
Vol.: (0123456789)
1 3

Biol Invasions (2023) 25:787–800 
https://doi.org/10.1007/s10530-022-02944-x

ORIGINAL PAPER

Are urban mangroves emerging hotspots of non‑indigenous 
species? A study on the dynamics of macrobenthic fouling 
communities in fringing red mangrove prop roots

Enis Mosquera · Juan F. Blanco‑Libreros · 
José M. Riascos 

Received: 14 March 2022 / Accepted: 3 October 2022 / Published online: 29 December 2022 
© The Author(s) 2022

Abstract  Urbanization represents a radical trans-
formation of natural habitats that alters all the biotic 
and abiotic properties governing ecosystems. Urban 
expansion often results in oversimplified communi-
ties, where most specialists decline or disappear and 
a few generalist or exotic species become dominant. 
The consequences of urban expansion in mangrove 
forests are understudied, although these systems have 
been altered by humans for centuries and the growth 
of human population in tropical coasts is expected to 
be faster than in higher latitudes. To assess the impor-
tance of indigenous and non-indigenous species in 
driving temporal and spatial changes in community 

structure of red-mangrove prop-root macrobenthic 
communities, we studied heavily altered mangrove 
forests from two bays from the Caribbean coast of 
Colombia in 2005 and 2021. In all places/periods, the 
community richness was low, a few taxa were domi-
nant (11 taxa, out of 40, comprised ~ 90% of the total 
abundance) and 35% of those taxa were non-indige-
nous species whose presence is related with known 
stressors in urbanized systems. Hence, call for efforts 
to assess whether urban mangrove forests are emerg-
ing as hotspots for non-indigenous biota. Commu-
nity structure did not change within or between bays, 
there was a clear, significant turnover of core species 
between 2005 and 2021, with non-indigenous species 
playing a prominent role in this variability. This was 
puzzling—ecological theory asserts that the abun-
dance of a species is related to their permanence: core 
species are relatively stable through time, while rare 
species appear or disappear—but this may not apply 
for stressed communities influenced by non-indige-
nous biota.

Resumen  La expansión urbana es una transfor-
mación radical de un hábitat natural; prácticamente 
altera todas las propiedades bióticas y abióticas que 
definen la estructura y función de un ecosistema. El 
conjunto de estas alteraciones usualmente se traduce 
en comunidades simplificadas, donde unas pocas es-
pecies generalistas o exóticas proliferan exitosamente 
a expensas de muchas especialistas, que declinan o 
desaparecen. El estudio de las consecuencias de la ur-
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banización en bosques de manglar es precario a pesar 
del milenario proceso de transformación humana en 
esos ecosistemas y de las tendencias de crecimiento 
de la población humana, más acelerado que en otros 
sistemas. Para evaluar la participación relativa de es-
pecies nativas y no nativas en la definición de cam-
bios espaciales y temporales en las comunidades 
macrobentónicas asociadas a las raíces de mangle 
estudiamos bosques fuertemente alterados en dos 
bahías del Caribe colombiano en 2005 y 2021. En 
general, la comunidad se caracterizó por una baja 
riqueza, la alta dominancia de unas pocas especies y 
por una alta proporción de especies exóticas, exótico-
invasoras y crípticas (35% del total de las especies) 
típicamente indicadoras de perturbaciones en zonas 
costeras urbanizadas. En ese contexto, sugerimos que 
es urgente evaluar si los bosques de manglar en zonas 
urbanizadas se estarían convirtiendo en puntos focales 
de especies no nativas. Aunque la estructura de esta 
comunidad no presentó variaciones espaciales, si se 
observa una significativa rotación de las especies más 
abundantes entre 2005 y 2002, muchas de ellas no na-
tivas. Esto fue inesperado; la teoría ecológica indica 
que la abundancia de especies en una comunidad está 
relacionada con su permanencia: las especies núcleo 
tienden a mantenerse mientras las especies raras van 
y vienen –pero esto podría no aplicar para el caso de 
una comunidad influenciada por especies exóticas en 
un ambiente perturbado.

Keywords  Urban ecology · Urban expansion · 
Invasive alien species · Biotic homogenization · 
Rhizophora mangle

Introduction

Habitat loss and invasive species have long been 
heralded as major causes of biodiversity loss in con-
servation biology (e.g., Pimm and Raven 2000; Sala 
et al. 2000; Molnar et al. 2008). Among the vast array 
of human transformations of natural habitats, cit-
ies represent the heart of our human enterprise and 
perhaps the most radical source of ecological distur-
bances: urbanization alters all of the abiotic and biotic 
properties that govern ecosystems (Alberti 2008). 
Recent evidence suggest that the multifarious human 
pressures clustered in cities is creating oversimplified 
communities where specialized species decline and 

generalist tolerant species prevail (Faeth et al. 2011; 
Santana et al. 2020). This, and the transport of peo-
ple and goods—a major vector for species transloca-
tion—interact to foster cities as emerging hotspots 
for the arrival, establishment and expansion of non-
indigenous species (Santana et  al. 2020; González-
Lagos et al. 2021).

In urban ecology, much of the existing methods, 
principles, frameworks and knowledge come from 
developed countries in the so-called Global North 
(Shackleton et  al. 2021), where studies have been 
traditionally focused in terrestrial socio-ecological 
systems. Fixing this is imbalance is critical for two 
main reasons. First, major biodiversity hotspots in 
pan-tropical areas from developing countries are 
forecasted to experience the fastest rates of urbaniza-
tion by 2030, with consequences for biodiversity loss 
(Seto et  al. 2012). Second, coastal or riverine ports 
near coasts account for a considerable number of the 
major cities of the Global South: 32 of the 77 largest 
cities in the world are located on coastal areas of the 
Global South (Myers 2021). Third, population den-
sity is much higher in coastal areas (Faulkner 2004) 
and compositional reorganizations related to human 
pressures are faster and more variable in marine than 
in terrestrial ecosystems (Blowes et al. 2019).

Mangrove forests provide a multitude of eco-
system services and significant aesthetic, educa-
tional, cultural, recreational and spiritual benefits 
for humans—more than any other tropical coastal 
ecosystem (Millennium Ecosystem Assessment 
2005). Yet for the same reason, mangroves are highly 
threatened systems: mangrove forests are being lost 
at a fast rate in recent decades, driven primarily by 
aquaculture development, deforestation, freshwater 
diversion and urban expansion (Duke et  al. 2007; 
Chakraborty 2019; Branoff 2017). Therefore, man-
grove forests in urban settings are ideal systems to 
assess how indigenous and non-indigenous biota are 
interacting through time. Particularly, mangrove-root 
fouling communities are species-poor and accessible 
model systems to study the dynamics of community 
structure related to environmental changes at different 
spatial scales, ranging from individual roots to whole 
mangrove islands (e.g. Farnsworth and Ellison 1996; 
Hay et al. 2004).

In this study we assessed the relative importance 
of indigenous and non-indigenous species in driving 
temporal and spatial changes in community structure 
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of mangrove-root associated biota in the Urabá Gulf, 
southern Caribbean coast of Colombia. Mangrove 
forests in this area have been heavily altered by land 
reclamation for agricultural expansion in El Uno bay 
and urban expansion of the Turbo city port (Blanco-
Libreros and Estrada-Urrea 2015). Owing to the 
intensification and heterogeneity of the anthropogenic 
impacts in these areas during the last 15  years, we 
hypothesized that the structure of epibenthic macro-
fauna associated with the roots of R. mangle will dif-
fer between periods (2005–2021) and bays (El Uno—
Turbo), with invasive species being important drivers 
of those differences. We built on previous historical 
work performed by Garcia and Palacio (2008) in the 
study area and predicted that the number of alien 
and alien-invasive species will be consistently higher 
through time in Turbo bay. The bays are closely 
located and influenced by human activities as to be 
considered urban. However, urban areas are mainly 
surrounding Turbo bay and the associated impacts 
(including land use changes, pollution, deforestation 
and harvesting) are concentrated around Turbo bay. 
Hence a more diverse array of introduction vectors 
for non-indigenous species might be expected in this 
region.

Materials and methods

Study area

The study was performed in the southeastern coast of 
the Urabá Gulf (Fig. 1). Located near the Colombia-
Panama border, the gulf is a north-facing embayment 
that represents the southernmost region of the Car-
ibbean Sea. The gulf is home to the most developed 
mangrove forests in the Colombian Caribbean, which 
are probably the most productive in the Americas 
(Riascos and Blanco-Libreros 2019). Fringe forest is 
the dominant physiographic type of mangroves in the 
region, which mostly comprise monospecific stands 
of Rhizophora mangle, while R. mangle, Laguncu-
laria racemosa and Avicennia germinans occur in 
basin mangroves (Urrego et al. 2014). The gulf is part 
of the Chocó-Darien Global Ecoregion, a globally 
recognized biodiversity hotspot prioritized for con-
servation due to the high levels of biodiversity and 
endemism (Fagua and Ramsey 2019). Nowadays the 
region comprises a complex mosaic of land covers, 

ethnic groups and legal and illegal economic activi-
ties and is considered a deforestation hotspot in the 
Colombian Caribbean coast. The estimated cover of 
4908 ha in 2009 represent a reduction of 29.8% of the 
previous estimation in 2003 (Blanco-Libreros et  al. 
2012). The eastern coast of the gulf, which includes 
the study area, have been dramatically shrunk due to 
expanding agricultural and pasture lands and urban 
areas, particularly near the Turbo Municipality.

Mangroves in Turbo Bay are exposed to mesoha-
line to polihaline waters (0.5–10‰) and have been 
characterized as “peri-urban” because they are struc-
turally and functionally affected by their proximity to 
the Turbo port city (Ortiz and Blanco 2012; Blanco-
Libreros and Estrada-Urrea 2015). During the last 
15 years, the number of homes in the Turbo District 
increased by 18.12%, most of them concentrated 
in Turbo city that currently is home to 48,787 peo-
ple (DANE 2018). Moreover, the ongoing develop-
ment of major port facilities will further boost urban 
expansion and the associated pressures on mangrove 
forests in coming years. In turn, mangroves at El 
Uno Bay grow in oligohaline to mesohaline condi-
tions (10–35‰) and their areal coverage have been 
reduced for expanding lands for agriculture (mainly 
comprising plantain crops) and cattle ranching, illus-
trating a typical example of a rural-agricultural tran-
sition (Ortiz and Blanco 2012; Blanco-Libreros and 
Estrada-Urrea 2015). The bay is a coastal lagoon 
whose formation is linked to the evolution of the 
Turbo River delta since the transfer of its mouth to 
this region in the mid-twentieth century (Blanco-
Libreros et al. 2013; Alcántara-Carrió et al. 2019).

Field work

This work builds on previous work on the structure of 
macrobenthic communities associated with prop roots 
of R. mangle performed by García and Correa (2006), 
which was later published by Garcia and Palacio 
(2008); hence their methods were replicated to war-
rant comparability. They sampled six prop roots in 
the eastern, western and northern zones of each bay 
between September and December 2005. They found 
that diversity of macrobenthic communities did not 
significantly change through time or zones. Moreo-
ver 12 species comprised 90% of the total abundance 
and these species were found in all sampling points 
through the study period. Hence, we performed a 
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single sampling in June 2021, taking ten R. mangle 
prop roots in the same zones (east, north, west) in 
each bay (Fig.  1), thus 60 prop roots were sampled 
in this study. Following the criteria established by 
Garcia and Palacio (2008), roots were haphazardly 
selected by (i) belonging to mature trees (≥ 10  cm 
in diameter at breast height), (ii) having a signifi-
cant portion submerged into the water and (iii) har-
boring easily seen sessile organisms. The roots were 
cut at the high-tide mark and immediately stored in 
labeled plastic bags. Additionally, the following fac-
tors related to anthropogenic disturbances were meas-
ured: trampling (presence/absence), logging (number 
of trees cut), litter (number of litter items per plot) 
and urban structures (number of urban structures, e.g. 

houses, roads, piers, etc. per plot). All these counts 
were performed by a single dedicated observer in a 
10 m diameter plot surrounding each sampling point.

Samples were immediately taken to the Marine 
Ecology laboratory (Universidad de Antioquia, 
Marine Science Campus in Turbo), refrigerated at 
3–5  °C and processed within the next 12  h. Roots 
were weighed and placed on plastic trays, cut into 
small parts and dissected. Observed macroinverte-
brates were removed and stored in alcohol. Oysters 
in particular were carefully reviewed under a ste-
reoscope to record attached organisms. Plastic bags 
and root pieces were washed and sieved through a 
250-micron mesh sieve. The retained material was 
stored in labeled plastic jars with 95% ethanol for 

Fig. 1   Map of the Urabá gulf and the study zones and specific sampling points. Shape of mangrove forest cover provided by Valen-
cia-Palacios and Blanco-Libreros (2021)
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further analysis. The samples were sorted under a 
stereomicroscope and the resulting organisms identi-
fied to the minimum possible taxonomic level. Fol-
lowing the criteria and definitions used by the Con-
vention on Biological Diversity on invasive alien 
species (https://​www.​cbd.​int/​invas​ive/​terms.​shtml), 
all taxa identified to the species level were catego-
rized as:

	 (i)	 Indigenous species: a species living within its 
natural range (past or present) including the 
area which it can reach and occupy using its 
natural dispersal systems.

	(ii)	 Alien species: a species introduced outside its 
natural past or present distribution.

	(iii)	 Invasive-alien species: an alien species whose 
introduction and/or spread threatens biological 
diversity

Finally, a species that was not demonstrably indig-
enous or introduced based on current knowledge was 
classified as a cryptic species.

Data analysis

The abundance of each taxon was calculated as the 
number of individuals per root. These data were 
organized in biological (species abundances per root) 
or environmental (anthropogenic disturbances in 
each sampling point) matrices. Abundance data were 
square-root transformed to balance the contribution 
of abundant and rare species in further analysis, thus 
accounting for the fact that some fast-moving animals 
had a chance to escape during samplings, as opposite 
to sessile animals. Data on environmental factors (see 
Table S3) were first normalized (subtracting the mean 
and dividing by the standard deviation for each vari-
able) to account for the different scales among vari-
ables. The Bray–Curtis dissimilarity index was later 
estimated from abundance data for each pair of sam-
ples in the matrix and Non-metric multidimensional 
scaling (nMDS; Clarke and Gorley 2006) was used to 
build ordination plots of the structure of macroben-
thic communities in mangrove roots for each zone 
and bay. In turn, Euclidean distances were calculated 
between sampling points to describe abiotic differ-
ences among zones in each bay, using bi-dimensional 
plots of Principal Component Analyses.

To test for changes in the structure of epibenthic 
macrofauna associated with roots between zone (east, 
north, west) and bays (El Uno, Turbo) we used a two-
way ANOSIM test. This approach performs a per-
mutation test of the null hypothesis of no differences 
among a priori defined groups of samples, based on 
the ranks of the sample dissimilarity matrix (Somer-
field et al. 2021).

To assess our hypothesis on changes in the struc-
ture of epibenthic macrofauna associated with roots, 
samples from each zone were pooled and treated as 
replicates. A crossed two-way ANOSIM test was used 
to test for differences between periods (2005–2021) 
and bays (El Uno–Turbo). For samples found to be 
significantly different, the Similarity Percentage 
Analysis (SIMPER) implemented in PRIMER soft-
ware was used to evaluate which species contributed 
most to the differences between periods and bays. 
This biota was further characterized according to 
origin (indigenous and non-indigenous) to discuss 
our findings and differences in the abundance and 
richness of indigenous and non-indigenous species 
between years were tested using the Mann–Whitney 
U-tests. A significance level of α = 0.05 was chosen 
for all the tests performed. All multivariate analyses 
were performed using PRIMER v.6 software (Clarke 
and Gorley 2006).

Results

Our study reports 40 taxa of invertebrates associated 
with prop roots of Rhizophora mangle (Table  S1) 
in El Uno and Turbo. We found 225 specimens 
in 2021 (El Uno = 75; Turbo = 150), which was 
nearly half of the 394 specimens found in 2005 (El 
Uno = 201; Turbo = 193). Richness (number of taxa) 
also decreased in 2021 (El Uno = 20; Turbo = 18) 
with respect to 2005 (El Uno = 28; Turbo = 29). A 
few taxa where highly dominant in all places/times: 
11 species comprised more than 90% of the abun-
dance. In fact, two species (Brachidontes doming-
uensis and Tanais dulongii) made up nearly half of 
the total abundance (Fig. 2). In contrast, there were 
28 taxa that contributed less than 1% of the total 
abundance. Of the 40 taxa found in our study, 26 
(65%) were identified to the species level and cate-
gorized as indigenous (17), alien (3), alien-invasive 
(4) and cryptogenic (2) (Table  S2). Moreover, El 

https://www.cbd.int/invasive/terms.shtml
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Uno and Turbo had almost the same number of non-
indigenous species in 2005 and 2021, which was not 
in line with our prediction that Turbo would harbor 
more non-indigenous biota.

The abundance and species composition of mac-
robenthic assemblages associated with roots of R. 
mangle did not show significant differences between 
zones, neither in El Uno bay (ANOSIM; R = 0.012; 
p = 0.34) nor in El Uno Bay (ANOSIM; R = 0.116; 
p = 0.06), which was also reflected in a lack of spa-
tial segregation of communities in nMDS ordination 
plots (Fig.  3). This result was surprising, because 
PCA ordinations of anthropogenic pressures (Fig. 4) 
showed a clear spatial structure within each bay, with 
the density of litter and urban structures being key 
structuring factors (see also the environmental data 
matrix—Table S3).

In contrast, our results revealed significant dif-
ferences in the structure of benthic assemblages 
between periods (ANOSIM; R = 0.853; p = 0.02) but 
not between bays (ANOSIM; R = 0.000; p = 0.45). 
These results are also illustrated in the nMDS ordi-
nation plot (Fig. 5), which show that samples from 
2005 clustered to the left of the plot while samples 
from 2021 clustered to the right. In turn, between-
bays distances were less consistent. Results of SIM-
PER analysis showed that 12 species explained 
more than 90% of dissimilarity in abundance and 
species composition between samples taken in 2005 
and 2021 (Table 1). Of these species, the third and 
fifth species contributing most to the dissimilarity 
were cryptogenic (Tanais dulongii) and alien-inva-
sive species (Apocorophium acutum). Besides, the 
fourth, sixth and eighth species, contributing most 

0 10 20 30 40

Brachidontes domingensis
Tanais dulongii

Crassostrea rhizophorae
Leptocheirus rhizophorae

Apocorophium acutum
Mytilopsis sallei

Exaiptasia diaphana
Biflustra tenuis
Alitta succinea

Sphaeroma terebrans
Amphibalanus amphitrite

Panopeus herbstii
Bankia fimbriatula

Aratus pisonii
Vitta virginea

Chaetopteridae
Brachidontes

Sabellidae
Thaisella coronata

Littoraria angulifera
Chthamalus

Nereis
Pachygrapsus gracilis

Neoteredo reynei
Ligia

Other

2021 2005

0 10 20 30 40

Brachidontes domingensis
Tanais dulongii

Crassostrea rhizophorae
Leptocheirus rhizophorae

Apocorophium acutum
Mytilopsis sallei

Exaiptasia diaphana
Biflustra tenuis
Alitta succinea

Sphaeroma terebrans
Amphibalanus amphitrite

Panopeus herbstii
Bankia fimbriatula

Aratus pisonii
Vitta virginea

Chaetopteridae
Brachidontes

Sabellidae
Thaisella coronata

Littoraria angulifera
Chthamalus

Nereis
Pachygrapsus gracilis

Neoteredo reynei
Ligia

Other

2021 2005
(a) El Uno Bay (b) Turbo Bay

Mean abundance (ind per root)

Fig. 2   Spatial and temporal comparisons of the mean abundance of taxa associated to roots of Rhizophora mangle. Taxa displaying 
lower abundances (< 0.01 ind per root) are shown as “other)



793Are urban mangroves emerging hotspots of non‑indigenous species? A study on the dynamics of…

1 3
Vol.: (0123456789)

to the dissimilarity are indigenous species to the 
study area that however have been reported as intro-
duced or alien-invasive species in other regions of 
the globe (Table 1, Table S2). Temporal changes in 
abundance and species composition are clearly seen 
in Fig.  6. Of special importance was the fact that 
two of the most abundant species observed in 2005 
(Tanais dulongii and Brachidontes dominguensis) 

were replaced as dominant species in 2021 by two 
previously unregistered species (Apocorophium 
acutum and Leptocheirus rhizophorae). Finally, the 
abundance and richness of indigenous species was 
significantly higher in 2005 than in 2021 (Fig.  7), 
but that of non-indigenous species did not signifi-
cantly change over time.

2D Stress: 0,1 2D Stress: 0,13

West North East

(a) El Uno Bay (b) Turbo bay

Fig. 3   Ordination by non-metric Multidimensional Scaling 
of composition and abundance of macrobenthic communities 
associated with prop roots of Rhizophora mangle in El Uno 

Bay (a) and Turbo bay (b), Colombian Caribbean coast. Ordi-
nation maps were calculated from Bray–Curtis dissimilarity 
measures
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Fig. 4   Bi-dimensional plots of Principal Components (PC1 
and PC2) after the Principal Component Analyses of anthro-
pogenic factors registered in sampling spots in western, north-
ern and eastern zones at El Uno Bay (a) and Turbo Bay (b) 

in 2021 and the superimposed vectors (grey lines) of anthro-
pogenic factors. PC1 and PC2 together explained 70.8% of the 
observed variance in El Uno and 76.5% in Turbo
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Discussion

In a classical work on ecosystem ecology, Odum 
(1985) suggested that in a system exposed to exter-
nal disturbances or stressors, species diversity 
would decrease while dominance would increase. 
Direct, comparisons of species diversity of foul-
ing communities associated with roots between 

different places are difficult to make because of 
differences in sampling effort, spatial coverage, 
taxonomic expertise, abiotic conditions, large scale 
trends in biodiversity, among others. Despite this, 
the richness of taxa in our work was much lower 
than that typically found in non-urban spots of 
the Caribbean Sea, including Belize (Ellison and 
Farnsworth 1992 = 46 taxa; Farnsworth and Ellison 

Fig. 5   Ordination by 
non-metrical Multidimen-
sional Scaling (nMDS) of 
composition and abundance 
of macrobenthic communi-
ties associated with prop 
roots of Rhizophora mangle 
in El Uno Bay and Turbo 
bay, Colombian Caribbean 
coast. nMDS was built on 
Bray–Curtis dissimilar-
ity measures. Each point 
represent data on species 
composition and abundance 
pooled by zone

2005
2021

Uno

Uno

Uno

Turbo

Turbo

Turbo

Uno

Uno

Uno

Turbo

Turbo

Turbo

2D Stress: 0,06

Table 1   Results of similarity percentage analysis showing the main benthic species contributing to the dissimilarity in community 
structure between 2005 and 2021

Species signaled by an asterisk are indigenous species to the study area that are currently reported as introduced (Crassostrea rhiz-
ophorae, Exaiptasia diaphana) or allien-invasive species (Mytilopsis sallei) beyond their native geographic range (see Table S2)

Main discriminating species Classification Abundance average Dissimilarity 
average

Contribution (%) Cumulative (%)

2005 2021

Branchidontes domingensis Indigenous 23.76 3.70 18.6 24.96 24.96
Leptocheirus rhizophorae Indigenous 0.00 10.07 9.96 13.36 38.31
Tanais dulongii Cryptogenic 14.24 6.62 9.46 12.69 51.00
Crassostrea rhizophorae *Indigenous 9.85 0.88 8.46 11.34 62.35
Apocorophium acutum Alien-invasive 0.69 7.32 6.87 9.21 71.56
Exaiptasia diaphana *Indigenous 4.35 0.00 4.72 6.34 77.90
Biflustra tenuis Indigenous 0.01 2.67 2.53 3.40 81.30
Mytilopsis sallei *Indigenous 2.58 2.62 2.17 2.91 84.20
Panopeus herbstii Indigenous 1.46 0.02 1.38 1.85 86.05
Vitta virginea Indigenous 0.78 0.05 1.31 1.76 87.81
Amphibalanus amphitrite Alien 1.50 0.13 1.26 1.69 89.50
Alitta succinea Alien-invasive 1.38 0.57 1.09 1.47 90.97
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1996 = 59 taxa), Mexico (Hemández-Alcántara and 
Solís-Weiss 1995 = 86 taxa; Tunnell and Withers 
2009 = 47–56 taxa; Lucas and de la Cruz-Francisco 
2018 = 26 taxa; Ruiz and López-Portillo 2014 = 28 
taxa), Venezuela (Guerra-Castro et  al. 2011 = 115 
taxa that included algae). In the Urabá Gulf, Fer-
nandez-Rodríguez et  al. (2016) studied polychaete 
assemblages in Rionegro Cove and Marirrío Bay, 
areas not clearly affected by urbanization, and 
found ten taxa, which exceeds the five taxa reported 
in our study. Because of this, and the decreasing 
richness observed between in 2021 compared to 
2005, we suggest that the low richness of taxa of 

fouling communities in red mangrove roots might 
be a response to impacts of increased urbanization 
in Turbo and related human activities that spill-
over in El Uno. More importantly, this would be 
in line with the commonly observed reduction of 
faunal and plant species richness along rural–urban 
gradients in diverse terrestrial and aquatic ecosys-
tems (e.g. Alberti 2008). A further explanation 
for the low richness may also lie in the fact that 
estuarine conditions in the study area is known to 
restrict stenohaline species, thus reducing diversity 
(Blanco-Libreros et al. 2016), although higher spe-
cies richness have been reported for mangrove root 
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fouling communities in other estuarine systems in 
Panama (Cubit et al. 1987) and the Gulf of Mexico 
(Tunnell and Withers 2009).

The high dominance of a few taxa is a general fea-
ture of mangrove root epibiotic communities; it has 
been consistently reported in relatively undisturbed 
areas of the Caribbean Sea (Hemández-Alcántara 
and Solís-Weiss 1995; Farnsworth and Ellison 1996; 
Tunell and Withers 1996; Vilardy and Polania 2002; 
Molina 2017). Thus, if the dominance is further 
increased as a response to the disturbances connected 
to urban expansion in El Uno and Turbo, we could 
not discriminate that response in a system character-
ized by a high dominance regardless of whether the 
habitat is disturbed or not.

Mangrove-root epibenthic communities have long 
been recognized as spatially structured communi-
ties controlled by physical and biological factors that 
operate at different scales (Bingham 1992; Farns-
worth and Ellison 1996). While large spatial differ-
ences are largely influenced by physical factors, at 
local scale, as that used in our study, changes in com-
munity structure are known to be mainly controlled 
by larval supply: the patchiness seen in many man-
grove epifaunal communities is largely a result of the 
importance of short-lived lecithotrophic species (e.g., 
sponges, bryozoans, ascidians), while homogene-
ous communities result from the dominance of spe-
cies with long-lived planktotrophic larvae (Bingham 
1992). Thus, given the lack of spatial differences in 
the structure of mangrove-root benthic communities 
in our study we would expect that species with long-
lived planktotrophic larvae are dominant. But an anal-
ysis of the four species comprising nearly 75% of the 
total abundance suggest that it is not the case in our 
study: Tanais dulongii and Leptocheirus rhizophorae 
are brooding crustaceans with benthic life cycles and 
low dispersion rates (Rumbold et  al. 2015; Arfianti 
2020). In turn, while Brachidontes domingensis and 
Crassostrea rhizophorae are broadcast spawners, C. 
rhizophorae have short-lived larvae (10–12 d; Ramp-
ersad and Ammons 1992) and although B. doming-
uensis does have long larval stage it commonly 
display heterogeneous spatial distributions at local 
stages (Bennett et al. 2011).

The lack of spatial variability in community struc-
ture seems more likely related to (i) the observed drop 
in the number and abundance of indigenous species 
as compared with non-indigenous biota and (ii) the 

local expression of a widely observed effect of spe-
cies invasions: biotic homogenization (sensu McKin-
ney and Lockwood 1999). Significant shifts in the 
balance of indigenous and non-indigenous plant spe-
cies as a response to urbanization have already been 
observed in forested urban wetlands (Ehrenfeld and 
Schneider 1991; Paquin et al. 2021) and urban man-
groves (Branoff and Martinuzzi 2020). Some of the 
most abundant species in our study are invasive spe-
cies associated with conditions commonly found in 
urbanized coasts: Balanus amphitrite, Mytilopsis 
sallei and Alitta succinea are common elements of 
encrusting communities in human-made structures 
worldwide or in invasive mangroves (Neves and 
Rocha 2008; Demopoulos and Smith 2010; Aguil-
era et  al. 2018; Tan and Tay 2018); Apocorophium 
acutum is an invasive species associated with algal 
mats in jetties and aquaculture facilities (Hossain and 
Hughes 2016; Giménez-Delcamp 2021); Exaiptasia 
diaphana is an alien species covering artificial and 
natural surfaces (Durán-Fuentes et al. 2022) and Tan-
ais dulongii is a cryptogenic species commonly found 
in eutrophic waters (Wildsmith et al. 2009). Unfortu-
nately, the establishment of non-indigenous animal 
species in urban mangrove forests has been rarely 
addressed. Hence, we urge ecologist and conserva-
tionist to further assess whether urban mangroves are 
emerging as hotspots for non-indigenous biota.

A second striking result in our study was a clear 
turnover of core species between 2005 and 2021, with 
non-indigenous species playing a prominent role in 
this variability. A fairly common feature of ecological 
communities is that a few (core) species are excep-
tionally abundant, whereas most are rare, transient 
species (Gaston and Blackburn 2000). Empirical evi-
dence shows that core species tend to be present for 
a longer period than rare species, thus implying that 
the commonness and rarity of species in the assem-
blage is related to their permanence (e.g. Magurran 
and Henderson 2003). Therefore, the observed turno-
ver in core species is unexpected and hard to explain 
within the scope of our data. A species invasion is not 
an event but a species-specific and site-specific pro-
cess occurring in consecutive stages including trans-
port, establishment, spread and impact (Lockwood 
et al. 2013). Thus, we hypothesize that the observed 
turnover may reflect the progress or failure of each 
species to go through these stages. This, however, 
is rather speculative because our data have intrinsic 
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limitations mostly related with the fact that we are 
comparing start (2005) and end conditions (2021) 
without knowledge of e.g. seasonality in demographic 
processes and/or longer-term or cyclic oceanographic 
changes between these years, which may be inde-
pendent of urban expansion.

The difficult to relate the presence of non-indig-
enous species to specific stressors in mangrove-root 
epibenthic communities and explain the turnover of 
core species also reflects our limitation to assess syn-
ergistic effects of multiple co-occurring stressors in 
this system—a current research priority to advance 
invasion science in the face of rapid environmental 
change (Ricciardi et al. 2021).

Acknowledgements  María José Pacheco contributed to field-
work. Thanks to local communities in El Uno and Turbo bay 
for allowing access to their territories. Fieldwork and collection 
of biological samples was conducted in under the permit 0524 
provided by Autoridad Nacional de Licencias Ambientales to 
Universidad de Antioquia. We acknowledge the thoughtful and 
constructive work performed by two anonymous reviewers.

Author contributions  All authors contributed to the study 
conception and design. Field work was conducted by JMR and 
EM. Material preparation, data collection and analysis were 
performed by JMR and EM. The first draft of the manuscript 
was written by JMR and EM, and all authors commented on 
previous versions of the manuscript.

Funding  Open Access funding provided by Colombia Con-
sortium. This work was financially supported by a ICETEX 
scholarship for black minorities and Esperanza Afro founda-
tion, awarded to Enis Mosquera.

Data availability  All data generated or analysed during this 
study are included in this published article [and its supplemen-
tary information files]. Any further information regarding the 
database supporting this work is available from the correspond-
ing author on reasonable request.

Declarations 

Conflict of interest  The authors declare that the research 
was conducted in the absence of any commercial or financial 
relationships that could be construed as a potential conflict of 
interest.

Open Access  This article is licensed under a Creative Com-
mons Attribution 4.0 International License, which permits 
use, sharing, adaptation, distribution and reproduction in any 
medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Crea-
tive Commons licence, and indicate if changes were made. The 
images or other third party material in this article are included 
in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not 

included in the article’s Creative Commons licence and your 
intended use is not permitted by statutory regulation or exceeds 
the permitted use, you will need to obtain permission directly 
from the copyright holder. To view a copy of this licence, visit 
http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

Aguilera AA, Arregocés LJ, Andrade EL (2018) Invertebrados 
marinos bioincrustantes en el casco del buque ARC “20 
de Julio”. Bol Cient CIOH 36:3–16. https://​doi.​org/​10.​
26640/​22159​045.​435

Alberti M (2008) Advances in urban ecology: integrating 
humans and ecological processes in urban ecosystems. 
Springer, New York

Albertoni EF, Palma-Silva C, Esteves FDA (2002) Distribution 
and growth in adults of Macrobrachium acanthurus Wieg-
mann, (Decapoda, Palaemonidae) in a tropical coastal 
lagoon, Brazil. Rev Bras Zool 19:61–70. https://​doi.​org/​
10.​1590/​S0101-​81752​00200​06000​06

Alcántara-Carrió J, Caicedo A, Hernández JC, Jaramillo-Vélez 
A, Manzolli RP (2019) Sediment bypassing from the new 
human-induced lobe to the ancient lobe of the Turbo delta 
(Gulf of Urabá, Southern Caribbean Sea). J Coast Res 
35:196–209

Arfianti T (2020) Biodiversity and Biogeography of Amphipod 
Crustaceans. Doctoral dissertation, Auckland University. 
Available from https://​resea​rchsp​ace.​auckl​and.​ac.​nz/​bitst​
ream/​handle/​2292/​53402/​Arfia​nti-​2020-​thesis.​pdf?​seque​
nce=​1&​isAll​owed=y

Bennett KF, Reed AJ, Lutz RA (2011) DNA barcoding reveals 
Brachidontes (Bivalvia: Mytilidae) from two ecologically 
distinct intertidal habitats on Long Key, Florida Keys, are 
cryptic species, not ecotypes. The Nautilus 125:63–75. 
Retrieved from https://​biost​or.​org/​refer​ence/​166548

Bingham BL (1992) Life histories in an epifaunal commu-
nity: coupling of adult and larval processes. Ecology 
73:2244–2259

Blanco-Libreros JF, Estrada-Urrea EA (2015) Mangroves on 
the edge: Anthrome-dependent fragmentation influences 
ecological condition (Turbo, Colombia, Southern Carib-
bean). Diversity 7:206–228

Blanco-Libreros JF, Taborda-Marín A, Amortegui-Torres et al. 
(2013) Deforestación y sedimentación en los manglares 
del Golfo de Urabá. Síntesis de los impactos sobre la 
fauna macrobéntica e íctica en el delta del río Turbo. Gest 
Ambient (Colombia) 16:19–36. Retrieved from: https://​
revis​tas.​unal.​edu.​co/​index.​php/​gesti​on/​artic​le/​view/​39560

Blanco JF, Estrada EA, Ortiz LF, Urrego LE (2012) Ecosys-
tem-wide impacts of deforestation inmangroves: the 
Urabá Gulf (Colombian Caribbean) case study. Interna-
tional Scholarly Research Notices, 2012

Blanco-Libreros JF, Londoño Mesa MH, Correa Arango ID, 
Bernal Franco GR, Osorio Arias AF, Polanía Vorenberg 
JH et al (2016) Expedición Caribe sur: Antioquia y Chocó 
costeros. Comisión Colombiana del Océano

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.26640/22159045.435
https://doi.org/10.26640/22159045.435
https://doi.org/10.1590/S0101-81752002000600006
https://doi.org/10.1590/S0101-81752002000600006
https://researchspace.auckland.ac.nz/bitstream/handle/2292/53402/Arfianti-2020-thesis.pdf?sequence=1&isAllowed=y
https://researchspace.auckland.ac.nz/bitstream/handle/2292/53402/Arfianti-2020-thesis.pdf?sequence=1&isAllowed=y
https://researchspace.auckland.ac.nz/bitstream/handle/2292/53402/Arfianti-2020-thesis.pdf?sequence=1&isAllowed=y
https://biostor.org/reference/166548
https://revistas.unal.edu.co/index.php/gestion/article/view/39560
https://revistas.unal.edu.co/index.php/gestion/article/view/39560


798	 E. Mosquera et al.

1 3
Vol:. (1234567890)

Blowes SA, Supp SR, Antão LH, Bates A et  al (2019) The 
geography of biodiversity change in marine and terrestrial 
assemblages. Science 366:339–345

Branoff BL (2017) Quantifying the influence of urban land use 
on mangrove biology and ecology: a meta-analysis. Glob 
Ecol Biogeogr 26:1339–1356

Branoff BL, Martinuzzi S (2020) The structure and composi-
tion of Puerto Rico’s urban mangroves. Forests 11:1119

Brito TL, Campos AB, Bastiaan von Meijenfeldt FA et  al 
(2018) The gill-associated microbiome is the main source 
of wood plant polysaccharide hydrolases and secondary 
metabolite gene clusters in the mangrove shipworm Neo-
teredo reynei. PLoS ONE 13(11):e0200437

Brooks RA (2004) Discovery of Sphaeroma terebrans, a wood-
boring isopod, in the red mangrove, Rhizophora mangle, 
habitat of northern Florida Bay. Ambio 33:171–173

Çevik C, Özcan T, Gündoğdu S (2015) First record of the stri-
ate piddock Martesia striata (Linnaeus, 1758) (Mollusca: 
Bivalvia: Pholadidae) in the Mediterranean Sea. BioInva-
sions Rec 4:277–280. https://​doi.​org/​10.​3391/​bir.​2015.4.​4.​
08

Chakraborty SK (2019) Bioinvasion and environmental per-
turbation: Synergistic impact on coastal–mangrove eco-
systems of West Bengal, India. In: Impacts of invasive 
species on coastal environments. Springer, Cham, pp 
171–245

Clarke KR, Gorley RN (2006) PRIMER v6. User manual/tuto-
rial. Plymouth routine in mulitvariate ecological research. 
Plymouth Marine Laboratory

Cubit JD, Getter CD, Jackson JB et al (1987) An oil spill affect-
ing coral reefs and mangroves on the Caribbean coast of 
Panama. In: International oil spill conference. American 
Petroleum Institute, vol 1987, no 1, pp 401–406

Cuesta JA, Almón B, Pérez-Dieste J et al (2016) Role of ships’ 
hull fouling and tropicalization process on European car-
cinofauna: new records in Galician waters (NW Spain). 
Biol Invasions 18:619–630

DANE (2018) Estimaciones y proyecciones de la población. 
Bogotá: Departamento Administrativo Nacional deEs-
tadística (DANE). Available from: https://​www.​dane.​gov.​
co/​index.​php/​estad​istic​as-​por-​tema/​demog​rafia-​ypobl​
acion/​proye​ccion​es-​de-​pobla​cion

Demicheli Á, Verdi A (2018) First record of Apocorophium 
acutum (Chevreux, 1908)(Amphipoda, Corophiidae, 
Corophiinae) from Uruguay, with notes on the biology 
and distribution. Check List 14:1169–1173

Demopoulos AW, Smith CR (2010) Invasive mangroves alter 
macrofaunal community structure and facilitate opportun-
istic exotics. Mar Ecol Progr Ser 404:51–67

Diaz H, Conde JE (1989) Population Dynamics amd Life His-
tory of the Mangorve Tree crab Aratus Pisonii (Brachy-
ura. Grapsidae) in a Marine Environment. Bull Mar Sci 
45:48–163

Duke NC, Meynecke JO, Dittmann S et  al (2007) A world 
without mangroves? Science 317:41–42

Durán-Fuentes J, Gracia A, González-Muñoz R (2022) Sea 
anemones (Cnidaria, Anthozoa, Actiniaria) in high sedi-
mentation environments influenced by the Magdalena 
River (Colombian Caribbean). An Acad Bras Ciênc 94:1. 
https://​doi.​org/​10.​1590/​0001-​37652​02120​190862

Ehrenfeld JG, Schneider JP (1991) Chamaecyparis thyoides 
wetlands and suburbanization: effects on hydrology, water 
quality and plant community composition. J Applied Ecol 
28:467–490

Ellison AM, Farnsworth EJ (1992) The ecology of Belizean 
mangrove-root fouling communities: patterns of epibiont 
distribution and abundance, and effects on root growth. 
Hydrobiologia 247:87–98

Faeth SH, Bang C, Saari S (2011) Urban biodiversity: Patterns 
and mechanisms. Ann NY Acad Sci 1223:69–81. https://​
doi.​org/​10.​1111/j.​1749-​6632.​2010.​05925.x

Fagua JC, Ramsey RD (2019) Geospatial modeling of land 
cover change in the Chocó-Darien global ecoregion of 
South America; One of most biodiverse and rainy areas in 
the world. PLoS ONE 14:e0211324

Farnsworth EJ, Ellison AM (1996) Scale-dependent spatial and 
temporal variability in biogeography of mangrove root 
epibiont communities. Ecol Monogr 66:45–66

Faulkner S (2004) Urbanization impacts on the structure and 
function of forested wetlands. Urban Ecosyst 7:89–106. 
https://​doi.​org/​10.​1023/B:​UECO.​00000​36269.​56249.​66

Fernández-Rodríguez V, Londoño-Mesa MH, Ramírez-
Restrepo JJ (2016). Poliquetos de manglar rojo (Rhiz-
ophora mangle) y su relación con las condiciones acuáticas 
en el golfo de Urabá, Caribe Colombiano. ActaBiológica 
Colombiana, 21(3): 611

Fofonoff PW, Ruiz GM, Steves B, Carlton JT (2014) National 
Exotic Marine and Estuarine Species Information System 
(NEMESIS) available online at http://​invas​ions.​si.​edu/​
nemes​is. Accessed 4 June 2022

García JM, Correa JD (2006) Macroinvertebrados y peces 
asociados a las raíces sumergidas del Mangle Rojo (Rhiz-
ophora mangle) en las bahías Turbo y El Uno. Golfo de 
Urabá (Caribe Colombiano) BSc tesis, Universidad de 
Antioquia (Colombia)

Garcia JM, Palacio J (2008) Macroinvertebrados asociados 
a las raíces sumergidas del Mangle Rojo (Rhizophora 
mangle) en las bahías Turbo y El Uno. Golfo de Urabá 
(Caribe Colombiano). Gest Ambient (Colombia) 11:55–
56. Retrieved from: https://​revis​tas.​unal.​edu.​co/​index.​
php/​gesti​on/​artic​le/​view/​14020

Gaston KJ, Blackburn TM (2000) Macroecology. Blackwell 
Science, Oxford

Giménez-Delcamp M (2021) Incrustaciones biológicas en 
sustratos artificiales para la puesta de sepia en fondos 
arenosos: estructura de la biocenosis (Doctoral dis-
sertation) Universitat Politècnica de València, España. 
Retrieved from: https://​riunet.​upv.​es/​handle/​10251/​
176759

Glon H, Daly M, Carlton JT et  al (2020) Mediators of inva-
sions in the sea: life history strategies and dispersal vec-
tors facilitating global sea anemone introductions. Biol 
Inv 22:3195–3222

González-Lagos C, Cardador L, Sol D (2021) Invasion suc-
cess and tolerance to urbanization in birds. Ecography 
44:1642–1652

Gore RH, Grizzle RE (1974) Studies on decapod Crustacea 
from the Indian River region of Florida. III. Callinectes 
bocourti A. Milne Edwards, 1879 (Decapoda, Portuni-
dae) from the central east coast of Florida. Crustaceana 
27:306–308

https://doi.org/10.3391/bir.2015.4.4.08
https://doi.org/10.3391/bir.2015.4.4.08
https://www.dane.gov.co/index.php/estadisticas-por-tema/demografia-ypoblacion/proyecciones-de-poblacion
https://www.dane.gov.co/index.php/estadisticas-por-tema/demografia-ypoblacion/proyecciones-de-poblacion
https://www.dane.gov.co/index.php/estadisticas-por-tema/demografia-ypoblacion/proyecciones-de-poblacion
https://doi.org/10.1590/0001-3765202120190862
https://doi.org/10.1111/j.1749-6632.2010.05925.x
https://doi.org/10.1111/j.1749-6632.2010.05925.x
https://doi.org/10.1023/B:UECO.0000036269.56249.66
http://invasions.si.edu/nemesis
http://invasions.si.edu/nemesis
https://revistas.unal.edu.co/index.php/gestion/article/view/14020
https://revistas.unal.edu.co/index.php/gestion/article/view/14020
https://riunet.upv.es/handle/10251/176759
https://riunet.upv.es/handle/10251/176759


799Are urban mangroves emerging hotspots of non‑indigenous species? A study on the dynamics of…

1 3
Vol.: (0123456789)

Gosner K (1978) A field guide to the Atlantic seashore: inver-
tebrates and seaweeds of the Atlantic coast from the Bay 
of Fundy to Cape Hatteras. Houghton Mifflin Co., Boston

Guerra-Castro E, Cruz-Motta JJ, Conde JE (2011) Cuantifi-
cación de la diversidad de especies incrustantes asocia-
das a las raíces de Rhizophora mangle L. en el Parque 
Nacional Laguna de la Restinga. Interciencia (venezuela) 
36:923–930

Harrison AD, Rankin JJ (1978) Hydrobiological studies of 
Eastern Lesser Antillean Islands. III. St. Vincent: Fresh-
water mollusca-their distribution, population dynamics 
and biology. Archiv Fur Hydrobiologie, Monographische 
Beitrage 54:123–188

Hay ME, Parker JD, Burkepile DE, Caudill CC et  al (2004) 
Mutualisms and aquatic community structure: the enemy 
of my enemy is my friend. Annu Rev Ecol Evol Syst 
35:175–197

Hemández-Alcántara P, Solís-Weiss V (1995) Algunas comu-
nidades macrobénticas asociadas al manglar (Rhizophora 
mangle) en laguna de Términos, Golfo de México. Rev 
Biol Trop 43:117–129

Hossain MB, Hughes LE (2016) New species Victoriopisa 
bruneiensis and Apocorophium acutum (Chevreux, 
1908) from Brunei (Crustacea: Peracarida: Amphipoda). 
Zootaxa, 4117:375–386. https://​doi.​org/​10.​11646/​zoota​xa.​
4117.3.5

Kaplan EH (1988) A field guide to southeastern and Caribbean 
seashores: Cape Hatteras to the Gulf coast, Florida, and 
the Caribbean. Houghton Mifflin Co., Boston

Lockwood JL, Hoopes MF, Marchetti MP (2013) Invasion 
ecology. Wiley, New York

Lucas E, de la Cruz-Francisco D (2018) Macroflora y mac-
rofauna asociada a las raíces sumergidas de Rhizophora 
mangle (Rhizophoraceae), en la laguna Tampamachoco, 
Veracruz, México. Rev Col Cien Anim 10:31–42

Magurran AE, Henderson PA (2003) Explaining the excess of 
rare species in natural species abundance distributions. 
Nature 422(6933):714–716

Mancinelli G, Bardelli R, Zenetos A (2021) A global occur-
rence database of the Atlantic blue crab Callinectes 
sapidus. Scientific Data 8:1–10

McCann LD, Hitchcock NG, Winston JE, Ruiz GM (2007) 
Non-native bryozoans in coastal embayments of the 
southern United States: new records for the western 
Atlantic. Bull Mar Sci 80:319–342

McKinney ML, Lockwood JL (1999) Biotic homogenization: 
a few winners replacing many losers in the next mass 
extinction. Trends Ecol Evol 14:450–453

Melo GAS (1996) Manual de identificação dos brachyura 
(caranguejos e siris) do litoral brasileiro. Museu de Zoo-
logia, Universidade de São Paulo, Editora Plêiade, São 
Paulo, p 604p

Millennium Ecosystem Assessment (2005) Ecosystems and 
Human Well-Being: Current State and Trends: Find-
ings of the Condition and Trends Working Group, Island 
Press

Miloslavich P, Díaz JM, Klein E et al (2010) Marine biodi-
versity in the Caribbean: regional estimates and distri-
bution patterns. PLoS ONE 5:e11916

Molina G (2017) Malacofauna y Carcinofauna asociada 
a Rhizophora mangle (L. 1753) en un estuario: río 

Ranchería, La Guajira, Colombia. Posgrado y Sociedad 
15:27–38. https://​doi.​org/​10.​22458/​rpys.​v15i1.​1823

Molnar JL, Gamboa RL, Revenga C, Spalding MD (2008) 
Assessing the global threat of invasive species to marine 
biodiversity. Front Ecol Environ 6:485–492. https://​doi.​
org/​10.​1890/​070064

Myers G (2021) Urbanisation in the Global South. In: Shack-
leton CM, Cilliers SS, Davoren E, duToit MJ (eds) 
Urban ecology in the Global South. Springer, Cham, pp 
27–49

Neves CS, Rocha RMD (2008) Introduced and cryptogenic 
species and their management in Paranaguá Bay, Brazil. 
Braz Arch Biol Technol 51:623–633

Nichols AR (1898) A list of the marine mollusca of Ireland. 
Proc R Ir Acad 5:477–662. Retrieved from: https://​www.​
jstor.​org/​stable/​20490​561

Odum EP (1985) Trends expected in stressed ecosystems. Bio-
science 35:419–422

Oresanz JM, Schwindt E, Pastorino G et al (2002) No longer 
the pristine confines of the world ocean: a survey of exotic 
marine species in the southwestern Atlantic. Biol Inv 
4:115–143

Ortiz M (2010) Marine Biodiversity in the Caribbean: Regional 
Estimates and Distribution Patterns. PLoS ONE 5:e11916

Ortiz LF, Blanco JF (2012) Distribution of the mangrove gas-
tropods Neritina virginea (Neritidae) and Littoraria angu-
lifera (Littorinidae) within the Colombian Caribbean 
Darién Ecoregion. Rev Biol Trop 60:219–232

Paquin LJ, Bourgeois B, Pellerin S, Alard D et al (2021) Native 
plant turnover and limited exotic spread explain swamp 
biotic differentiation with urbanization. Appl Veg Sci 
24:e12550

Pimm SL, Raven P (2000) Biodiversity: extinction by numbers. 
Nature 403:843–845

Poupin J, Davie PJF, Cexus JC (2005) A revision of the genus 
Pachygrapsus Randall, 1840 (Crustacea: Decapoda: 
Brachyura, Grapsidae), with special reference to the 
Southwest Pacific species. Zootaxa 1015:1–66

Rampersad JN, Ammons DR (1992) Production of Crassostrea 
rhizophorae (Guilding) spat from hatchery-reared larvae. 
Aquaculture 106(3–4):253–260

Ray GL (2005) Invasive Marine and Estuarine Animals of the 
Gulf of Mexico. Technical Report ERDC/TN ANSRP-
05–4, U.S. Vicksburg, MS: Army Engineer Research and 
Development Center

Read G, Fauchald K (2021) World Polychaeta database. http://​
www.​marin​espec​ies.​org/​polyc​haeta/​aphia.​php?p=​taxde​
tails​&​id=​330809 on 2022–01–13. Accessed 12 December 
2021

Reid DG, Dyal P, Williams ST (2010) Global diversifica-
tion of mangrove fauna: a molecular phylogeny of Lit-
toraria (Gastropoda: Littorinidae). Mol Phylogenet Evol 
55:185–201

Riascos JM, Blanco-Libreros JF (2019) Pervasively high man-
grove productivity in a major tropical delta throughout 
an ENSO cycle (Southern Caribbean, Colombia). Estuar 
Coast Shelf Sci 227:106301

Ricciardi A, Lacarella JC, Aldridge DC, Blackburn TM 
et  al (2021) Four priority areas to advance invasion sci-
ence in the face of rapid environmental change. Env Rev 
29:119–141

https://doi.org/10.11646/zootaxa.4117.3.5
https://doi.org/10.11646/zootaxa.4117.3.5
https://doi.org/10.22458/rpys.v15i1.1823
https://doi.org/10.1890/070064
https://doi.org/10.1890/070064
https://www.jstor.org/stable/20490561
https://www.jstor.org/stable/20490561
http://www.marinespecies.org/polychaeta/aphia.php?p=taxdetails&id=330809
http://www.marinespecies.org/polychaeta/aphia.php?p=taxdetails&id=330809
http://www.marinespecies.org/polychaeta/aphia.php?p=taxdetails&id=330809


800	 E. Mosquera et al.

1 3
Vol:. (1234567890)

Rius M, Ahyong S, Costello MJ et al (2021) World Register of 
Introduced Marine Species (WRiMS). https://​www.​marin​
espec​ies.​org/​intro​duced 2021 Nov 17. https://​doi.​org/​10.​
14284/​347 Accessed 24 Dec 2021

Ruiz M, López-Portillo J (2014) Variación espacio-temporal 
de la comunidad de macroinvertebrados epibiontes en 
las raíces del mangle rojo Rhizophora mangle (Rhiz-
ophoraceae) en la laguna costera de La Mancha, Veracruz, 
México. Rev Biol Trop 62:309–1330

Rumbold CE, Obenat SM, Spivak ED (2015) Comparison of 
life history traits of Tanais dulongii (Tanaidacea: Tanaidi-
dae) in natural and artificial marine environments of the 
south-western Atlantic. Helgoland Mar Res 69:231–242

Sala OE, Stuart Chapin F, Armesto JJ et  al (2000) Global 
biodiversity scenarios for the year 2100. Science 
287:1770–1774

Santana Marques P, Resende Manna L, Clara Frauendorf T, 
Zandonà E, Mazzoni R, El-Sabaawi R (2020) Urbaniza-
tion can increase the invasive potential of alien species. J 
Anim Ecol 89:2345–2355

Schwindt E, Carlton JT, Orensanz JM et  al (2020) Past and 
future of the marine bioinvasions along the Southwestern 
Atlantic. Aquat Invasions 15:11–29

Seto KC, Gûneralp B, Hutyra LR (2012) Global forecasts 
of urban expansion to 2030 and direct impacts on bio-
diversity and carbon pools. Proc Natl Acad Sci USA 
109:16083–16088. https://​doi.​org/​10.​1073/​pnas.​12116​
58109

Severeyn HJ, Garcia Y, Ewald JJ (1994) Taxonomic revision 
of Polymesoda solida (Philippi 1846) (Bivalvia: Corbicu-
lidae), a new name for Polymesoda arctata, the estuarine 
clam of Lake Maracaibo and other estuaries of the tropical 
Atlantic coasts of America. Ciencia (venezuela) 2:53–65

Shackleton CM, Cilliers SS, du Toit MJ et al (2021) The need 
for an urban ecology of the Global South. In: Shackleton 
CM, Cilliers SS, Davoren E, duToit MJ (eds) Urban ecol-
ogy in the Global South. Springer, Cham, pp 1–26

Somerfield PJ, Clarke KR, Gorley RN (2021) Analysis of 
similarities (ANOSIM) for 2-way layouts using a gen-
eralised ANOSIM statistic with comparative notes on 
Permutational Multivariate Analysis of Variance (PER-
MANOVA). Austral Ecol 46:911–926

Swan BK, Watts JM, Reifel KM et al (2007) Role of the poly-
chaete Neanthes succinea in phosphorus regeneration 
from sediments in the Salton Sea, California. Hydrobio-
logia 576:111–125

Tan KS, Tay T (2018) The invasive Caribbean Mytilopsis sal-
lei (Bivalvia: Dreissenidae): a short review. ASEAN J 
Sci Techn Develop 35(1–2):133–139. https://​doi.​org/​10.​
29037/​ajstd.​483

Teixeira LMP, Creed JC (2020) A decade on: an updated 
assessment of the status of marine non-indigenous species 
in Brazil. Aquat Invasions 15(1):30–43. https://​doi.​org/​10.​
3391/​ai.​2020.​15.1.​03

Tunnell KD, Withers K (2009) Macrofauna associate with 
ungrounded prop roots of Rhizophora mangle in Veracruz 
and Quintana Roo, Mexico. Gulf Caribb Res 21:67–72. 
https://​doi.​org/​10.​18785/​gcr.​2101.​08

Urrego LE, Molina EC, Suárez JA (2014) Environmental and 
anthropogenic influences on the distribution, structure, 
and floristic composition of mangrove forests of the Gulf 
of Urabá (Colombian Caribbean). Aquat Bot 114:42–49

Valencia-Palacios AM, Blanco-Libreros JF (2021) Mangroves 
of Colombia 2019-2020. [in Spanish: Manglares de 
Colombia 2019-2020]. Harvard Dataverse, V2, 10.7910/
DVN/SJ2S0H

Vermeij GJ, Rosenberg G (1993) Giving and receiving: the 
tropical Atlantic as donor and recipient region for invad-
ing species. Am Malacol Bull 10:181–194

Vilardy S, Polania J (2002) Mollusc fauna of the mangrove 
root-fouling community at the Colombian Archipelago 
of San Andrés and Old Providence. Wetl Ecol Manag 
10:273–282

Wildsmith MD, Rose TH, Potter IC, Warwick RM, Clarke 
KR, Valesini FJ (2009) Changes in the benthic macroin-
vertebrate fauna of a large microtidal estuary following 
extreme modifications aimed at reducing eutrophication. 
Mar Pollut Bull 58:1250–1262

Winfield I, Cházaro-Olvera S, Ortiz M et al (2011) Lista actu-
alizada de las especies de anfípodos (Peracarida: Gam-
maridea y Corophiidea) marinos invasores en México. 
Rev Biol Mar Oceanogr 46:349–361. https://​doi.​org/​10.​
4067/​S0718-​19572​01100​03000​06

Publisher’s Note  Springer Nature remains neutral with regard 
to jurisdictional claims in published maps and institutional 
affiliations.

https://www.marinespecies.org/introduced
https://www.marinespecies.org/introduced
https://doi.org/10.14284/347
https://doi.org/10.14284/347
https://doi.org/10.1073/pnas.1211658109
https://doi.org/10.1073/pnas.1211658109
https://doi.org/10.29037/ajstd.483
https://doi.org/10.29037/ajstd.483
https://doi.org/10.3391/ai.2020.15.1.03
https://doi.org/10.3391/ai.2020.15.1.03
https://doi.org/10.18785/gcr.2101.08
https://doi.org/10.4067/S0718-19572011000300006
https://doi.org/10.4067/S0718-19572011000300006

	Are urban mangroves emerging hotspots of non-indigenous species? A study on the dynamics of macrobenthic fouling communities in fringing red mangrove prop roots
	Abstract 
	Resumen 
	Introduction
	Materials and methods
	Study area
	Field work
	Data analysis

	Results
	Discussion
	Acknowledgements 
	References




