Aquatic Invasions (2020) Volume 15, Issue 4: 633–645
CORRECTED PROOF

Research Article

Genetic diversity and clonality of the Asian clam Corbicula fluminea
are reflected by inner shell color pattern
Te-Hua Hsu1,2, Akira Komaru3 and Jin-Chywan Gwo1,*
1 Department

of Aquaculture, National Taiwan Ocean University, Keelung, 20224, Taiwan
of Excellence for the Oceans, National Taiwan Ocean University, Keelung, 20224, Taiwan
3 Faculty of Bioresources, Mie University, Mie, 514-8507, Japan
2 Center

Author e-mails: gwo2019@gmail.com (JCG), realgigi@gmail.com (THH), komaru@bio.mie-u.ac.jp (AK)

*Corresponding author

Citation: Hsu T-H, Komaru A, Gwo J-C
(2020) Genetic diversity and clonality of
the Asian clam Corbicula fluminea are
reflected by inner shell color pattern.
Aquatic Invasions 15(4): 633–645,
https://doi.org/10.3391/ai.2020.15.4.06

Received: 28 March 2020
Accepted: 16 July 2020
Published: 16 October 2020
Handling editor: Fred Wells
Copyright: © Hsu et al.
This is an open access article distributed under terms
of the Creative Commons Attribution License
(Attribution 4.0 International - CC BY 4.0).

OPEN ACCESS.

Abstract
The Asian clam Corbicula fluminea is self-compatible, hermaphroditic, androgenetic,
and ovoviviparous. Androgenesis is a type of asexual male reproduction; although
it involves genetic recombination, the offspring retain the same genome as their male
parent. Despite this unique reproductive character of C. fluminea, considerable
morphological diversity and internal shell color were observed among specimens
collected from six locations in Taiwan. We investigated these specimens through
morphological examination and amplified fragment length polymorphism (AFLP).
Twenty-three AFLP genotypes were found in 48 individuals by using only one
primer combination. AFLP was applied for identifying the clonal lineage of C. fluminea
successfully. Our results showed that among specimens with different genotypes,
external shell color could be affected by environmental factors, such as substrate,
showing the same pattern, but internal shell color was determined purely by
genetics. This relationship between the inner shell color variation and genotype in
C. fluminea can be easily used to study the dispersal of this invasive species and in
breeding for aquaculture.
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Introduction
The Asian freshwater clam Corbicula fluminea (Müller, 1774) is a highly
prolific and perniciously invasive species that is widely distributed across
diverse environments (Sousa et al. 2008). Corbicula fluminea is considered
one of the most invasive species in freshwater aquatic ecosystems (Sousa et
al. 2008). Rapid growth, early sexual maturity, short life span, high
fecundity, and association with human activities contribute to the success
of C. ﬂuminea in colonizing new environments (Sousa et al. 2008).
Corbicula fluminea has a mainly native range spanning Asia (e.g. China,
Korea, Japan, Taiwan, and Thailand) (Morton 1977, 1982; Araujo et al.
1993; Sousa et al. 2008; Pigneur et al. 2014). The introduced range of
diverse freshwater habitats spans continental North and South America
and continental Europe (Counts 1981, 1986; Ituarte 1994; Araujo et al.
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1993; Sousa et al. 2008; Pigneur et al. 2014; Crespo et al. 2015; Gomes et al.
2016; Hunicken et al. 2019). Every year, C. ﬂuminea invasion causes
damage worth billions of dollars (Castaneda et al. 2018). Corbicula ﬂuminea
grows rapidly and clogs the water inlet pipes of nuclear power plants;
furthermore, it exhibits invasive behavior in temperate regions (at
temperatures of < 2 °C) by growing in artificially heated water (Bespalaya
et al. 2018; Castaneda et al. 2018). Moreover, C. ﬂuminea outcompetes
endemic native clam and mussel populations, resulting in localized extinction
of native species (Modesto et al. 2019). Dispersal of C. ﬂuminea is
frequently accidental (Sousa et al. 2008; Coughlan et al. 2017). The reason
for the global spread of C. ﬂuminea is its economic value as a food source, a
filter in aquariums and koi ponds, and as bait for recreational fishing
(Sousa et al. 2008); however, the reason for the successful establishment of
C. ﬂuminea populations in several freshwater aquatic habitats is its method
of reproduction (Sousa et al. 2008; Coughlan et al. 2017).
Historically, small populations of C. fluminea have spread to waterways
around the world; thus, their genetic trends have exemplified the founder
effect. Being a self-compatible hermaphroditic species that generates sperm
and egg cells, a single individual of C. fluminea can sexually produce
offspring through self-fertilization (Britton and Morton 1986; Ishibashi et
al. 2003). Corbicula fluminea individuals produce double-flagellated sperm
cells. Reproduction in C. fluminea occurs through androgenesis (a form of
quasi-sexual reproduction in which a male is the sole source of the nuclear
genetic material in the embryo) (Ishibashi et al. 2003). An androgenically
produced C. fluminea individual obtains all its chromosomes from a doubleflagellated sperm cell. Because all meiotic chromosomes are expelled as
polar bodies, only the sperm nucleus persists in the cytoplasm and constitutes
the mitotic chromosomes of the first cleavage. Ploidy in androgenetic
Corbicula lineages ranges from diploidy to tetraploidy, and in all cases,
ploidy is maintained throughout the life cycle by unreduced sperm
(Ishibashi et al. 2003; Ishibashi and Komaru 2006). Because of self-fertilization,
all androgenic C. fluminea produce androgenic offspring. Eggs are brooded
in the gills, and juveniles are expelled through the exhalent siphon. Up to
400 juveniles are released by a single individual in a day, and a single
hermaphroditic clam can produce up to 35,000 offspring in one breeding
season (McMahon 2002; Sousa et al. 2008). However, these offspring all
inherit the same genome from their single parent, which implies that
mutation is the major source of increasing genetic diversity over generations
in a given population of C. fluminea. For example, the introduced C. fluminea
populations in North America tend to have few genotypes (mitochondrial
and nuclear DNA) in most of their range (Pigneur et al. 2014; Penarrubia
et al. 2017; Tiemann et al. 2017). The C. fluminea population, which acts as
an invasive organism in Europe and the North Americas, exhibits only a
few genotypes (Pigneur et al. 2014; Penarrubia et al. 2017; Tiemann et al.
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2017). However, because C. ﬂuminea are considered native to Taiwan, they
are expected to present high genetic diversity in Taiwan (Chen et al. 1992).
Polymorphic individuals, with a yellowish-brown external shell surface but
white, light orange, or deep purple internal surfaces were identified in the
same location of the Keelung River, Taiwan (Komaru and Konishi 1999).
This shell color polymorphism may be determined by genetic factors because
the environment was the same. In this study, we estimated the genetic
variability in C. ﬂuminea in Taiwan by using ampliﬁed restriction fragment
length polymorphism (AFLP). AFLP is a cheap but powerful technique for
detecting DNA polymorphisms across the entire genome at individual,
population, and species levels (Ley and Hardy 2013; Vašek et al. 2017). We
attempted to understand the interaction between genotype and environmental
factors in a fine-scale habitat to ensure that differences in the environment
did not contribute to the variation in shell color. Therefore, genetic and
environmental factors were studied to identify the mechanism by which
exterior and interior shell coloration in the C. ﬂuminea are determined.

Materials and methods
Sample collection and DNA extraction
A total of 48 specimens were examined in this study (Figure 1 and Table 1).
Live specimens were obtained from six localities in Taiwan (WA: Sijhih City,
New Taipei City; WB: Gongguan Township, Miaoli County; WC: Gongliao
Dist., New Taipei City; WD: Yuanli Township, Miaoli County; CA: Wanluan
Township, Pingtung County; and CB: Wunshan Dist., Taipei City). From
each locality, at least three individuals were obtained by raking sand. Sampling
localities were selected to represent stagnant water with clay substrate (WC
and WB), slow-moving water with silt substrate (WA, WD, and CB), and
rapid water with sand substrate (CA). “W” means wild population and “C”
means cultured population. Samples were collected in a 1 m × 1 m area for
each location (detailed sampling information is provided in Figure 1).
Live specimens were transferred to the laboratory for molecular and
morphological examination. All the specimens were opened and small
pieces of the foot muscle (2 mm × 2 mm) were excised for genomic DNA
extraction. All shell specimens were photographed and maintained at room
temperature. Phenotypes were identified for each sampling site. We used
WA_P1, WA_P2, etc, instead of yellow, white, etc. (Figure 2 and Supplementary
material Figures S1-S2). The muscle samples were preserved in 95%
ethanol. Genomic DNA was extracted using the standard proteinase
K/phenol method with slight modifications (Hsu et al. 2010).

AFLP procedure
The procedures of AFLP analysis were based on the method developed by Vos
et al. (1995) with slight modifications (Hsu et al. 2010). Initially, approximately
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Figure 1. Sampling locations in Taiwan. Sampling localities were selected to reveal stagnant
water with clay substrate (WC and WB), sluggish water (WA, WD and CB) with silt substrate
and rapid water (CA) with sand substrate. “W” means wild population and “C” means cultured
population. Samples were collected in a 1 m × 1 m area for each location. WA: Sijhih City,
New Taipei City, 25°05′49.1″N; 121°38′33.5″E; WB: Gongguan Township, Miaoli County,
24°30′21.4″N; 120°49′01.4″E; WC: Gongliao Dist., New Taipei City, 25°00′09.4″N; 121°55′46.9″E;
WD: Yuanli Township, Miaoli County, 24°26′07.2″N; 120°39′59.5″E; CA: Wanluan Township,
Pingtung County, 22°35′17.7″N; 120°35′56.9″E; CB: Wunshan Dist., Taipei City, 24°58′20.2″N;
121°34′37.6″E. Photo by Te-Hua Hsu.
Table 1. Summary of AFLP data, with the average similarity index (S), genetic distance (D),
and Nei’s gene diversity (He) of each sampling locality.
Sampling locality
Sample size
Genotypes
Total bands
Polymorphic bands
Average similarity index (S)
Genetic distance (D)
Genetic diversity (He)

Wild
WA
WB
WC
WD
7
8
12
14
7
3
4
6
54
53
49
53
14
13
5
18
0.935 0.947 0.981 0.942
0.067 0.055 0.019 0.059
0.157 0.145 0.064 0.139

Cultured
CA
CB
3
4
1
2
45
47
0
9
1
0.947
0
0.054
0.132
0.154

Total
48
23
57
28
0.917
0.083
0.166

100 ng of total DNA was digested in 10 μL of a solution comprising 2.5 U
of Tru9I and EcoRI (Promega, USA) in 1x buffer C at 65 °C and 37 °C for 3 h,
respectively. Restriction fragments were ligated to EcoRI and MseI adaptors.
Ligation was followed by preamplification and selective amplification.
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Although the typical range of scorable bands was between 50 and 100,
selective amplification with primer combinations of E+3/M+3 selective bases,
which can garner 9 to 30 scorable bands, was used to avoid the problems of size
homoplasy and weak (unscorable) bands in this study. Selective amplification
was performed using pair of primers: E-AA/M-CAA (E+2/M+3). The
amplification products were electrophoresed on a 5% denaturing
polyacrylamide gel (size: 280 mm (W) × 370 mm (H) × 0.35 mm (D)) by
using ATTO PAGE equipment (ATTO AE-6155, Japan). Fingerprint
patterns were visualized using silver staining (Hsu et al. 2010). Band sizes
were estimated using a 10-bp DNA ladder (Invitrogen, USA). Polyacrylamide
gels were scanned and converted to digital images by using an imaging
analyzing system (HP Scanjet 5370c, USA). The digital gel images were
inverted, and the contrast was increased using Photoimpact Version 12.

Data analysis
The clearly detectable AFLP bands with a scoring range of 80–320 bp were
scored for presence (1) or absence (0) and transformed into a 0/1 binary
character matrix. To ensure credibility, only reproducible and well-defined
bands were counted. Total bands, polymorphic bands, average similarity
index (S), and Nei’s gene diversity (He), and standard genetic distance (D),
were calculated using the Dice similarity coefficient (Dice 1945), the method
reported by Lynch and Milligan (1994). Furthermore, He was calculated
according to allelic frequencies (square root method) by using AFLPSURV 1.0 (Vekemans et al. 2002). Principal coordinate analysis (PCoA) was
performed using a matrix of squared Euclidean distances computed using
individual binary data and by using GenAlEx 6.41 (Peakall and Smouse 2012).

Results
Polymorphism of phenotypes of the internal shell and AFLP genotypes
In our samples, the internal shell color exhibited a color gradient with
some local pattern (Figure 2 and Figures S1-S2). Identifying phenotypes as
the same type across the different sampling sites was difficult. We only
considered distinguished phenotypes from the same population (location).
For example, internal shell color phenotype WA_P1 (white) in WA and
phenotype WD_P1 (white) in WD were not considered the same phenotype
(Figure 2 and Figures S1-S2).
In WA, seven clams (WA_1 to WA_7) exhibited seven AFLP genotypes
(clonal lineages) (WA_G1 to WA_G7) and three internal shell color
phenotypes (WA_P1: white, WA_P2: purple, and WA_P3: light orange).
All the clams in WA exhibited different phenotypes. The phenotype WA_P1
corresponded to five genotypes (WA_G1 to WA_G5), the phenotype WD_P2
corresponded to the genotype (WA_G6), and the phenotype WD_P3
corresponded to the genotype WA_G7.
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Figure 2. Summary of sample identity, sampling location, phenotype, genotype, and AFLP banding pattern. AFLP banding pattern
only show polymorphic bands among all specimens.

In WB, eight clams exhibited three different AFLP genotypes. Four of
the eight clams in WB exhibited the genotype WB_G1, one exhibited the
genotype WB_G2, and the remaining three clams exhibited the genotype
WB_G3. The phenotype WB_P1 (white) corresponded to two genotypes
(WB_G1 and WB_G2), whereas the phenotype WB_P2 (brown) corresponded
to the genotype WB_G3.
In WC, 12 clams exhibited four AFLP genotypes. Three of 12 clams in
WC exhibited the genotype WC_G1, six clams exhibited the genotype
WC_G2, one clam exhibited the genotype WC_G3, and the remaining two
clams exhibited the genotype WC_G4. The phenotype WC_P1 (purple)
corresponded to the genotype WC_G1, the phenotype WC_P2 (white)
corresponded to two genotypes (WC_G2 and WC_G3), and the phenotype
WC_P3 (gray) corresponded to the genotype WC_G4.
In WD, 14 clams exhibited six AFLP genotypes. Eight of the14 clams in
the WD exhibited the genotype WD_G1, two exhibited the genotype
WD_G2, and the remaining four clams exhibited different genotypes
among WD_G3 to WD_G6. The phenotypes WD_P1 (white), WD_P2
(purple), and WD_P3 (brown) corresponded to three genotypes (WD_G1
to WD_G3), one genotype (WD_G4), and two genotypes (WD_5 and
WD_G6), respectively.
In CA, the phenotype CA_P1 (white) corresponded to the genotype
CA_G1. In CB, four clams exhibited two AFLP genotypes. Three of four
clams in CB exhibited the genotype CB_G1, whereas the remaining one
clam showed the genotype CB_G2. The phenotype CB_P1 (purple)
corresponded to the genotype CB_G1, whereas the phenotype CB_P2
(white) corresponded to the genotype CB_G2.
Scatter plots of AFLP data based on PCoA analysis present the relationship
of all the AFLP genotypes with genotypes. This result indicated a high level
of genetic differentiation between AFLP genotypes and revealed low population
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Figure 3. Principal coordinate analysis of genotypes based on AFLP data. Genotypes from six
locations are labeled and enclose in a separated area with some extent of overlap. First principal
coordinate (Coord. 1) was 21.27% and the second coordinate (Coord. 2) was 19.62%.

connectivity across sampling sites. Repeated AFLP genotypes were only
found from the same sampling locality (Figure 2). AFLP genotypes in WA
(WA_G1 to WA_G7) and WD (WD_G1 to WD_G6) exhibited the highest
genetic variation, whereas AFLP genotypes in WB (WB_G1 to G3), WC
(WC_G1 to WC_G4), CA (CA_GA1), and CB (CB_GB1 and CB_GB2)
exhibited relatively low genetic variation (Figure 3).

Genetic diversity and genetic differentiation among populations
One primer combination (E-AA/M-CAA) was used, and 57 different DNA
bands (loci), which had 28 polymorphic bands, were generated. The
number of total bands and polymorphic bands, respectively, were 54 and
14 in WA, 53 and 13 in WB, 49 and 5 in WC, 53 and 18 in WD, 45 and 0 in
CA, and 47 and 9 in CB (Table 1). The average pairwise genetic similarity
between individuals within populations (average similarity index, S) and
genetic distance (D) were 0.917 and 0.083, respectively, in all individuals.
The highest S index (1) and lowest D (0) were observed in CA (Table 1),
whereas the lowest S (0.935) and highest D (0.067) were observed in WA
(Table 1). The He was estimated and ranged from 0.064 (WC) to 0.157
(WA). The He of all individuals was 0.166 (Table 1).
Scatter plots of AFLP data based on PCoA analysis exhibit clear patterns
corresponding to each sampling locality (Figure 3). Analysis of molecular
variance (AMOVA) among all sampling localities indicated high differentiation
(FST = 0.518; p = 0 < 0.001) with 52% of genetic variation distributed among
the sampling localities (Table 3). Sampling localities were also compared
pairwise. The pairwise FST values ranged from 0.210 (WA-WB) to 0.859 (WCCA), which indicated a high level of genetic differentiation. All differences
between sampling localities were significant (0.017 ≤ p ≤ 0.001) (Table 2).
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Table 2. Pairwise population FST values (below diagonal) and associated p values (above
diagonal) based on 999 permutations from the analysis of molecular variance.
WA
WB
WC
WD
CA
CB

WA
–
0.210
0.392
0.378
0.523
0.433

WB
0.011*
–
0.641
0.493
0.588
0.600

WC
0.001***
0.001***
–
0.507
0.859
0.726

WD
0.001***
0.001***
0.001***
–
0.587
0.441

CA
0.017*
0.008**
0.006**
0.001***
–
0.457

CB
0.002**
0.003**
0.002**
0.001***
0.041*
–

*: 0.05 > P > 0.01; **: 0.01 > P > 0.001; ***: P ≤ 0.001; NS: not significant.
Table 3. Analysis of molecular variance (AMOVA) among all sampling localities.
Source
Among sampling localities
Within sampling localities
Total

df
5
42
47

Sum of squares
94.485
86.452
180.938

Mean squares
18.897
2.058

Variance
2.213
2.058
4.272

% total
52%
48%
100%

Overall FST value = 0.518; P = 0 < 0.001.

Discussion
A given phenotype of an organism is usually determined by the interaction
between genotype and environmental factors, which in turn can positively
or negatively affect their survival and adaptation (Pigliucci 2005). For
example, the darkening of tree barks because of industrial soot pollution
resulted in enhanced fitness among melanistic individuals of the peppered
moth Biston betularia (Cook et al. 2012). In mollusks, color polymorphisms
are particularly interesting. Mollusk shell exteriors are polymorphic not
only in color but also in pattern (e.g. Chiba 1999; Richards et al. 2013; Lim
et al. 2018). If polymorphisms are under genetic control, they constitute visible
variations and provide a means to gain insights into the maintenance of
genetic variation within a population (Schilthuizen 2013). Maintenance of
polymorphic phenotypes may arise through the distribution of a species
across heterogeneous environments, where different environments favor
different morphs with heritable pigmentation causing natural selection by
facilitating evasion of predation (e.g. Johannesson and Ekendahl 2002;
Schilthuizen 2013; Mendonca et al. 2015). Mechanisms underlying the
heredity of traits are complex, particularly among mollusks with atypical
mechanisms of reproduction (Richards et al. 2013; Williams 2017).
Mollusks generally exhibit a high degree of genetic variation (e.g. pearl
oyster and freshwater mussel) (Elderkin et al. 2007; Takeuchi et al. 2020),
but the hermaphroditic, self-fertilizing, androgenetic Asian C. fluminea is
found to exhibit less variation (Pigneur et al. 2011, 2014; Gomes et al. 2016).
However, the C. ﬂuminea in Taiwan exhibits high variation, particularly in
genotypes. A high level of genetic differentiation between clonal lineages
was found in this study. These findings support that the C. ﬂuminea is
most likely native to Taiwan. In addition, similar AFLP genotypes were
only found in the same sampling locality, and AFLP genotypes from the
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same sampling sites were genetically similar (Figures 2, 3). The findings
indicate that because of low motility, individuals in the same region are
genetically similar. Different genotypes may occasionally arise because of
mutations (Figure 3; Table 2). We also found some individuals with the
same genotype, particularly in sampling localities with slow-moving water
(WA and WD) and in the cultured population (CA and CB). In Taiwan,
where there are typhoons every year, C. ﬂuminea is easily dispersed by
floods, especially in rapid water. These findings indicate that the C. ﬂuminea
produces a large number of offspring in a short period and resides in the
same location without accumulating mutations.
Corbicula ﬂuminea was studied in Europe and America as an invasive
species and was found to have low genetic diversity after analysis of the
mitochondrial COI gene, nuclear 28S ribosomal DNA, and microsatellites
(Pigneur et al. 2014; Penarrubia et al. 2015; 2017). In addition, some studies
have associated phenotypes (forms A, B, and D) with genotypes and
considered these phenotypes to be characteristic of these specific genotypes
(Tiemann et al. 2017, 2018). In this study, we used the AFLP technique,
which can be used to identify mutations on the genome simply and
quickly. This type of molecular mark is considered neutral, and most of the
loci are not affected by natural selection (Bensch and Akesson 2005). We
found several AFLP genotypes from a single phenotype in this study
(Figure 2; Table 1). Furthermore, we clarified associations between phenotype
and genotype. For a given population (e.g. WB) of C. fluminea in Taiwan,
internal shell color phenotypes have the following associations: (1) individuals
with identical genotypes always have identical internal shell color phenotypes;
(2) individuals with different internal shell color phenotypes do not exhibit
identical genotypes; (3) individuals with different genotypes may or may
not share the same internal shell color phenotypes; and (4) individuals with
the same internal shell color phenotypes may or may not exhibit identical
genotypes (Figure 2). Although the sample size in this study is relatively
small (48 individuals from six locations), it includes 23 genotypes. Pigneur
et al. (2014) reported 124 individuals from Europe (from 20 locations) had
only 4 genotypes (using 10 microsatellite loci). Our results may be limited
but available to other invasion areas.
We found that even individuals with identical genotypes were highly
susceptible to the effects of microhabitats on the outer shell color (broken,
color and pattern gradient), but the inner shell color was highly stable
(Figure 2 and Figures S1-S2). The outer shell color does not appear to be
affected only by genetics, but the inner shell color is completely affected by
genetics (Figure 2). Both heritable factors and environmental effects have
been reported to control molluscan shell color variation (Luttikhuizen and
Drent 2008; Williams 2017; Wang et al. 2018). Luttikhuizen and Drent
(2008) reported a genetic basis for color polymorphism of the bivalve
Macoma balthica, as the animals grow, the color of the outside and inside
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of the shells starts to diverge; in most older animals, the inside of the shell
continues to display bright colors, while the outside increasingly becomes
chalky white (Luttikhuizen and Drent 2008). Environmental factors are
encoded in shells of bivalves in the form of geochemical properties, shell
microstructure and shell growth rate. External shell surface (ESS) of
bivalve is known to adsorb various dissolved metals, the content of metals
recorded in shells can often be higher than in soft tissues, and metals in
shells have longer biological half-lives (Zuykov et al. 2012; Mancuso et al.
2019). Water characteristics, such as pH and sulfide ion concentration,
may change the color of the periostracum (Williams 2017). It appears that
individuals with lighter colors of periostracum tend to be found in areas of
lighter colored substrate, whereas individuals with darker colors of
periostracum are found in areas of the darker substrate to avail of the
advantage of camouflage against potential predators (Johannesson and
Ekendahl 2002; Cook 2017). Therefore, when mutations occur, mutants
may be easily spotted by predators. However, mutations that affect the
inner shell color of the individual do not affect its survival; consequently,
variation in internal shell color has persisted (Luttikhuizen and Drent
2008; Cook 2017; Williams 2017).
The Asian clam C. ﬂuminea exhibits special reproductive mechanisms
(being hermaphroditic, self-fertilizing, androgenetic, and ovoviviparous)
and has various ecological effects (invasions). This study indicates the
relationship between the inner shell color variation and genotype in
C. ﬂuminea. This relationship has an application in studies on the dispersal
of this invasive species. In addition, we highlighted that AFLP is applied for
identifying the clonal lineage of C. ﬂuminea successfully. It could be a useful
tool for assessing the genetic diversity or clonality in C. ﬂuminea accurately.
Studies on commercial food production (Chang et al. 2017), and in functional
food (clam extract) (Chijimatsu et al. 2008) could further consider genetic
diversity or clonality in C. ﬂuminea accurately.
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