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Abstract

Limnoperna fortunei, a problematic freshwater invasive mussel in South America, was first detected in 1991 at Bagliardi
Beach, Rio de la Plata (Argentina). Since then, there has been a high increase in population density, reaching up to 150,000
ind. m~2. The distribution, density, individual sizes, and associated mollusk assemblages of L. fortunei were evaluated
30 years after its first detection. Seven sites along Rio de la Plata River were sampled between 2018 and 2020. The highest
density was recorded in the La Balandra Beach (above the stabilization value) and the lowest density in the Martin Garcia
Island (IMG—by its acronym in Spanish—, below the stabilization value). Two reproductive events were observed: late
spring and late summer. Our results showed different sets of species associated with Limnoperna fortunei, with protected
areas such as the IMG standing out, showing greater species richness, including first records, versus other coastal environ-
ments. We recommend increasing conservation efforts given the constant advance of urbanization in the coastal sites of the
province of Buenos Aires, with environmental impact studies prior to coastal reforms, and implementation of density control
strategies for Limnoperna fortunei in protected areas.
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Introduction 1993, 2004). Since its first record for America, at Bagliardi

Beach (Rio de la Plata River, Buenos Aires, Argentina), this

Limnoperna fortunei (Dunker, 1857), or golden mussel, is a
problematic invasive freshwater bivalve, which was detected
in the Rio de la Plata River in 1991 originating from South-
east Asia (Pastorino et al. 1993). It presents an epifaunal
way of life, atypical for freshwater bivalves of the Neo-
tropical Region, with the presence of a byssus, and a high
reproductive and adaptive power (Darrigran and Pastorino
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bivalve has significantly dispersed towards the north of the
continent, towards a more tropical climate, even in uncon-
nected basins (Guaiba and San Francisco basins—Brazil—,
Coérdoba and Tucuman provinces—Argentina—) (Darrigran
et al. 2020). When it was first detected in the Rio de la Plata
River, the density of L. fortunei was 4-5 ind. m~2 (Darrigran
and Pastorino 1993; Darrigran 2000). Density peaked at the
same location in 1995 at~ 150,000 ind. m~2, later stabilizing
at~40,000 ind. m~2 (Darrigran et al. 2003).

Limnoperna fortunei is considered an ecosystem engineer
due to the changes it produces in the environment (Darri-
gran and Damborenea 2011). The economic impacts include
macrofouling; easy invasion of water transfer tunnels where
they adhere to tunnel walls and structures with high density,
resulting in biofouling, pipe clogging, and structure corro-
sion (Darrigran and Damborenea 2005, 2011; Darrigran
et al. 2007; Xu et al. 2015). In Argentina, it is estimated that
the control cost for water treatment systems for domestic
use and thermoelectric plants caused by L. fortunei annu-
ally amounts to US$1,600,000 and US$89,200. respectively
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(Zilio 2019). The economic impacts in Brazil were esti-
mated at approximately US$10,000,000 per year (Adelino
et al. 2021). For this reason, many studies (laboratory and
field) have been carried out on this species. Among these,
such asgrowth (Marofias et al. 2003), densities (Darrigran
et al. 1998), population size (Bonel et al. 2013; Musin et al.
2015), reproductive pattern (Giglio et al. 2016), ecosystem
impacts (e.g., on phytoplankton, associated macroinverte-
brates, nutrient cycling) (Boltovskoy et al. 2009; Darrigran
and Damborenea 2011; Cataldo et al. 2012), predation by
fishes (Penchaszadeh et al. 2000; Cataldo et al. 2002; Silva
et al. 2020), gene flow (Ludwig et al. 2020) or microplastics
ingestion (Pazos et al. 2020) have been previously published.

Reproductive events in Bagliardi beach since introduction
has shown different patterns. After 2 years, five spawning
events per year were detected (September—October, Decem-
ber—January, May-July, April-June, and October—Novem-
ber, Darrigran et al. 1999); at 5 years, three annual cohorts
are detected (corresponding to three spawning events:
November, January, and June; Marofias et al., 2003); at
10 years, four reproductive events (September—October, Feb-
ruary—March, longer and more intense, July—August of lesser
importance, and October—December; Darrigran et al. 2003).
In other basins where it has invaded, Guaiba Lake, Brazil,
Limnoperna fortunei, 2-3 years after its detection at that
site, obtained the same spawning pattern as those recorded
at Bagliardi beach for the same five spawning periods with
different intensities (January—March longer; May—June and
July—August more intense spawning; April-May and Octo-
ber—November less intense).

Despite causing damage to human facilities by macro-
fouling as mentioned above, impacts on other mollusks in
natural environments have shown different results. The pres-
ence of L. fortunei on native and non-native bivalves (e.g.,
Anodontites spp., Diplodon spp., Leila sp., and Corbicula
spp.) and gastropods (e.g., Pomacea canaliculata) impede
the closure of their valves or operculum, burial, and leav-
ing them exposed to predation (Darrigran and Escurra de
Drago 2000; Mansur et al. 2003). Studies carried out on
macroinvertebrates associated with this invasive bivalve
demonstrated the displacement of native mollusks (Uncan-
cylus concentricus and Chilina fluminea) in favor of other
native invertebrates such as annelids, crustaceans, insect
larvae and nematodes (Darrigran et al. 1998). Experiments
carried out in the field (Darrigran et al. 1998) and in the
laboratory (Sylvester et al. 2007) showed that L. fortunei has
a positive effect on the abundance of the gastropod Heleobia
piscium (d’Orbigny 1835), showing an increase of 80%. On
the other hand, Duchini et al. (2018) indicated that areas
with L. fortunei favor the proliferation of other invertebrates
(even gastropods), but without concluding whether this
result increases or decreases their diversity. Instead, Ferraz
et al. (2021) indicated for some lakes in southern Brazil that
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the presence of L. fortunei has been positive in non-native
species, while negative in native species.

The objective of this work was to evaluate, in different
sites of the Rio de la Plata (Argentina), the distribution,
density and possible dates of recruitment by season of Lim-
noperna fortunei after 30 years of introduction. Likewise, to
evaluate if there is evidence that Limnoperna fortunei nega-
tively affects the presence and density of native gastropods.

Materials and methods

Seven sites on the Argentine coast of the Rio de la Plata
River were analyzed, from the source to the mouth (Fig. 1):

a. Martin Garcia Island IMG) (34°10'57"S, 58°15'00"W):
located in the internal area of the Rio de la Plata, at the
mouth of the Uruguay and Parana rivers. It was declared
a Multiple Use Nature Reserve in 1998. The north-east-
south coast of the island is characterized by having a
substrate made up of alternating spaces of rocks, reeds
and small sandy beaches. The north-west-south coast of
the island has a greater influence from the Parana River
and is characterized by alternate substrates of rushes and
sandy-silty areas.

b. Anchorena Beach (ANC) (34°29'10"S, 58°28'49"W):
located in the internal area of the Rio de la Plata. Urban
area, with the natural substrate of the river, is “caliche”
(compacted silt), which is being replaced by unnatural
sandy beaches. Presents artificial substrates such as
debris retained in a metal mesh.

c. Natural Reserve Punta Lara (RNPL) (34°46'49"S,
58°00'56"W): located in the middle zone of the Rio de
la Plata. It has the most important protected area for the
region. The sampling site was close to the mouth of the
Boca Cerrada stream, on an artificial substrate (rubble
and wall remain).

d. Bagliardi Beach (BAG) (34°55'36"S, 57°43'23"W):
located in the middle zone of the Rio de la Plata. It is the
site where Limnoperna fortunei was first detected. The
area is characterized by an extensive beach, which has
an elevated area with artificial rocks (which were part
of a wall), where pools are formed that are submerged
with high tides. It is located 1 km south of sewerage.

e. La Balandra Beach (BAL) (34°52'29"S, 57°48"26"W):
located within the middle zone of the Rio de la Plata. It
is the widest beach in the region, and it has a large sandy
substratum and an area with a collapsed retaining wall
where the specimens were collected. It is located about
10 km south of the previous site (BAG), with less sew-
age pollution.
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Fig. 1 Sites sampled on the Buenos Aires coast of the Rio de la Plata e La Balandra Beach (BAL); f “El Destino” Private Nature Reserve
River. a Martin Garcia Island (IMG); b Anchorena Beach (ANC); (RNPED); g Punta Piedras Beach (PP)
¢ Natural Reserve Punta Lara (RNPL); d Bagliardi Beach (BAG);
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f. “El Destino” Private Nature Reserve (RNPED)
(35°0727"S, 57°22'55"W): located in the middle zone
of the Rio de la Plata. The substratum of the coast is
sandy, with reed beds, ceiba trees and willow trees. Sam-
pling was carried out on the river coast, branches and
other hard substrates.

g. Punta Piedras Beach (PP) (35°21'19"S, 57°1026"W):
located in the middle zone of the Rio de la Plata, but
with great influence from the external zone; that is, it
receives marine influence and salinity is higher than in
the other sampled sites. The coast is made up of silt to
clay substrate at the surface, becoming sandier at depth.
Sampling was carried out on a transect perpendicular to
the coastline.

Sampling was carried out from autumn 2018 to sum-
mer 2020 (one per season, at each sampling site), during
the downspout of the river (approximately 0.30 m or less),
considering the winds (www.windguru.cz) and the tidal pre-
dictions (www.hidro.gov.ar). Due to the heights of the tides
during the IMG campaigns, sampling was carried out only in
the autumn and winter seasons. The samples were taken on a
natural hard substrate (basalt in the IMG, and heterogeneous
substratum called “caliche”) or artificial hard substrate (e.g.,
walls, groynes) with a 10 X 10 cm square with the help of
a spatula (three squares per site per sampling, those values
were extrapolated to ind. m~2). The squares were located
randomly in easily accessible areas and where the invasive
bivalve was found. The PP site was not considered in the
analysis because the presence of individuals was too low
to carry out the sampling, but it was considered as the most
external presence of this bivalve in the Rio de la Plata.

For identification of mollusks, they were relaxed with
menthol crystals for 10 h, and then fixed with 70% etha-
nol. All mollusks in each square were counted and the L.
fortunei specimens were also separated in size intervals of
5 mm (S1: 0.0-0.5 cm; S2: 0.5-1.0 cm; S3: 1.0-1.5 cm;
S4:1.5-2.0 cm; S5: 2.0-2.5 cm; S6: 2.5-3.0 cm), then the
density was calculated (D =number of ind. m~2). We per-
formed generalized linear models (GLM) for analysis of the
data. All models were first fitted with a Gaussian error dis-
tribution and the residuals were tested for normality using
a Shapiro—Wilk test. In all models, the data used were the
density of the specimens recorded.

a  Density of L. fortunei: We used GLM with Gamma error
distribution (link: inverse) for the mean density of L.
fortunei recorded (response variable) and the predictor
variables were Sites with five levels IMG, ANC, RNPL,
BAG, and BAL) and Dates with four levels (autumn,
winter, spring, and summer).
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b Limnoperna fortunei sizes: in this case, we used GLM
with Negative Binomial error distribution (link: log)
for the analysis of the mean density in each size class
(response variable). We performed one model for each
size class separately. In all models, the predictor vari-
ables were Sites and Dates like in the previous analysis.

¢ Associated mollusks: in these analyses, we used GLM
and for each species, the distribution used was the most
suited to each response variable.

Models with all possible combinations of predictor vari-
ables were considered in all three analyses (a, b, and c),
including the null model. We evaluated the models using
the Akaike Information Criterion corrected for small sam-
ple size (AICc) and model comparisons were made with
AQAICc, which is the difference between the lowest QAICc
value (i.e., best of suitable models) and QAICc from all
other models (Burnham and Anderson 2002). Once the best
model was selected for each response variable, a multiple
comparison test (Tukey’s test) was performed to determine
differences between different levels of the predictor vari-
ables. Statistical analyses were carried out with R (version
4.0.2, R Core Team, 2020) and RStudio (version 1.3.1056, R
Core Team, 2020) software. The following R packages were
used: Ime4 (Bates et al. 2015); MASS (Venables and Ripley
2002); MuMIn (Barton 2020); multicmp (Sellers et al. 2018)
and multcomp (Hothorn et al. 2008).

Results

Limnoperna fortunei was found in six of the seven sites
(RNPE was the only site without L. fortunei, and in PP the
density was very low). Since all model residuals were not
normally distributed (Shapiro test: P <0.01), they were
refitted using alternative distributions more suited to each
response variable. The total mean density recorded was
40,175 ind. m~2. The highest density value found was in
BAL, while the lowest density was recorded in IMG. The
GLM results only showed differences between sampling
sites (Tables 1, 2). Regarding different size classes, the size
with the highest densities was S2, while the size with the
lowest densities was S6. No individuals larger than 3 cm
were found at any of the sites (Fig. 2; Tables 1, 2).

The GLM results showed that the densities of specimens
belonging to S1 were significantly higher in autumn (Z =
-3.67, P=0.001) and summer (Z = 3.93; P<0.001) than
in spring (Fig. 2, Table 2). The S3 analysis showed that the
densities of specimens of this size class were significantly
higher in spring than in summer (Z = -2.63; P=0.042).
Regarding the S5 analysis, the best model was the null
model, which showed that the variables Sites and Dates were
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Table 1 Mean and standard deviation () of total and each study site densities (ind. m~2) of Limnoperna fortunei on the Buenos Aires coast of
the Rio de la Plata River from the innermost site to the outermost

Site Limnoperna fortunei  S1 S2 S3 S4 S5 S6
Total 40,175 10,225 14,859 9,382 4,140 1,458 111
(+34,004) (+15,922) (+17,076) (+7.161) (+3,134) (+1,618) (+307)
IMG 12,187 1,653 1,740 3,473 2,553 2,420 347
(£9,379)* (+2,867)" (2,370) (+3,631)" (1,595)" (2,410 (+617)
ANC 19,414 2,295 4,862 6,752 3,976 1,443 86
(+7,816)* (+2,550) (+3,770)° (+4,498)>" (+2,812)~" (+1,533) (+182)*¢
RNPL 60,483 16,600 22,228 1,4206 6,128 1,233 89
(£24,658)>° (x13,016)>°¢ (+17,159)° (+7,160)° (2,989)° (% 1,346)* (x181)>¢
BAG 36,200 7,160 17,627 8,207 2,460 740 7
(+19,140)° (+10,398)*° (+10,285)° (+5,676)* ¢ (+1,953) (+812) (+26)°
BAL 79,450 26,393 31,471 14,714 5,329 1,507 36
(+45,439)° (+26,593)° (+23,899)° (+7,778)>¢ (+4,251)>" (+1,350) (+74)>¢

Model selected  Site Site + Date Site Site + Date Site Null Site * Date

The mean and standard deviation (+) of each size density are also shown. The model selected for each response variable are specify and the
same letter (a, b, ¢) indicates group membership according to the multiple comparison test (p <0.05)

IMG Martin Garcia Island, ANC Anchorena Beach, RNPL Natural Reserve Punta Lara, BAG Bagliardi Beach, BAL La Balandra Beach. S1:
0.0-0.5 cm; S2: 0.5-1.0 cm; S3: 1.0-1.5 cm; S4: 1.5-2.0 cm; S5: 2.0-2.5 cm; S6: 2.5-3.0 cm

Table 2 Mean and standard deviation (+) of the total densities (ind. m~2) of Limnoperna fortunei for the analysis of dates on the Buenos Aires
coast of the Rio de la Plata River

Date Limnoperna fortunei ~ S1 S2 S3 S4 S5 S6
Autumn 49,854 14,262 21,117 9,012 3,917 1,492 54
(£41,906)* (+21,257)* (£22,843)? (£6,401)> ¢ (£2,915)* (£2,174)* (£172)*
Winter 28,362 5,359 9,952 7,524 3,831 1,493 203
(£31,724)* (+10,349)>° (£14,692)* (+7,699) ¢ (£3,340)* (£1,219)* (£465)*
Spring 39,293 4,393 12,500 16,071 5,279 1,014 36
(£19,446)* (+4,749)° (£10,552)* (£6,965)° (£4,197)* (£1,454)* (£134)*
Summer 47,837 18,094 16,431 7,450 4,037 1,731 94
(£30,645)* (£17,431)* (£13,323)* (£3,490)° (£1,759)* (£1,479)* (£157)*

The mean and standard deviation (+) of each size density are also shown. The model selected for each response variable is specified and the
same letter (a, b, c¢) indicates group membership according to the multiple comparison test (p <0.05). S1: 0.0-0.5 cm; S2: 0.5-1.0 cm; S3: 1.0-
1.5 cm; S4: 1.5-2.0 cm; S5: 2.0-2.5 cm; S6: 2.5-3.0 cm

poor descriptors for the density in S5. Finally, no significant
differences were found between the climate seasons of the
year in S2, S4 and S6.

During the study, at least five species of mollusks were
found associated with specimens of L. fortunei. Heleobia
piscium and Corbicula fluminea Miiller, 1774 (the latter
is a non-native species) were recorded at all sites except
IMG (Table 3). The genera Potamolithus, Chilina and Ani-
sancylus, associated with L. fortunei, were only recorded
in the IMG, and for that reason, they were not included in
the statistical analyses. The GLM showed that there were
no significant differences in the densities of Corbicula flu-
minea in the different sampled sites (model with Gamma
error distribution and function link identity). The densities
of Heleobia piscium in BAL are significantly higher than in
ANC (Z =3.15; P=0.010) and BAG (Z =2.74; P=0.037)
(model with Negative Binomial error distribution and func-
tional link log).

Discussion

The results of this work show that the total mean density of
Limnoperna fortunei (including all the sampled sites), after
30 years of invasion in the Rio de la Plata River, is 40,000
ind. m™, stabilization value found by Darrigran et al. (2003)
after 10 years of the introduction. However, there is varia-
tion in densities and absences in different sites considered,
which must be governed by environmental patterns such as:

— Lack of hard substrate to settle the population. The
RNPED site was the only one where L. fortunei was not
found, this could be because the density of the bivalve
is too low due to the lack of available hard substrate to
adhere to.

— Pollution and alteration of the environment. According
to Bonel et al. (2013), contamination affects the growth
and weight of L. fortunei. Specifically, at the ANC site,
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Fig.2 Mean density, expressed in Log, of Limnoperna fortunei sizes
at the different sites. a Martin Garcia Island (IMG); b Anchorena
Beach (ANC); ¢ Natural Reserve Punta Lara (RNPL); d Bagliardi
Beach (BAG); e La Balandra Beach (BAL). Blackline: mean water
temperature and standard deviation

a low density of Limnoperna fortunei was found. This
site is one of the most impacted on the Argentine coast
of the Rio de la Plata, due to its proximity to the city with
the highest density of inhabitants in Argentina, Buenos
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Aires. In ANC the natural hard substrate, compact silt-
sand, (caliche) has been decreasing since the early 1990s
due to works carried out to expand land the Rio de la
Plata River (Bryan, common. pers.).

— Combination of physical-chemical factors of the water.
At the IMG site, a low density of Limnoperna fortu-
nei was found. This site has an abundant natural hard
substrate of basaltic rocks, where L. fortunei sits on the
lateral margins. However, here the density is the low-
est, compared to the rest of the sampled sites. The IMG
receives greater influence from the Uruguay River, and
the dispersion of said bivalve by the Uruguay River has
been slower than by the Parani River (Darrigran and
Pastorino2004; Boltovskoy et al. 2006; Oliveira et al.
2015). A combination of physicochemical factors in the
Uruguay River water is likely limiting for L. fortunei. For
example, the concentration of Ca** is one of the most
important factors for the growth of freshwater mollusk
populations (Martins-Silva and Barros 2001). Likewise,
to maintain a normal aquatic biota, the minimum con-
centration of calcium carbonate is 20 mg.L™! (Bain and
Stevenson 1999). The Uruguay River on the Argentine
coast rarely reaches these minimum values (Darrigran
et al. 2012). Although the minimum Ca** concentration
mentioned in the literature for the growth of L. fortu-
nei populations ranges between 1 mg.L™! (Oliveira et al.
2010) and 3.96 mg.L™! (Darrigran 2002), it is probable
that in combination with one or more other factors it is
also limiting for this species.

— Predation by fish. Recently, Silva et al. (2020) carried out
field studies, with the presence and absence of predatory
fish, where they suggest that in the face of predation by
fish, L. fortunei is distributed in margins or cavities of
rocks and hard substrates, coinciding with the distribu-
tion observed in IMG.

High densities of Limnoperna fortunei were found at the
intermediate sites (RNPL, BAG, and BAL). These interme-
diate sites presented the same type of substrate (artificial
hard substrate—wall—), which is restricted to the coastline
in the form of isolated patches. This type of substrate is the
most favorable for the settlement of L. fortunei and in which
it was recorded for the first time in Argentina (Pastorino
et al. 1993). However, in BAG, the density of L. fortunei
recorded was lower than in the other two sites. This could be
since this site presents greater contamination due to sewage
drains that are discharged 900 m to the north by the Rio de
la Plata River (Pazos et al. 2020).

Regarding the reproductive pattern, a continuous repro-
duction has been reported for the Plata basin, but with
marked gonadal evacuations in certain months: Septem-
ber—October (early spring), December—January (early sum-
mer), May—June (autumn), and April-May (early autumn)
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Table 3 Mean and standard
deviation () of associated

Site Heleobia piscium Anisancylus sp. Potamolithus buschii

Chilina fluminea Corbicula fluminea

mollusks with Limnoperna MG 0 26
fortunei in the Buenos Aires
coast of tbe Rio de la. Plata ANC 76 0
from the innermost site to the a
(£327)
outermost
RNPL 828 0
(£1,810)*°
BAG 100 0
(£224)*
BAL 4,786 0
(x12,075)°

(£103)

213 27 0
(+450) (+103)
0 0 48
(£60)*
0 0 11
(+32)*
0 0 13
(£52)*
0 0 57
(= 140)*

The model selected for each response variable is specified and the same letter (a, b) indicates group mem-
bership according to the multiple comparison test (P <0.05)

IMG Martin Garcia Island, ANC Anchorena Beach, RNPL Natural Reserve Punta Lara, BAG Bagliardi

Beach, BAL La Balandra Beach

(Darrigran et al. 1999). Cataldo and Boltovskoy (2000)
conclude that L. fortunei reproduces continuously between
August and April. The fixation time of the larvae in warm
waters of the Rio de la Plata River ranges from 15 to 20 days
(Cataldo 2015). On the Rio de la Plata, the presence of more
than one cohort has been recorded for L. fortunei throughout
the year (Marofias et al. 2003; Darrigran et al. 2011; Bonel
et al. 2013; among others). In general, these cohorts occur
in the same period that is recorded in the present work. It
was found that the increase of the densities of sizes S1 and
S2 in the sampling sizes could indicate two reproductive
events: one at the end of spring and the other one at the end
of summer. Although in the IMG it is not possible to take
sampling in all the climatic stations, we can infer repro-
ductive events like the coastal sites, due to the similarity in
the length intervals and densities. Marofias et al. (2003) for
Bagliardi Beach, and with sampling close to the invasion
date, 1994—1995, detected three cohorts in the year, two like
those recorded in this work (end of spring and end of sum-
mer) and one in winter, although this last with low densities
of individuals. After 30 years of invasion, and considering
that the L. fortunei, like other invasive species, is opportunis-
tic and therefore establishing a general reproductive pattern
is difficult (McMahon 2002), the results indicate a tendency
for there to be only two major reproductive seasons.

The presence of L. fortunei in invaded environments
causes impacts on the natural environment such as altera-
tions to artificial environments. For example, in the caliche,
also the substrate available for L. fortunei is limited to the
lateral sectors and crevices of this, as mentioned by Silva
et al. (2020), it could coincide with the predation of fish.
In this environment, before the presence of L. fortunei, in
1987 and 1988, three species of bivalves and nine of gastro-
pods were recorded (Darrigran and Lopez Armengol 1998;
Lépez Armengol and Darrigran 1998). Of these gastropods,
those with the highest densities were the representatives of

the genus Potamolithus (with four species), which were not
found in the present sampling (neither associated with L.
fortunei, nor on other substrates such as caliche, beach, arti-
ficial substrate). Of the other five species of gastropods that
were present in ANC in 1987 and 1988, only specimens of
Heleobia piscium were found on L. fortunei; while isolated
individuals of Chilina fluminea were found on the beach and
caliche; and specimens of Uncancylus concentricus (Ancyli-
nae) were found on an artificial substrate, both at low densi-
ties (de Lucia, pers. obs.), but never associated with Limn-
operna fortunei. It should be noted that studies conducted at
the BAG site carried out between 1992 and 1995 indicated a
displacement of these gastropod species (Chilina fluminea,
Uncancylus concentricus) (Darrigran, et al. 1998). For its
part, Spaccesi and Rodrigues Capitulo (2012), 10 years after
the invasion of L. fortunei, found Heleobia piscium and U.
concentricus as companion mollusks. In our results, only H.
piscium was found associated with L. fortunei. Regarding
the aforementioned, a potential displacement can be raised
of species of L. fortunei on the native mollusks (Darrigran
and Damborenea 2011).

Likewise, the presence of L. fortunei creates a homogene-
ous microenvironment (Darrigran and Damborenea 2005)
favorable for the development of invertebrates and unifies
their accompanying fauna, which led us to think that there
would be no significant differences between the species with
similar environmental characteristics. However, since there
are significant differences between the densities of L. for-
tunei between the five sampled sites, we observed that our
results agree with those proposed by Sylvester et al. (2007)
and Darrigran et al. (1998) where the higher the density of
L. fortunei, the higher the density of H. piscium (BAL) and
the lower the density of L. fortunei, the higher the richness
of species is recorded (IMG). Silva et al. (2020), in experi-
ments on the Uruguay River, and an environment like IMG,
highlight that the presence of predatory fish reduces the
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densities of L. fortunei, leading to an increase in the densi-
ties of native species of benthic macroinvertebrates, such as
the genera Potamolithus and Chilina. The same occurs with
the presence of the genus Anisancylus, which is present in
places where the density of L. fortunei is low or absent. It is
noteworthy that the record of the genus Anisancylus is the
first for the IMG (Martin Garcia Island) and the province
of Buenos Aires. This genus is found in the provinces of
Cordoba, Rio Negro, and Neuquén in Argentina; and it is
also found in the Republic of Uruguay, in places close to
the IMG (Ovando et al. 2017). On this site, IMG, 27 species
of mollusks were already recorded, the product of years of
campaigns by various researchers (Martin and Negrete 2006;
Cesar et al. 2012). These results reaffirm the need to carry
out control programs for invasive species and the non-mod-
ification of natural substrates by artificial substrates, thus
protecting a greater diversity, in this case, of mollusks.

The bio-invasion of Limnoperna fortunei does not favor
the biodiversity of the invaded environment. Its presence
creates similar environments where it invades (e.g., Plata,
Guaiba and San Francisco basins) favoring the presence
of the same species throughout a basin and thus reducing
diversity. What it does is a local scale homogenization of the
environment where it invades (Darrigran and Damborenea
2011). Invasion by L. fortunei may result in the elimina-
tion of regional differences in epifaunal species (Darrigran
2002); i.e., it causes not only a loss of species but also of
heterogeneous pre-invasion environments. Something simi-
lar occurs with Dreissena polymorpha (Pallas 1771), another
invasive bivalve with similar adaptive/reproductive charac-
teristics to L. fortunei, but in the northern hemisphere. Ward
and Ricciardi (2007) point out an increase in the number of
species, but ecologically similar, in the environment invaded
by D. polymorpha; however total species richness (ecologi-
cally similar and non-similar species) tended to decrease in
large bodies of water (on a regional scale).

In short, the presence of a bio-invasion such as that of
Limnoperna fortunei or golden mussel causes alterations in
native biodiversity. Our results showed different sets of spe-
cies associated with Limnoperna fortunei, with protected
areas such as the IMG standing out, showing greater species
richness, including first records, versus other coastal envi-
ronments. We recommend increasing conservation efforts
given the constant advance of urbanization in the coastal
sites of the province of Buenos Aires, with environmental
impact studies before coastal reforms, and implementation
of density control strategies for Limnoperna fortunei in pro-
tected areas, and thus protect the native fauna.

Although the present work is a valuable spatiotemporal
description of the dispersion of Limnoperna fortunei in the
Rio de la Plata basin, an extensive study of the golden mus-
sel in the invaded basins is advisable. These studies will
allow order to identify the status of invasive populations and

@ Springer

short- and long-term trends and, to assess the relationships
between the introduction of invasive species, biodiversity,
and changes in ecosystem services.
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