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ABSTRACT. The prawn genus Macrobrachium belongs to the family
Palaemonidae. Its species are widely distributed in lakes, reservoirs,
floodplains, and rivers in tropical and subtropical regions of South
America. Globally, the genus Macrobrachium includes nearly 210 known
species, many of which have economic and ecological importance. We
analyzed three species of this genus (M. jelskii, M. amazonicum and
M. brasiliense) using RAPD-PCR to assess their genetic variability,
genetic structure and the phylogenetic relationship between them and to
look for molecular markers that enable separation of M. jelskii and M.
amazonicum, which are closely related syntopic species. Ten different
random decamer primers were used for DNA amplification, yielding 182
fragments. Three of these fragments were monomorphic and exclusive
to M. amazonicum or M. jelskii and can be used as specific molecular
markers to identify and separate these two species. Similarity indices
and a phylogenetic tree showed that M. amazonicum and M. jelskii are
closest to each other, while M. brasiliense was the most differentiated
species among them; this may be attributed to the different habitat
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conditions to which these species have been submitted. This information
will be useful for further studies on these important crustacean species.

Key words: RAPD-PCR; Macrobrachium; Polymorphism; Prawn;
Phylogenetic relathionship; Crustacean

INTRODUCTION

The genus Macrobrachium (Bate, 1868) includes several species of prawns widely
distributed in lakes, reservoirs, floodplains, and rivers in tropical and subtropical regions of
South America, including all the main river basins (Orinoco, Amazon, Araguaia, Tocantins,
Sao Francisco, Parana, and Paraguai River basins), as well as the smaller rivers of the South
Atlantic Basin in the northern, northeastern, and eastern coasts of Brazil (Melo, 2003; Maciel
and Valenti, 2009). Currently, there are nearly 210 species known worldwide, of which 45 are
registered in the Americas, including about 18 in Brazil (Melo, 2003).

The term prawn has a very broad meaning. It is used to characterize species whose entire
life cycle is restricted to freshwater, as well as those that need brackish water at the beginning
of'their development and later freshwater after metamorphosis (Sampaio et al., 2007). They are
decapod crustaceans belonging to the Suborder Pleocyemata, Infraorder Caridea, Superfamily
Palaemonoidea, and Family Palaemonidae. Although they are also called prawns, like saltwater
shrimp, they are considered to be closer to lobsters, since they share many similarities mainly
regarding their reproductive habits, because the female prawns, similar to lobsters, keep their
eggs in the abdomen until spawning time (Valenti, 1993; Martin and Davis, 2001).

Most of the prawn species of economic importance belong to the genus Macrobra-
chium. They are widely exploited by artisan fisheries and used as protein sources by humans
and other animals, and in addition, these prawns show a high potential for aquaculture. In
recent years, intense research efforts have been directed toward developing the technology for
commercial culture of this species (Valenti, 1993; Moraes-Valenti and Valenti, 2007, 2010).

Besides economic factors, the Macrobrachium species have been shown to play im-
portant ecological roles (Magalhaes, 2000; Magalhées et al., 2005). However, their biological
characteristics and genetic structure are poorly understood.

According to Magalhaes (2000), several species that occupy different habitats, includ-
ing those within the genus Macrobrachium, have shown interesting adaptive particularities in
their morphological and physiological aspects and behavioral patterns that could be the object
of many studies. These studies are important since in several basins drastic environmental
changes have occurred due to the presence of exotic species, pollution and the deterioration of
aquatic ecosystems caused by human occupation.

As described by Magalhaes et al. (2005), M. amazonicum and M. jelskii have similar
geographic distribution throughout South America (from Venezuela to northern Brazil), and
also the basins of the Orinoco, Amazonas, and lower Parana, and the northeast and southeast
regions of Brazil, including the State of Sdo Paulo. Particularly in this state, the introduction
of both species could have been caused by humans who have interfered by cultivating them
for commercial purposes (live bait for a practice known as “fish-pay”) or by their accidental
escape from the fish breeding stations of CESP (Companhia Energética de Sao Paulo), prob-
ably in the early 1970s.
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Also according to Magalhdes et al. (2005), there are several difficulties in taxonomic
classification of some species of Macrobrachium that are based only on morphological character-
istics so that even the literature regarding this problem is of poor value. Such difficulties are most
evident between M. amazonicum and M. jelskii, which have many morphological similarities that
hinder their identification, and this may even be increased because they are syntopic species.

In the present study, we contribute to the biological knowledge of three Macrobrachium
species: M. amazonicum, M. jelskii and M. brasiliense, using RAPD-PCR (random amplified
polymorphic DNA by polymerase chain reaction) markers to study their genetic polymorphism,
to obtain molecular markers to enable the identification of mainly M. jelskii and M. amazonicum,
which are closely related and syntopic species, and also to assess the phylogenetic relationship
between them. These species are very interesting because they were recently introduced in our
river basins, and currently, they are widely distributed in our region.

RAPD-PCR was chosen because it is considered to be a means of rapidly detecting
genetic polymorphisms. Among the many molecular methods currently available for genetic
studies, it appears particularly suitable for analysis of any species, revealing a high degree
of polymorphism in many cases (Williams et al., 1990; Garcia et al., 1998; Castiglioni and
de Campos Bicudo, 2005; Roratto et al., 2008; Cesniene et al., 2010; Nath et al., 2010). The
method uses PCR with a single short oligonucleotide primer that randomly amplifies short
fragments of genomic DNA, separated by size, with agarose gel electrophoresis. Because the
RAPD technique explores many loci, it is considered to be appropriate for analysis of genetic
distance and phylogenetic relationships.

MATERIAL AND METHODS

Sample sources and DNA extraction

DNA was extracted from Macrobrachium species collected at the following lo-
calities: M. amazonicum (Ma) and M. jelskii (Mj) were collected from the Barra Mansa
Dam, Mendonga, Sdo Paulo State, Brazil (21°14°27”S; 49°56°28”W). M. brasiliense
(Mb) samples were obtained from the Talhadinho Stream, Talhados, Sdo Paulo State,
Brazil (20°47°077S; 49°20°35”W). The outgroup was Potimirin glabra (Pg), collected
in Ubatuba, Sao Paulo State, Brazil (23°26”13”S; 45°04°08”W). DNA was individually
extracted from 42 adults of each Macrobrachium species studied and 12 individuals of P.
glabra, used as an outgroup.

Genomic DNA was prepared as described by Dellaporta et al. (1983), with modifica-
tions adapted by Castiglioni and de Campos Bicudo (2005). Approximately 1g muscle tissue
was homogenized in microtubes with 160 pL cold solution I (10 mM Tris, 60 mM NacCl, 5%
sucrose, 10 mM EDTA, pH 7.8). After adding 200 pL solution 11 (300 mM Tris, 1.25% SDS,
5% sucrose, 10 mM EDTA, pH 8.0), the homogenate was mixed and the tube placed in a water
bath at 65°C for 30 min. Next, 60 pL 3 M sodium acetate was added and the tube was cooled
at -20°C for 20 min. After centrifugation twice for 15 min at 13,000 rpm, an equal volume
of isopropanol was added to the recovered aqueous phase, and the sample was maintained at
room temperature for 5 min. After another centrifugation for 10 min at 13,000 rpm, the pellet
was rinsed with 70% ethanol, dried at room temperature and resuspended in 100 pL TE buffer
(10 mM Tris, 1 mM EDTA, pH 8.0).
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Primers and amplification reaction

DNA was amplified using 10 random decamer primers (selected among 20 previously
tested for the quality of bands produced) whose base sequences are in Table 1. The primers
used were Operon-RAPD® 10 mer obtained from Operon Technologies (Alameda, CA, USA).

Table 1. Nucleotide sequences of the 10 RAPD primers used in the present study.

Primer Nucleotide sequence 5'-3'
02 GTT GCG TTC C
08 GTGACG TAG G
09 TAC CGAAGC C
10 GTG ATC GCA G
11 CAATCG CCGT
13 CAGCACCCAC
14 TCT GTG CTG G
15 TTC CGAACC C
18 AGGTGACCGT
20 GTT GCG ATC C

The amplification reaction was performed in a 25-puL volume containing 2.5 U
Taq DNA polymerase (Biotools), 20 mM Taq DNA polymerase buffer, 3 mM MgCl,,
0.2 mM of each dNTP, 0.2 pM primer, 25 ng genomic DNA and sterile MilliQ water.
Amplifications were performed using an Eppendorf Thermocycler. The reaction profile
was: 94°C for 3 min; 45 cycles for 30 s at 94°C, 1 min at 35°C and 2 min at 72°C, and 5
min at 72°C. The amplification was submitted to electrophoresis on a 1.5% agarose gel
at 70 V for 2 h, stained with ethidium bromide and visualized under UV light. The DNA
marker used on the gel to determine fragment sizes was 1-kb DNA ladder (GE Healthcare
Life Science do Brasil, Ltda.). The size of each fragment was estimated in bp, by finding
the distance between its location and the location of the band closest to the DNA ladder.

We took precautions in relation to the factors that can affect reproducibility of RAPD
profiles by keeping the experimental conditions constant and by avoiding contaminations.
Besides, only the bands with frequencies of at least 10% were considered, in order to avoid
bands possibly resulting from non-specific amplification (Castro and Madi-Ravazzi, 2000;
Castiglioni and de Campos Bicudo, 2005).

We also performed experiments to verify the polymorphism pattern generated by
each of the 10 primers used in this study. Each individual that showed all the bands gener-
ated by each primer was selected, and DNA was amplified again by PCR, under the same
previously standardized conditions. After electrophoresis, also conducted under the same
conditions described above, the amplified bands were analyzed and the results compared
with the previous analysis in order to establish and confirm the genetic profile generated for
each species by each primer.

Data analysis

For detecting genetic relatedness between species, a data matrix for all primers was
produced, with each individual being represented as a vector of 1 and 0 (for the presence
or absence of a fragment, respectively). In the phylogenetic analysis, the PAUP (Phyloge-
netic Analysis Using Parsimony 4.0, beta version) program developed by Swofford (2000)
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was used. This analysis was performed using the neighbor-joining algorithm and bootstrap
proportions (1000 replicates) that determine the confidence level in each node of the phy-
logenetic trees. The trees were rooted by adding P. glabra as an outgroup. The genetic
similarity was computed on the basis of shared bands, as described by Nei and Li (1979).
The similarity indices were calculated separately for each primer and for the complete set
of primers using the mean similarity indices.

RESULTS

The results obtained herein refer to the amplification product produced by using 10
random decamer primers in three shrimp species analyzed in this study, plus the external group.
The polymorphic fragments generated by the RAPD-PCR technique were confirmed from ex-
periments carried out to obtain a genetic profile generated by each primer, in each species.

A total of 182 fragments were obtained, with molecular weights varying from 2.40 to
0.30 kb. As shown in Table 2, the amplification product resulted in totals of 68, 65, 74, and 71
fragments in species Mj, Ma, Mb, and Pg, respectively. Primer 9 was the most polymorphic,
producing a total of 25 different bands, while primer 18 was the least polymorphic, producing
a total of 11 different bands.

Table 2. Number of amplified bands scored with RAPD primers in all Macrobrachium species and in the outgroup.

Primer Total number of bands Species

M;j Ma Mb Pg
02 23 6 10 9 12
08 22 5 7(1) 7 10
09 25 8 6 8 7
10 14 8 6 (1) 6 3
11 21 9(1) 10 8 12
13 15 8 9 9 6
14 15 8 5 5 3
15 19 7 6 7 7
18 11 3 4 9 2
20 17 6 2 6 9
Total 182 68 65 74 71

In parentheses is the number of monomorphic and exclusive bands produced by individual primers in Mj and Ma.
Mj = M. jelskii; Ma = M. amazonicum; Mb = M. brasiliense; Pg = Potimirin glabra.

Of all the fragments obtained, three can be utilized as specific markers for Mj and Ma,
since they were monomorphic (visualized in 100% of the individuals analyzed), and exclusive
to one or the other species: a fragment of 0.60 kb generated by primer 08, exclusive to Ma; a
fragment of 1.50 kb, generated by primer 10, also exclusive to this species, and a 0.60-kb frag-
ment, the amplification product of primer 11, exclusive to Mj (Table 2; Figure 1).

For the phylogenetic analysis, based on data obtained in the present study, evaluated
discretely (presence/absence), the bootstrap method was utilized with a neighbor-joining search
(PAUP 4.0 program). The analyses were carried out using 182 fragments obtained by the RAPD-
PCR technique, producing the phylogenetic tree shown in Figure 2. This figure reveals that Mb
constitutes a more peripheral branch, therefore being the most differentiated of the three species
in the study, jointly with the outgroup Pg. Mj and Ma were found to be phylogenetically closer,
comprising sister branches, with a highly significant dichotomy position (84%).
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Figure 1. Agarose gel (1.5%) showing the different banding pattern observed among Macrobrachium species using
the primer 08 (lanes 2-4), primer 10 (lanes 5-7) and primer 11 (lanes 8-10). Lanes 1 and 12: Molecular weight
markers (1-kb DNA ladder). Mj: lanes: 2, 5 and 9; Ma: lanes 3, 6 and 8; Mb: lanes 4, 7 and 10. Lane 11: Negative
control (without DNA). The white arrows indicate the monomorphic bands, exclusive to Ma or Mj. Mj = M. jelskii,
Ma = M. amazonicum; Mb = M. brasiliense.

84 _

Figure 2. Phylogenetic tree produced by the PAUP 4.0 program for fragments obtained with all primers together.
Pg = Potimirin glabra (as the outgroup); Mj = Macrobrachium jelskii; Ma = M. amazonicum; Mb = M. brasiliense.

Table 3 displays mean similarity indices, calculated for the species analyzed in the
present study, with two-by-two comparison, also including the external group. The calculation
of the indices took into account the number of bands shared between any two species and the
total number of bands present in each species compared, carried out for each primer. After-
ward, the mean values were calculated, as specified in this table.

From the analysis of these data, we can observe a greater similarity between Mj and Ma
(0.4903), and a lesser one between Mj and Mb (0.4363). In the same manner, the comparison be-
tween Ma and Mb showed a lower similarity index (0.4304) than that obtained with the Mj-Mb
comparison. These values indicate the existence of a greater genetic proximity between Mj and Ma.

Table 3. Similarity indices (Nei and Li, 1979) between Macrobrachium species and between each of them and
the outgroup Potimirin glabra.

Mj Ma Mb Pg
Mj 1

Ma 0.4903 1

Mb 0.4363 0.4304 1

Pg 0.1977 0.1988 0.1907 1

Mj = M. jelskii; Ma = M. amazonicum; Mb = M. brasiliense; Pg = Potimirin glabra.
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DISCUSSION

Understanding the evolution of species requires a description of intra- and interspe-
cific variability and the ability to distinguish the potential causes of the observed distribution
of variation (Cognato et al., 1995).

Thus, one of the current challenges in biology is to organize the large amount of mo-
lecular data available so as to elucidate how the organisms are related and how they have been
derived from the evolutionary process. Among the methodologies available, the RAPD-PCR
technique has been amply utilized in different organisms, due to its aforementioned charac-
teristics, with results considered important for this objective (Garcia et al., 1998; Igbal et al.,
2007; Camargo Jr. et al., 2007; Roratto et al., 2008; Guerra Jr. et al., 2010).

In the present study, the RAPD technique was employed to study the genetic variabil-
ity in three shrimp species of the genus Macrobrachium, utilizing P. glabra as the outgroup,
and 10 random decamer primers previously selected from a kit containing 20 primers. As
already mentioned, only the bands with a frequency of at least 10% were considered, in an
attempt to avoid including bands with non-specific amplification (Castro and Madi-Ravazzi,
2000; Castiglioni and de Campos Bicudo, 2005). In this manner, 182 fragments were obtained
from the species analyzed, varying from 2.40 to 0.30 kb, with Mb being the most polymorphic
(74 fragments) followed by Mj (68 fragments) and Ma (65 fragments). In the Pg external
group, 71 fragments were observed by RAPD-PCR.

Our interest in analyzing the genetic variability of these species arises not only from
their economic and ecological importance, as emphasized in previous studies, but also from
the paucity of studies on their biology, from the syntopic and taxonomic difficulties in their
identification, and from the fact that Mj and Ma have been introduced into our region (Kensley
and Walker, 1982; Magnusson et al., 1987).

Currently, the identification of these species is based on the observation of a few mor-
phological aspects based on the terminus of the telson (Melo, 2003). Nevertheless, such char-
acteristics are difficult to visualize due to the small size of individuals and to the anatomical
structures considered. Even so, this situation is aggravated by the fact that these are syntopic spe-
cies, where these characteristics are even more diminutive in their young immature forms. These
factors, taken together, have led to some hypotheses that they are only a single species, meta-
populations or, even, interspecific hybrids (Taddei FG, personal communication). However, as
already noted, literature data that address and clarify these doubts, unfortunately, do not yet exist.

One of the applications of the RAPD-PCR technique is obtaining specific molecular
markers capable of diagnosing populations and species, for taxonomic reasons. As important
characteristics, such markers must be exclusive to the species in question and preferentially
monomorphic, that is, found with 100% frequency among the individuals analyzed (Casti-
glioni and de Campos Bicudo, 2005; Rampelotti et al., 2008; Rahman et al., 2009).

One of the objectives of the present study, as already stated, was to obtain good
RAPD-PCR markers capable of identifying the species studied, principally Mj and Ma, which
are syntopic and morphologically very similar. Thus, two bands were found exclusive to Ma,
generated by the primers 08 and 10, and one band exclusive to Mj, generated by primer 11, all
monomorphic. According to the characteristics shown by these bands, they may be considered
good markers able to diagnose Mj and Ma, syntopic species that show taxonomic identifica-
tion difficulties based only on morphological characteristics, due to the high level of morpho-
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logical similarity between these two species. Furthermore, according to studies conducted
by Taddei et al. (2006) and Sampaio et al. (2007), there is ample diversity in size among the
individuals of the same population and also among different populations, depending on envi-
ronmental variations, which can hinder their identification even more.

The RAPD-PCR technique has been successfully utilized in studies with taxonomic
aims. Wilkerson et al. (1995) utilized the RAPD technique to differentiate four cryptic spe-
cies of the complex Anopheles (Nyssorhymchus) albitarsis, distributed in Brazil, Paraguay
and Argentina. According to these authors, the correct identification of mosquitoes belonging
to the genus Anopheles is an important prerequisite for epidemiological studies involving the
planning and monitoring of programs for control and eradication.

Castro and Madi-Ravazzi (2000) tested the taxonomic potential of the RAPD technique
in species of Drosophila belonging to the group buzzatii, since there are intriguing aspects re-
lated to the speciation process in this group. Several lineages of D. buzzatii, D. seriema, D. ko-
epferae, and D. serido were analyzed. The polymorphism detected permitted recognition of dif-
ferent lineages and species and confirmed the existent phylogenetic relationship between them.

The fact that the RAPD-PCR technique is capable of simultaneously exploring many
gene loci highlights the need for studies on genetic distance, phylogenetic relationships and
genetic identity among populations and species, to obtain data that enable the characterization
of the origin and dispersion of organisms and detection of individuals and populations geneti-
cally resistant to diverse chemicals including insecticides (Garcia et al., 1998; Castiglioni and
de Campos Bicudo, 2005; Cesniene et al., 2010).

In another study, Castiglioni and de Campos Bicudo (2005) genetically character-
ized, by RAPD-PCR, populations of Haematobia irritans (horn fly), an important bovine par-
asite. Four Brazilian populations were analyzed (Rio Branco, AC; Cassilandia, MS; Turitba,
and Sdo José do Rio Preto, SP, Brazil) as well as an additional one from the United States
(Kerrville, TX, USA). In addition to genetically characterizing these populations by the pres-
ence of specific fragments, it was possible, based on the data obtained, to evaluate the phylo-
genetic relationships between them, thus confirming the advantages of using the RAPD-PCR
technique as a molecular tool in genetic analysis of populations.

In the present study, the results obtained with RAPD were also utilized to infer genetic
similarity and notable phylogenetic relationships between the species analyzed. The mean
similarity indices were calculated according to Nei and Li (1979) and confirmed the same
genetic proximity as shown in the phylogenetic tree.

The phylogenetic tree, obtained via parsimony utilizing the neighbor-joining algorithm
and applying the bootstrap method (Swofford, 2000), showed results of good reliability based
on the attainment of a highly significant dichotomy (84%). Analysis of this tree, together with
the calculations of the mean similarity indices, reveals that Mb constituted the most peripheral
branch, therefore being the most differentiated of the three species in the study, jointly with the Pg
external group. Mj and Ma were found to be phylogenetically closer, constituting sister branches.

The greater phylogenetic proximity between Mj and Ma, and their distance from Mb,
based on the data obtained in the present study, can be explained by two important factors that
must be discussed.

First, we may highlight the different habitat conditions in which these species are found.
As already mentioned, individuals of the Mb species were collected from the Talhadinho Stream,
whereas the other two species, Mj and Ma, were gathered from the Barra Mansa Dam. The fact
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that gene flow must be more intense in a stream environment in comparison to a dam, which sup-
posedly is more isolated from other geographical areas, may explain the greater differentiation of
Mb in relation to the other species. It is known that such isolation leads to inbreeding and loss of
genetic variability in populations and species due to genetic drift (Shikano et al., 2010).

Another important factor is the introduction of Mj and Ma into hydrographic basins
in the Brazilian State of Sdo Paulo. Machado (1966) and Torloni et al. (1993) confirmed that
between 1966 and 1973, M. jelskii and M. amazonicum were introduced into a CESP (Com-
panhia Energética de Sdo Paulo) aquaculture breeding station as part of the process to cultivate
the fish Plagioscion squamosissimus, which originated from reservoirs in northeastern Brazil.
Around 1970, probably by accident, these species reached the natural environment, initially in
the Pardo River, next arriving in the Grande River and the reservoirs of Jupia and Ilha Solteira,
in the upper Parana River. Another possibility posited by these authors is the recreational
practice of “fish-pay”, which utilizes these shrimp as live bait, and in many cases results in
the release of unused specimens into the environment. Furthermore, larval, juvenile or other
immature forms of these decapods can be transported inadvertently, associated with the roots
of aquatic plants utilized to house and protect fishes in the reservoirs.

According to Magalhaes et al. (2005), the hydrographic basins in the State of Sdo Pau-
lo have suffered severe anthropogenic interventions that have drastically modified the aquatic
biota. The introduction of alien species into a particular environment can alter its genetic
structure. The founder effect is a “bottleneck” phenomenon which, together with genetic drift,
can diminish the available genetic variability. According to Bain (2006), the loss of genetic
patrimony leads to hybridization in aquatic environments. As we mentioned previously, the
high morphological similarity between Mj and Ma can indicate a probable mechanism of hy-
bridization or formation of metapopulations (Taddei FG, personal communication).

According to Haag et al. (2006), the study of the genetic structure of metapopulations
can offer important insights into the origin and destination of a species, and this study can be
greatly influenced by three consequences of the founder effect: a) strong pressure from genetic
drift during colonization; b) local inbreeding, which can result in hybridization and elevated
rates of migration after subsequent immigration, and c) selection effects through the associa-
tion of neutral genes with linked loci under selection.

In the present study, despite finding three specific RAPD-PCR markers capable of di-
agnosing Mj and Ma, the analysis of the similarity indices and phylogenetic tree generated by
the parsimony method showed high genetic similarity among them, consistent with the probable
conditions of metapopulations or of interspecific hybrids. However, as there are no other re-
searchs in the literature to corroborate these possibilities, other molecular studies and an analysis
of individuals from other geographic areas are needed to resolve these doubts and to comprehend
the relevant aspects of the founder event in the introduction of these species into our region.

The low level of genetic differentiation between Mj and Ma calls attention to the need
for the creation of management policies that can minimize this problem and also prioritize
the maintenance of endemic species. Several studies have demonstrated the importance of
maintaining endemic or native species in the conservation and recovery of natural areas as
constituting a fundamental aspect of preserving the biodiversity of ecosystems and improving
our understanding of their biotic and abiotic interaction processes (Pérez et al., 2003; Facon et
al., 2005; Magalhaes et al., 2005; Roman, 2006; Heborg et al., 2007).

Nevertheless, despite the awareness of this problem, there are still no works in the
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literature that report on the environmental impacts, economic problems or even the possible
alterations in the genetic structure of these organisms, in relation to their introduction into a
different environment.

In this context, studies on genetic polymorphisms that determine the genetic structure
of populations and species, utilized to better understand evolutionary, demographic or ecologi-
cal factors, are very important to the conservation of these groups and constitute an essential
field within the genetics of populations and conservation (Eizirik, 1996; Frankham, 2005).

We conclude that the present data obtained by the RAPD technique provide useful
information on Macrobrachium species, thus enabling their genetic characterization and dif-
ferentiation. These findings may be useful in further studies on these important crustacean
species. This study must be complemented by other studies so that, over time, it will be pos-
sible to answer the questions related to the variability and differentiation among these species.
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