.g. see Bastida, 1968;
Bastida and Brankevich, 1982). Among the associated macrofauna with
fouling organisms was C. altimanus, an endemic decapod of the region
that is distributed from Rio Grande do Sul (Brazil) to Chubut Argentina
(Spivak, 1997). These crabs, small in size, inhabit the oceanic coasts
and invade the estuaries when there are suitable habitats such as hard
substrates to hide in (Spivak, 1997). The NIS such as Palaemon macro-
dactylus, Hydroides dianthus, M. acherusicum, Ascidiella aspersa, Styela
plicata and Ciona intestinalis, are well known to be global invaders.
Adults of P. macrodactylus were recorded by Spivak et al., (2006) among
wood piles and marinas in the Mar del Plata port. H. dianthus, C. in-
testinalis and the cryptogenic Caprella equilibra are registered in early
studies on the fouling assemblages in Mar del Plata, Puerto Madryn and
Puerto Belgrano ports by Bastida (1972) Actually, these species in ad-
dition to M. acherusicum, A. aspersa and S. plicata has been record in the
Mar del Plata port adhered to wooden docks (Rumbold et al., 2016;
Velazquez et al., 2017).

Despite the abundance of T. uruguayensis on near-surface, Roux and
Bremec (1996) found a different pattern on deeper (> 43m) areas off
Mar del Plata coast. Giberto et al. (2004) also found a similar pattern to
Roux and Bremec (1996), since they record T. uruguayensis as an in-
faunal species in a similar areas and depths. Dafforn et al. (2009) stu-
died the early development of fouling assemblages was compared on
settlement plates attached to fixed or moving experimental structures at
depths of 0.5m and 2m. They found the percentage of cover of S. pli-
cata also varied with depth and were greater on shallow than deep
frames. Tatián et al. (2010) deployed 15 settlement plates in six Pata-
gonians ports, in the subtidal zone at 2–3m depth during low tide, in
order to quantify the abundance of A. aspersa. The highest abundance
was found in Puerto Deseado port, with maximum values of colonized

plates (93%) and density (mean 3.6 individuals per plate). The native C.
altimanus and the NIS P. macrodactylus, M. acherusicum, H. dianthus, C.
intestinalis were abundant on near-bottom. The cryptogenic C. equilibra
was abundant on both vertical positions. In the Mar del Plata port, C.
altimanus and P. macrodactylus has been found on bottom among
fouling (Albano pers. obs.). C. equilibra it is found on near-surface in
two marinas, El Rompido (Huelva) and La Línea (Cádiz), Spain (Guerra-
García and Baeza-Rojano, 2015); as well as in Mar del Plata port
(Velazquez et al., 2017). Fouling communities in shallow waters can be
described as being fueled by photosynthetic organisms – many fouling
animals are suspension- and filter-feeders (e.g. barnacles, tunicates and
bivalve mollusks) which directly extract photosynthetic phytoplankton
or their zooplankton grazers from the water column (Kingsbury, 1981).
The availability of adequate supplies of microphagous food is crucial in
the growth and development of fouling assemblages. In shallow coastal
waters there is normally an adequate supply of food (Pérès, 1982).
Fouling assemblages show segregation throughout months. The abun-
dances of T. uruguayensis in the Argentine coast, there are no records so
far. Velazquez et al. (2017), they studied the population dynamics and
reproductive biology of Caprella dilatata and C. equilibra in order to
provide the basis for understanding the ecological role of both species
in Mar del Plata port. Caprellids and organisms from the fouling com-
munity were obtained by sampling in the port, monthly (from April
2014 to March 2015). They found a similar pattern, but in very low
mean abundance, of C. altimanus in November. C. intestinalis show the
same pattern with high abundances in April. S. plicata show very low
abundance but in the same season (autumn). A. aspersa reveal a dis-
similar pattern, with very low abundance in summer months. M.
acherusicum show, a dissimilar pattern, higher abundance in December
and the cryptogenic C. equilibra show the same pattern with higher
abundances in February. H. dianthus was record in abundances, during
the first studies on fouling organisms in Puerto Belgrano port, by
Bastida (1972) in fall and this agrees with the values found in this work
in Mar del Plata port. P. macrodactylus has been extensively recorded in
Mar del Plata port where a stable and dense population has been

Fig. 4. Mean (a) Shannon–Wiener diversity, (b) species richness, (c) evenness and (d) total abundance on vertical positions x month plotted with± SEs. Asterisks (*)
indicate significantly differences between near-surface vs. near-bottom and different letters indicate the average values of indices that were significantly different for
each vertical positions along months according to pairwise test (p < 0.05). (October was not included in due to the lack of replicates).
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established throughout the year (Vázquez et al., 2012). With few ex-
ceptions (Albano and Obenat, 2009; Rico and López Gappa, 2006; Rico
et al., 2012; Rico et al., 2010), benthic assemblages of ports in the
Southwestern Atlantic coast remain almost unknown. As marine fouling
assemblages adversely affect human activities in the sea, and decision-

making depends on knowledge of their variability in time, assemblages
of native, NIS and cryptogenic invertebrates on substrate type, depth
and time has not yet to be documented as we have done in this study.

Concrete had the highest species richness and abundance values.
However, despite these differences, this study suggests that alternative

Table 5
Univariate PERMANOVA analysis of mean abundance for the species composition and their status (natives, NIS and cryptogenic) responses to substrate, vertical
position and months.

Natives

Tricnidactis errans Cyrtograpsus altimanus

Source df MS P(perm) df MS P(perm)

Substate 1 193.79 0.109 1 472.18 0.019
Vertical position 1 55.704 0.039 1 157.33 0.003
Month 11 133.33 0.001 11 50.235 0.025
Substate X Vertical position 1 9.662 0.821 1 90.913 0.071
Substate X Month 10 68.557 0.853 10 60.428 0.129
Vertical position X Month 11 8.778 0.975 11 12.955 0.873
Substate X Vertical position X Month 8 1.6638 1 8 21.193 0.555
Residual 94 24.788 94 24.483
Total 137 137

Natives

Brachidontes rodriguezii Hydroides plateni

Source df MS P(perm) df MS P(perm)

Substate 1 195.87 0.062 1 142.04 0.265
Vertical position 1 367.51 0.014 1 226.67 0.012
Month 11 44.881 0.001 11 226.11 0.001
Substate X Vertical position 1 347.94 0.239 1 46.208 0.214
Substate X Month 10 39.247 0.569 10 106.79 0.128
Vertical position X Month 11 46.925 0.769 11 33.1 0.156
Substate X Vertical position X Month 8 31.908 0.193 8 25.935 0.34
Residual 94 13.062 94 22.617
Total 137 137

Native NIS

Halosydnella australis Monocorophium acherusicum

Source df MS P(perm) df MS P(perm)

Substate 1 1401.7 0.002 1 1096.3 0.634
Vertical position 1 402.37 0.084 1 18,308 0.115
Month 11 366.52 0.001 11 32,196 0.001
Substate X Vertical position 1 1.9782 0.9 1 3371.2 0.643
Substate X Month 10 170.79 0.244 10 4572.8 0.085
Vertical position X Month 11 125.58 0.697 11 6022.8 0.034
Substate X Vertical position X Month 8 152.66 0.426 8 14,852 0.611
Residual 94 46.435 94 2704.7
Total 137 137

NIS

Erichthonius punctatus Sphaeroma serratum

Source df MS P(perm) df MS P(perm)

Substate 1 1096.3 0.634 1 8.8146 0.802
Vertical position 1 18,308 0.115 1 63.898 0.408
Month 11 32,196 0.001 11 73.864 0.015
Substate X Vertical position 1 3371.2 0.643 1 1368.9 0.287
Substate X Month 10 4572.8 0.085 10 151.79 0.184
Vertical position X Month 11 6022.8 0.034 11 93.772 0423
Substate X Vertical position X Month 8 14,852 0.132 8 59.517 0.072
Residual 94 2704.7 94 31.064
Total 137 137

(continued on next page)
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Table 5 (continued)

NIS

Balanus glandula Palaemon macrodactylus

Source df MS P(perm) df MS P(perm)

Substate 1 18.062 0.508 1 484.05 0.008
Vertical position 1 23.691 0.592 1 32.526 0.124
Month 11 41.276 0.077 11 59.458 0.001
Substate X Vertical position 1 16.147 0.455 1 42.391 0.091
Substate X Month 10 36.707 0.256 10 44.867 0.127
Vertical position X Month 11 81.851 0.553 11 11.158 0.659
Substate X Vertical position X Month 8 28.216 0.462 8 11.989 0.562
Residual 94 28.776 94 14.294
Total 137 137

NIS

Hydroides elegans Hydroides dianthus

Source df MS P(perm) df MS P(perm)

Substate 1 3449.2 0.161 1 719.55 0.019
Vertical position 1 1148.9 0.205 1 193.59 0.045
Month 11 1808.1 0.003 11 142.43 0.001
Substate X Vertical position 1 1405.1 0.236 1 45.379 0.277
Substate X Month 10 1496.9 0.386 10 111.64 0.112
Vertical position X Month 11 579.26 0.256 11 36.305 0.472
Substate X Vertical position X Month 8 879.42 0.071 8 34.955 0.478
Residual 94 454.42 94 35.868
Total 137 137

NIS

Ciona intestinalis Styela plicata

Source df MS P(perm) df MS P(perm)

Substate 1 2348.4 0.017 1 1255.6 0.017
Vertical position 1 83.054 0.882 1 438.42 0.002
Month 11 143.71 0.001 11 75.283 0.001
Substate X Vertical position 1 78.486 0.124 1 85.472 0.124
Substate X Month 10 179.05 0.872 10 130.49 0.986
Vertical position X Month 11 83.226 0.149 11 30.292 0.149
Substate X Vertical position X Month 8 134.64 0.134 8 31.553 0.134
Residual 94 50.1 94 19.707
Total 137 137

NIS

Ascidiella aspersa Molgula manhatensis

Source df MS P(perm) df MS P(perm)

Substate 1 24.95 0.528 1 85.472 0.972
Vertical position 1 959.99 0.001 1 72.118 0.025
Month 11 68.439 0.001 11 26.231 0.043
Substate X Vertical position 1 8.4784 0.755 1 161.01 0.039
Substate X Month 10 65.392 0.954 10 47.333 0.308
Vertical position X Month 11 51.478 0.101 11 35.037 0.600
Substate X Vertical position X Month 8 74.08 0.100 8 24.235 0.086
Residual 94 16.026 94 14.151
Total 137 137

Cryptogenic

Caprella equilibra Tanais dulongii

Source df MS P(perm) df MS P(perm)

Substate 1 3897.2 0.014 1 29.335 0.501
Vertical position 1 2814.4 0.115 1 3897.3 0.008

(continued on next page)
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materials are more suitable for promoting settlement of invertebrates.
For further studies we should include more substrates type (e.g. PVC,
steel, rubber) in order to assess diversity and abundance. According to
Ushiama et al. (2016), concrete may have similar properties to the
sandstone and deserves further evaluation, particularly given that new
concrete mixes are being custom made for the marine environment.
Knott et al. (2004) indicated that orientation may be of greater influ-
ence on the biological diversity of epibiota on subtidal reefs than
whether reefs are natural or artificial. Concrete is the most common
substrate in Europe for construction of artificial reefs because it ensures
good stability and allows the realization of modules of various shapes
and sizes (Fabi et al., 2011). Bombace (1997) found higher species
richness on concrete modules in respect to coal-ash ones and a selective
settlement of the burrowing bivalve Pholas dactylus on the horizontal
surfaces of coal-ash blocks.

Wood reveals that species-specific response effect with, four natives
and three NIS, higher mean abundances than concrete. The native crab
Cyrtograpsus altimanus and the polychaete Halosydnella australis both
were more abundant on wood, as previously recorded in the Mar del
Plata port by Bastida (1968; 1971–1972) and Bastida (1968) on ex-
perimental rafts. The same pattern was shown by NIS, since the oriental
shrimp Palaemon macrodactylus, the serpulid polychaete Hydroides dia-
nthus, the ascidians Ciona intestinalis and Styela plicata were more
abundant on wood. The amphipod Caprella equilibra was the only
cryptogenic species that showed greater average abundance on con-
crete. On the other hand, C. equilibra is found on wooden docks
(Velazquez et al., 2017). Notably the invasive P. macrodactylus had a
stable population in the Mar del Plata port throughout the year
(Vázquez et al., 2012) and was only found in wood. Similarly to a
pattern observed in this study with H. dianthus, Ushiama et al. (2016)
found in the wood the serpulid worm Pomatoceros sp. but in lower
abundances.

The near-bottom had the highest mean diversity and species rich-
ness. A similar pattern to the observed in substrate, but they show si-
milar values in abundance. In order to know which depth will be more
diverse and abundant, in futures studies, we would include an inter-
mediate depth. This will give us a better knowledge which vertical
position will have more diversity and species richness.

Near-surface shows that species-specific response effect with two
natives, Trinidactis errans and Brachidontes rodriguezii, and one crypto-
genic, Tanais dulongii, with higher mean abundance than near-surface.
Excoffon et al. (1999) studied the macrobenthos associated with a po-
pulation of Anthothoe chilensis on rocky substrata between 2 and 3m
deep in the Mar del Plata port. On the fauna associated, T. errans was
found to coexist with A. chilensis but it occurred in lower abundance. B.
rodriguezii and T. dulongii are present on near-surface fouling commu-
nity adhered to docks into the port and with highs mean abundances
(see Rumbold et al., 2015; Velazquez et al., 2017).

The near-bottom shows that species-specific response effect with,
two natives and three NIS, higher mean abundances. The natives were
C. altimanus and Hydroides plateni. The NIS Styela plicata, Ascidiella

aspersa and Molgula manhattensis show a pattern with maximum values
on bottom. C. altimanus has been registered in moderates mean abun-
dances in the Mar del Plata port since many decades ago, during the
first fouling studies (Bastida, 1968), until the present (Velazquez et al.,
2017). Albano et al. (2013) studied the associated macrofauna in the
aggregates of the polychaete Phyllochaetopterus socialis in the Mar del
Plata port. These were found at about 6m depth, on the border between
the break-water rocks and soft sediments, and H. plateni was present in
high abundances. The NIS ascidians S. plicata, A. aspersa and M. man-
hattensis are well known to invade worldwide ports. For example,
during an epibenthic community structure survey in Port Phillip Bay
(Australia) S. plicata and A. aspersa were collected at 30 depth-stratified
stations (Cohen et al. 2000). M. manhattensis was recorded at 3m depth
on anchoring lines at Ria de Ferrol (Galicia, Spain) (e.g. Vázquez and
Urgorri, 1992). The major's forcing factors determining subtidal fouling
assemblages are light levels, temperature and pressure, food supplies
and water currents. The latter are important to sessile assemblages for
two main reasons: (a) they maintain the amounts of hard substrata
available and (b) they influence the distribution and recruitment of
planktonic larvae. Currents influence the nature of the substratum
available for colonization by epifauna: strong currents prevent sedi-
mentation and leave bare hard substrata or coarse sediments, whereas
weak currents result in high sedimentation rates and lead to silty or
muddy substrata (Pérès, 1982; Rogers, 1994). Sessile organisms that
produce planktonic larvae also rely on currents to disperse their larvae
and populations of these species are maintained by the recruitment of
competent larvae from the water column. These factors combine with
others such as competition and predation (Paine, 1974; Sebens, 1986)
and the biology and physiology of individual species to influence the
bathymetric distribution of epifaunal species and communities, pro-
ducing vertical zones on natural and man-made hard substrata.

Mean and species richness on concrete was greater than wood and
shows maximum values during autumn and spring. In the Mar del Plata
port, Albano et al. (2013) registered a similar pattern with higher
average species richness in May. Velazquez et al. (2017) show a dis-
similar pattern with higher total species richness in summer and mean
abundance in May. As in the case of present study, Underwood and
Chapman (2000) also note that species diversity in most habitats and
ecosystems show a wide range of variation both on spatial and temporal
scales. This paper shows that, in both substrates, the near-bottom was
more diverse and richness through the months. A likely explanation for
these differences may be to the presence of P. socialis polychaete tubes
at the bottom. In this study we consider P. socialis as a cryptogenic
species which is found in both substrates (see Table 2). This species is
considered an ecosystem engineer (Jones et al., 1994) that houses an
assemblage of macroinvertebrates living within these tubes (Albano
and Obenat, 2009). During the summer higher average volumes of these
tubes were found, hosting more NIS than the surface. In turn, the near-
bottom was the only depth where variations were found in the mean
values of species richness, diversity and evenness throughout the study
period; therefore, this pattern might be due to the presence of

Table 5 (continued)

Cryptogenic

Caprella equilibra Tanais dulongii

Source df MS P(perm) df MS P(perm)

Month 11 2375.7 0.001 11 401.77 0.009
Substate X Vertical position 1 1973.6 0.137 1 127.06 0.269
Substate X Month 10 405.75 0.247 10 48.803 0.965
Vertical position X Month 11 951.35 0.300 11 389.93 0.500
Substate X Vertical position X Month 8 720.43 0.080 94 155.23 0.659
Residual 94 311.87 137
Total 137

Not significant p > 0.05; significant 0.05 > p > 0.01; highly significant p < 0.01, p-values were obtained using 999 permutations.
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polychaete ecosystem engineer in that depth. On the other hand, the
pattern observed by average abundance showed in the near-surface,
highest values in April and March. It is likely that factors associated
with proximity to the surface (e.g. light) might have some of the
strongest effects on the development of epibiota assemblages in the
subtidal (Glasby, 1999; Saunders and Connell, 2001). In turn, changes
in the structure of the community through a vertical gradient are
generally related to the physical factors which vary with depth such as
the action of the waves and the attenuation of light (Witman and
Dayton, 2001).

The monthly variations average abundances reveal that species-
specific response effect differences in 5 natives and 11 NIS. Given the
high species specific response of NIS (compared to native), found in this
study along the temporal fluctuations in fouling communities, we sug-
gest that this deserves attention for management measures in order to
prevent more invasive species introductions in the future. Invasive
species management has been recognized as a global issue of concern
(e.g. IMO, 2017). The importance of fouling as a vector for invasive
species translocation is being increasingly recognized (Lewis and
Coutts, 2010). All ships have some degree of fouling, even those which
may have been recently cleaned or had a new application of an anti-
fouling system. Management measures may be applied at various points
in the process of invasion, starting from prevention of introductions, to
early detection of NIS or founder populations and rapid response there
to – in the form of eradication or containment – and long-term control
of invasive populations.

The present study highlighted the importance of the relationship
between the fouling assemblages of native, NIS and cryptogenic species
with different kind of substrates, two depths and temporal variations.
This is the first study which focuses on community composition of
native, NIS and cryptogenic species on substrate type, depth and time in
the Mar del Plata port. Understanding when, where and how the NIS
were establish in ports will allow us design monitoring programs to
prevent arrival and settle of these species.
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