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REPRODUCTIVE STABILIZATION OF LIMNOPERNA FORTUNEI (BIVALVIA MYTILIDAE)
AFTER TEN YEARS OF INVASION IN THE AMERICAS
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ABSTRACT Limnoperna fortunei (Dunker, 1857) or golden mussel invaded South America through the Rfo de la Plata estuary in
1991. Ten'years later, the golden mussel lives in the main rivers of the Plata Basin, The gonadal cycle and the population settiement
in n temperate climate are discussed in this article, This basic knowledge is necded to assist industrics that may suffer the effects of )
macrofouling and also increment the ability to predict potential invasions of othier countrics, The study of population density and
reproductive cycle was performed in Rfo de la Plata estuary, Argentina, The temporal variation of population density from data of
sctilement and age structure collected between 1991 and 2001 is presented. The reproductive cycle between August 1998 and March
2000 was analyzed. Through the analysis of cocyte percentages four gonad spawning events were obscrved. The spawning events
appear regulated by temperature changes. After the initial increase in population density following the fnvasion, there was n decrease.

The population appearcd stabilized at one third of the initial peak,
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INTRODUCTION

Limnoperna fortunei (Dunker, 1857), or golden musscl, is a
freshwater invasive bivalve, from the southeast of Asia. It invaded
South Amecrica in 1991, through the Rfo de la Plata cstuary. This
represents the first record of L. fortunei for the American conti-
nent. Ten ycears later, the golden mussel lives in the main rivers of
onc of the most important Basins of the Neotropical Region
(Bonctto 1994), the Plala Basin (the Rio de la Plata, and the Unu-
guay, Paran4, and Paraguay rivers). Since 1999, this species in-
vaded the Guaiba Basin in the south of Brazil (Mansur ct al. 1999).
The golden mussel spreads 240 km/ycar, upstream along the Plata
Basin, (Darvigran & Bzcurra de Drago, 2000).

The golden musscl attaches to cvery available hard substrate.
This lifestyle (cpifaunal) is atypical in local freshwater bivalves,

. The attachment capability and the great adaptability and reproduc-

tive capacity of these musscls make this species very cffective
invaders (Dacrigran 2000). The musscls impact on the natural en-

vironment (displacement of native species—Darrigran-et al. . -

1998b, Darrigran ct al. 2000—or change of native fish diet—
Penchaszadeh ct al. 2000) as well as on human activities (macro
fouling in fresh water Darrigran 2000, Darrigran & Ezcurra de
Drago 2000). : ’

Detailed information about the life cycle of this harmful inva-
sive species provides a basis for the development and application
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Figure 1. Monthly variation of mean air temperature (line) and water

tempernture (bars) durlng sampling period In Bagliardl Beach, Rio de
In Plata, *Without data,

of control strategies. The impact caused by this specics in human
activities (plugging of water intake for industrial cooling, power
generation, and potable water) resembles what happened in the
north hemisphere with the zcbra mussel Dreissena polymorpha
(Pallas 1771). The study of reproductive cycle, age structure and
temporal density variation, is cssential to gencrate sustainable
techniques for golden mussel prevention and control.

Details of the reproductive cycle, and the population setticment
in temperate climate are discussed in this article. This type of
knowledge is not only essential to assist biologists and ccologists
in the industrics which may suffer from this new cconomic-
environmental problem in the Neotropical Region, but it is also
necessary for predicting potential invasions of other countrics in
the north hemisphere such as USA (Ricciardi 1998) and southern

_Lurope,
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. TABLE 1.

Date and number of specimens histologieally processed per sample.

: o Size

Date N range Malcs Femnles
23/08/98 27 0,6-2,5 17 10
25/09/98 30 0,6-2,6 pAl . 17
30/10/98 29 0,4-2,5 18 . it
27/11/98 17 0,5-2,6 14 13
20499 14 05129 13 n
19/04/99 20 0,8-2,2 7 13
15/05/99 24 0,7-2,2 14 10
30/06/99 29 0,7-1,9 13 16
26/07/99 25 0,7-2,1 10 15
27/08/99 28 0,5-1,8 19 9
21110799 32 0,6-2,1 22 10
27111199 34 0,5-1,7 23 1
16/12/99 3 0,5-1,7 14 17
26/01/00 27 0,6-2,1 16 |
22/02/00 35 0,7-2,4 25 10
12/03/00 29 0,6-2,2 18 t
Total 431 266 195
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Figure 2. ‘Femporal varintion of mean density (bars) and standard deviatlon (lines) of Limnoperna fortunei in ngliardl Bench, Rio de la Plata,

4-5 Ind/m?, *Without data.

MATERIAL AND METHODS

To study the golden mussel population density and reproduc-
tive cycle, samples were collected along the rocky banks of Ba-
gliardi Beach, (34°55'S; 57°49°'W), Rfo de la Plata estuary, Ar-
gentina, South Amcrica, is where the mussel was found for the first
time in 1991 (Pastorino ct al. 1993). The water temperature in this
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locality has a temperate regimen ranging (rom approximately 11°C
to 31°C (Fig. 1). The physicochemical features of the Rfo de Ia [Fi)
Plata may be found in Darrigran (1999). The density data were
obtained partly from Darrigran, ct al. (1998b) and through sam-
pling carried out ad-hoc (October 1998 and October 2001) in
Balgliardi Beach. Samples of musscls were collected for density
analysis from the fringes with macrobenthos from a rcctangular
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Figure 3, Size frequency (%) of Limnoperna fortunei In Bagliardl Bench, Rio de la Platn,
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arca, variable in sizc, according 1o Dacrigran ct al; (1998D). For the
age structure analysis, the maximum shell length was mcasured
and the length frequency distribution was made at | mm class
intervals (see Fig. 3 later). )
‘The dates of sampling for reproductive cycle analysis, per-

“formed at low tides, may be obscrved in Table 1. The maximum

shelt length of the 431 collected individuals was taken. The ma-
terial was fixed in Bouin solution and the histologic processing
was performed according to Darrigran ct al. (1999).
Approximately 25 oocytes with conspicuous nuclcolus, both
free in the follicular lumen and attached to the follicle wall, for
cach gonad were measured. The percentage of males with sper-
matozoids and the percentage of follicular occupation on the
mantle were calculated for cach samiple. The Jatter was calculated
using magnification (x200) in three different scctions of the
mantle, (upper, middic, and lower) through the visual estimation of
ficld. The lysis periods were determined by microscopical analysis.

RESULTS .

The temporal variation of population density found on the
rocky litoral zone of Bagliardi Beach between 1991 and 2001 is

given in Figure 2. From 1991 1o 1995, the density increase was {Fi
remarkable (fromn four to five individuals/m? to over 100,000
ind/m?). The population density then decreases and stabilizes at
approximately 40,000 ind/m2. In Figure 3 it is shown that since [
1994 the bopulnlion has had an age structure where most size cluss
intervals are represented.

The female and male follicles grow in the mantle and in the
visceral mnass. During this study 0.25% hermaphrodite specimen,
wilh female, male, and mixed follicles were recorded.

The gonad growth is characterized by growing follicles. In this
stage the follicles are smali and there exists an abundant connec-
tive tissue between them, A more developed stage shows young
oocytes on the wall, many stalked oocytes (Fig. 4A) and abundant [Fi}
spermatogoniums in the males (Fig. 4D). In a later stage the fol-
licles are bigger and the follicular lumen contains abundant oo-
cytes half-grown and also almost fully grown oocytes (60-80 ).
When fully mature, the female and male follicles reach the maxi-
mum size. Male follicles are packed with spermatozoa (Ifig. 4E)
and females’ follicles with fully-grown (80-100 p) oocytes.

When the gonads are spent and partially spent, the [ollicles
contain large spaces. Partially spent gonads retain genital products.

Figure 4. Female and male follicles in different development stages. (A) Female follicle partlally grown with young oocytes on the wall nud mnny
stalked oocytes, senle bar = 100 pt. (B) Spawned femnle folllcies with nbundant yellow bodies (arrows), seale bar = 50 p1. (C) Femnle follicles partly
spawned, scale bar = 100 p. (D) Developing male follicles, scale bar = 50 p, E. Fully developed male follicles, scale bar = 100 p., I, Male follicles

partly spmwned, seale bar = 50 p.
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In males spermatozoids and spermatocites are observed (Fig. 419),
Partly developed oocytes, oogorics, and young oocytes arc re-
tained on the female follicle walls (FFig. 4C). Oocitary lysis phe-
nomena (Fig. 413), with yellow bodics are evident for a short time
after spawning is completed,

The body length at which the follicle, cither female or male,
development is completed, varies scasonally. The smallest shell
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length at which follicles differentiate is 5.5 mni, for both males and
females (Fig. 5). During this study (August 1998 to March 2000), [F)
oocytc growth was always recorded. From May 1999 until August
1999, the oocytes simaller than 20 . were 30% of the total oocytes

examined.

The change in frequency of oocytes <20 p and >60 . indicates
two reproductive peaks each year, The first peak occurs at the end

malos (%)

Figure 6. Temporal variation, (A) Percentage of oocytes bipgger than 60 p (full hinrs) and smatler 20 p (cmpty bars). The arrows Indicate moments

of pmuicte liberation, (B) Percentage of males with sperm. *Without data. n, number of male tndividuals,
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Figure 7. Tempornl varlation of mantle occupation. Femnle follicles
(full hars) and males (empty bars). n, total number of considered males
and females, *Without data,

of winter or beginning of spring (August to September of 1998,
October to November of 1999) and the second peak is recorded
during the summer (February of 1999, March of 2000). During
these periods in the female follicles the oocytes bigger than 60 ju
dominate, while smaller oocytes are scarce (<20%). During the
period of study gonad recuperation were observed (October 1998
and May to June of 1999). Through the analysis of oocyte per-
centages present in the gonad, four spawning cvents were observed
(Fig. 6 A):

(1) From Scptember to October 1998.

(2) February 1999 to May 1999, It is the most linpoctant lor its

duration and magnitude.

(3) in July to August 1999, the least important,

(4) between October and December 1999,

Figurc 613 shows the percentage of males with sperm through-
out the period considered. The pattern agrees in general with that
observed for femalces. ‘

The spawning pattern mentioned is similar to the follicular
occupation of the mantie (Fig. 7). The percentage of occupation

decreases during the spawning periods and stays low during the.

recuperation period (June, July, and August 1999).

Lysis phenomena were observed in several samples (Fig. 8).
They are more important during May to August 1999, and coincide
with recuperating follicles or in partial evacuation,

DISCUSSION

The bivalve sexual processes arc generally related to ambicent
temperature (Lubet 1983). The results presented here for a popu-
Intion of L. fortunei, as well as those obscrved in the first study
(Darrigran ct al. 1999), those performed for a Hong Kong popu-
lation (Morton, 1982), and the analysis of larvac density in the Rfo
de la Plata (Cataldo & Boltovskoy 2000) show the strong relation-
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ship between ambient water temperature and -the reproductive
cycle. The spawning cvents arc regulated by changes in tempera-
ture, and increascs and decrcases of temperature rule the gameto-
genesis in this specics.

During the initial study (Dacrigran ct al. 1999), we found that
oocyles were always present in the mussels even during the resting
period. Periods of scarce proliferation were recorded from Decem-
ber 1993 to May 1994, This study was performed a short time after
the first record of Lo fortunei in the Americas (Pastorino ct al.
1993). 'The anulysis of reproductive biology at that time differen-
liated numecrous spawning cvents (five were recorded), many of
them of low magnitude. Between Sepltember 1992 and January
1993 (the first period), two spawnings of reduced intensity were
recorded and between February 1993 and November 1994 (the
sccond period) three spawnings were recorded (two of these of
highcr magnitude). During the first period, the oocytes bigger than
60 jum and those smaller than 20 pm are always present and their
proportion is similar (about 30%), the spawnings arc low in mag-
nitude but the proportion of oocytes bigger than 60 jum is always
larger than 20%. During the second period, the spawnings are
more intense and result in a diminution of the bigger oocytes
proportion (by 10%). In contrast to the first period, the oocytes
bigger than 60 jLm reach more than 60% (Darrigran et al. 1999).

‘The population analyzed here shows a predictable reproductive
pattern. Only two major spawnings arc observed throughout the
year, onc when summer temperatures are recorded and the other
with spring temperatures, A small winter spawning is also ob-
served. This pattern, after 10 years of seltlement in America, is
similar to that described by Morton (1982) for the population of
Hong Kong where the spawnings lake place between May to June
and November to Deccmber. The pattern shown during the first
study [only after a year of scttlement in the location considered
(Darrigran et al. 1999)] could be due to-the recent invasion.

Morton (1982) describes short spawnings for a month in spring
and a month in autumn. In this study in South. America, mainly in
autumn, the evacuation continucs from April 1999 to May 1999,
The presence of larvae in the Rfo de Ia Plata, between August and
April (Cataldo & Boltovskoy 2000), also indicates that the spawn-
ing periods are longer than those described by Morton (1982).

Similar to what was found in the first study of the golden
mussel reproductive cycle (Darrigean ct al. 1998n) 0.25% of the
population was hermaphrodite.

According to the variation of population density, this species, at
the beginning of the invasion in temperate climate, presents a
noticeable increase of densily. Then, it decreases its density to a
third part and stabilizes. At the samc time, it presents an age
structure with most class intervals represented. These fnets wonld
indicate a stable settlement of the population to the enviromment,

n=195
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Figure 8. Percentage of females with follicles where lysis phenomenon occur, *Without data. n, mumber of considered females.
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The initial increase recorded in a temperate climate could also
be observed in a subtropical climate. Despite the preliminary stud-

" ics of this specics invasion in the south of Brazil, subtropical

climate (Mansur ct al. 1999), the golden musscl presents an in-
creasc in its population density similar to that observed in this
study. Two years after its first record (Mansur et al. 2001a, Mansur
et al. 2001b), the maximum density is 62,100 ind/m?2,

The golden musscl, like other invasive species, is opportunistic.
This fact makes it diflicult to relate the reproductive pattern with
cnvironmental variables and to determine the different facts that
might be modificd in the reproductive cycle. L. fortunei, for its

great adaptability and reproductive capacity, increases its distribu-

tion permancatly by occupying environments of particular lea-
tures.
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