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ABSTRACT. We investigated a reported case of stingray Dasyatis
americana misidentification not detected in a published study using the
random amplified polymorphic DNA (RAPD) technique. If the referred
specimen (landed by fisheries in Ceard, northeastern Brazil) was
misidentified (as Dasyatis centroura) in the field, why did its RAPD data
fail to clarify the mistake? Was it due to limitations of RAPD markers
or perhaps to a taxonomic issue? Contrary to our initial expectations,
neither of these hindered the detection of the misidentification. After
reanalyzing the primary genetic data associated with the misidentified
specimen (PCR gel photographs and/or matrices of presence/absence of
markers for six RAPD primers), we found that the RAPD markers were
sufficient to correctly assign the misidentified specimen to its proper
species identity. In the original study, the specimen misidentification
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was neither noticed by the authors nor apparent in the published article
due to how their results were interpreted and presented.

Key words: Dasyatis americana; Dasyatis centroura,
Fishery product identification

INTRODUCTION

Fishery products frequently have body parts removed, preventing species identifi-
cation based on morphological characters. In other cases, even when intact specimens are
brought to shore or port, the often chaotic environment of a fishery landing is not conducive
to time-consuming identification methods. Incomplete or incorrect identifications of captured
species undermine an essential aspect of fishery management (Morgan and Burgess, 2005).
Several techniques using molecular markers have been used to overcome these problems and
help with species identification (Kochzius, 2009). Generally, these techniques involve tissue
sampling of specimens/fishery products and subsequent laboratory work. Currently, some of
the most used techniques are DNA barcoding (Holmes et al., 2009; Santander-Neto et al.,
2011; but see Toffoli et al., 2008), polymerase chain reaction (PCR)-restriction fragment
length polymorphism (Mendonga et al., 2009), and multiplex PCR (Mendonga et al., 2010). In
addition to these recent techniques, several older molecular marker techniques have been used
in fisheries (Carvalho and Pitcher, 1995). One of these is the random amplified polymorphic
DNA (RAPD) technique.

RAPD markers have the advantages of not requiring previous knowledge of a species
genome, generating large DNA polymorphism data, and being relatively inexpensive (Gros-
berg et al., 1996, Klinbunga et al., 2010; Yazbeck et al., 2011). These properties make the
technique useful for the rapid screening of large numbers of specimens landed by fisheries.
However, RAPD markers have some limitations. For example, interpreting banding patterns
on a gel can be subjective because the intensity of the various markers may differ (Grosberg et
al., 1996). Indeed, a study by Vaz et al. (2006) that used RAPD markers to explore the genetics
of stingrays caught and landed by fisheries in Ceara State, Brazil, has been questioned. Juca-
Queiroz et al. (2008) have stated that one southern stingray, Dasyatis americana, was mis-
identified by Vaz et al. (20006) as the roughtail stingray D. centroura (Figure 1). This mistake
raises several questions: If the specimen was misidentified in the field, why did its RAPD data
fail to clarify the mistake? Are the limitations of the RAPD technique to blame? Alternatively,
could a taxonomic issue be involved in this misidentification? Stingray taxonomy is not trivial,
and three new Dasyatis species have been described in Brazilian coastal waters since 2000: D.
marianae (Gomes et al., 2000; Rosa et al., 2000), D. colarensis (Santos et al., 2004), and D.
hipostigma (Santos and Carvalho, 2004).

Sharks and rays are an important fishery product for Ceara State, the latter being
largely used in traditional regional dishes (Furtado-Neto and Barros-Junior, 2006). Among
the local species, the stingrays D. americana and D. guttata are of greatest importance ow-
ing to their abundance in coastal fisheries (Silva et al., 2007). However, elasmobranchs (the
group containing sharks and rays) are, in general, highly vulnerable to fishery overexploitation
(Dulvy and Reynolds, 2009; Simpfendorfer and Kyne, 2009). Therefore, proper identification
of stingray species involved in this trade is warranted. For this reason, if the species misiden-
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tification was undetected by Vaz et al. (2006) owing to limitations of RAPD markers, future
studies of stingray identification using these markers should be avoided. However, if the mis-
identification was due to a taxonomic issue, an undetected species may have been exploited
by fisheries without notice. In this study, we reanalyzed the primary RAPD data used by Vaz
et al. (20006) to investigate the nature of the species misidentification and its lack of detection.

Figure 1. Southern stingray (Dasyatis americana) specimen from which random amplified polymorphic DNA
(RAPD) markers were obtained by Vaz et al. (2006). This male specimen landed in Fortaleza, Ceara, Brazil, was
originally misidentified as the roughtail stingray D. centroura. Black squares highlight morphologic characters that
are diagnostic for the two species. 1) The breadth of the lower tailfold in D. americana is relatively greater than that
in D. centroura (upper and lower left drawings, respectively). 2) D. americana has a row of tubercles on the midline
of the back with two lines of small tubercles on each shoulder, whereas D. centroura has widely spaced mid-dorsal
bucklers (upper and lower right drawings, respectively). [Redrawn from Bigelow and Schroeder (1953)].

MATERIAL AND METHODS
RAPD markers

Vaz et al. (2006) obtained RAPD-PCR data from tissue samples of 12 specimens
landed by local artisanal fishermen in Fortaleza, Brazil. These specimens included Rhinobatos
percellens (N = 1), D. americana (N =4), D. guttata (N =2), and D. marianae (N = 4). A fifth
D. americana specimen was misidentified as D. centroura (Juca-Queiroz et al., 2008), which
is referred as Dasyatis sp or “D. centroura” throughout the present study. Vaz et al. (2006)
performed PCR using six RAPD primers (Table 1). In the present study, PCR gel photographs
from five of the six RAPD primers used by Vaz et al. (2006) were reexamined to construct new
marker matrices. OPK 08 was omitted because no PCR gel photographs remained.

Present study matrices

Each PCR gel photograph was manually scored for the presence/absence of markers
(bands), which resulted in five individual RAPD primer-specific matrices. An all-primers-com-
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bined data matrix was also assembled (total number of characters = 166). These matrices are
referred to herein as the present-study matrices. These six matrices were subjected to maximum
parsimony (MP) analyses using PAUP* 4.02b (Swofford, 2000). Support for each node from the
majority consensus tree from each dataset was investigated with 10,000 bootstrap pseudorepli-
cates. In addition, the all-primers-combined data matrix was also subjected to genetic distance
analyses [neighbor joining (NJ), uncorrected P] using PAUP* 4.02b. To generate genetic distances
for NJ analysis, we converted the presence/absence of band data to purine/pyrimidine nucleotide
data (1 and 0 to C and A, respectively) using MacClade 4.05 (Maddison and Maddison, 2005).

Table 1. Description of six primers used by Vaz et al. (2006) for amplification of RAPD markers from stingrays
Dasyatis and guitarfish Rhinobatos landed by fisheries in Ceara State, Brazil.

Primer name Sequence (5'-3")

OPC 20 ACTTCGCCAC
OPE 01 CCCAAGGTCC
OPK 08 GAACACTGGG
OPK 11 AATGCCCCAG
OPJ 08 CATACCGTGG

OPM 01 GTTGGTGGCT

Primer sequences according to Operon Technologies Inc. The primers were chosen after initial testing of 20 primers. PCR
were carried out by Vaz et al. (2006) in 25 uL volumes as follows: 3 mM MgCl,, 200 uM dNTPs (GE HealthCare), 10
pM/uL of one primer, 1.0 U DNA Taq Polymerase (Phoneutria), 20 ng genomic DNA template, completed with ultra-
pure distilled water. Cycling conditions for all primers consisted of 3 cycles of 94°C for 60 s, 35°C for 60 s, 72°C for 120
s, followed by 37 cycles of 94°C for 10 s, 40°C for 30 s, and 72°C for 120 s, with a final extension at 72°C for 5 min.

Vaz et al. (2006) matrices

For comparative purposes, the same data handling and analyses described above were
carried out for all six of the original individual RAPD primer matrices generated and used by
Vaz et al. (2006). Because the OPK 08 matrix was available, this primer was included in the
all-primers-combined data matrix for Vaz et al. (2006) (total number of characters = 182).
These matrices are referred to herein as the Vaz-2006 matrices.

RESULTS
Analyses of present-study matrices

MP analyses performed on the present-study all-primers-combined data matrix pro-
duced a single D. americana/Dasyatis sp clade (Figure 2). The same topology was obtained in
MP analyses of three of five individual primers. In the two remaining primers, Dasyatis sp was
either sister to D. americana or no D. americana/Dasyatis sp clade was recovered (Table 2).

NJ analysis carried out on the present-study all-primers-combined data matrix also
produced a single D. americana/Dasyatis sp clade (Figure 3). Genetic distance (uncorrected
P) between Dasyatis sp and any of the other four D. americana individuals ranged from 0.144
to 0.181. In contrast, the genetic distances ranged from 0.398 to 0.440 between D. americana
and D. guttata, from 0.392 to 0.482 between D. americana and D. marianae, and from 0.416
to 0.458 between D. guttata and D. marianae.
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Figure 2. Maximum parsimony tree for the all-primers-combined dataset based on present-study matrices (RAPD
primers: OPC 20, OPE 01, OPJ 08, OPK 11, and OPM 01): consensus tree of 10,000 bootstrap pseudoreplicates.
Ingroup: stingray Dasyatis species. Outgroup: guitarfish Rhinobatos percellens.

Table 2. Phylogenetic relationships between four Dasyatis americana specimens and one Dasyatis sp
specimen, per RAPD primer, after maximum parsimony analysis with 10,000 bootstrap pseudoreplicates based
on present-study and Vaz-2006 matrices.

Clade present-study Vaz-2006

Dasyatis sp and D. americana OPC 20, OPJ 08, OPE 01, OPC 20, OPJ 08, OPE 01, OPK 11, OPK 08,
All-primers-combined All-primers-combined

Dasyatis sp sister to remaining D. americana OPM 01 OPM 01

No clade OPK 11 -
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Figure 3. Neighbor joining tree for the all-primers-combined dataset based on present-study matrices (RAPD
primers: OPC 20, OPE 01, OPJ 08, OPK 11, and OPM 01). Ingroup: stingray Dasyatis species. Outgroup: guitarfish
Rhinobatos percellens.

Analyses of Vaz-2006 matrices

MP analyses based on Vaz-2006 matrices also most often showed Dasyatis sp and D.
americana specimens as composing a single clade (Figure 4; Table 2). In fact, the phylogenetic
signal of Vaz-2006 matrices was even stronger than that of the present-study matrices. For
instance, analysis of the Vaz-2006 OPK 11 data matrix grouped D. americana and Dasyatis sp
as a single clade, whereas that of the present-study OPK 11 matrix failed to do so (see Table 2).
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Figure 4. Maximum parsimony tree for the all-primers-combined dataset based on Vaz-2006 matrices (RAPD
primers: OPC 20, OPE 01, OPJ 08, OPK 08, OPK 11, and OPM 01): consensus tree of 10,000 bootstrap
pseudoreplicates. Ingroup: stingray Dasyatis species. Outgroup: guitarfish Rhinobatos percellens.

The NIJ tree based on Vaz-2006 matrices also placed Dasyatis sp and D. ameri-
cana in a single clade (Figure 5). The genetic distance (uncorrected P) between Dasyatis
sp and any of the other four D. americana individuals ranged from 0.055 to 0.066. In
contrast, the genetic distances ranged from 0.396 to 0.445 between D. americana and D.
guttata, from 0.319 to 0.341 between D. americana and D. marianae, and from 0.357 to
0.385 between D. guttata and D. marianae.
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Figure 5. Neighbor joining tree for the all-primers-combined dataset based on Vaz-2006 matrices (RAPD primers:
OPC 20, OPE 01, OPJ 08, OPK 08, OPK 11, and OPM 01). Ingroup: stingray Dasyatis species. Outgroup: guitarfish
Rhinobatos percellens.

DISCUSSION

Contrary to our initial expectations, neither the limitations of the RAPD markers
nor a taxonomic issue hindered the detection of the misidentification of the D. americana
specimen, which was first noted by Juca-Queiroz et al. (2008) based on external morphol-
ogy evidence. Both MP and NJ analyses clearly indicated the identity of the Dasyatis
sp specimen as D. americana. Two lines of evidence support this interpretation of the
data. First, in nearly all MP and NJ analyses, Dasyatis sp and the remaining D. americana
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formed a single clade. Second, the genetic distance between the Dasyatis sp specimen and
the remaining D. americana (~6% in the Vaz-2006 and ~16% in the present-study matri-
ces) was too small compared with the inter-species distances observed (~37% in the Vaz-
2006 and ~43% in the present-study matrices). Based on Frankham et al. (2004), the fact
that the genetic distance between Dasyatis sp and D. americana is so much smaller than
that between other well-recognized Dasyatis species can be interpreted as a suggestion that
they belong to a single species.

At least two factors suggest that the results obtained in the present study are reli-
able. First, the data were subjected to two kinds of phylogenetic analyses. Fundamentally,
in MP, the data are treated as discrete characters, whereas in distance methods, the data are
used to construct a pairwise distance matrix, which in turn is used to build a phylogenetic
tree (Page and Holmes, 1998). Therefore, the fact that the same topology was obtained
after these two methods were applied suggests that the phylogenetic signal of the data is
robust. Second, two researchers independently scored the presence/absence of bands in
PCR gel photographs (Vaz LAL, in Vaz et al., 2006, and Rolim LS, in the present study).
As previously mentioned, one of the limitations of RAPD markers is subjectivity in scor-
ing ambiguous markers (Grosberg et al., 1996). Therefore, the overall congruence of the
results further supports the robustness of the RAPD marker data examined.

As mentioned in the introduction, DNA barcoding is currently one prominent ap-
proach to the molecular identification of specimens (Holmes et al., 2009; Santander-Neto
et al., 2011). Basically, this approach involves DNA extraction, PCR amplification using
specific primers, and DNA sequencing. In contrast, RAPD techniques involve only DNA
extraction and PCR using non-specific primers that can be used for amplification in any
organism. These properties make RAPD techniques considerably more cost-effective, es-
pecially for organisms in which primers/markers that are more specific have not been de-
veloped or described (Klinbunga et al., 2010; Yazbeck et al., 2011). In this context, despite
the widely known limitations of the RAPD technique (Grosberg et al., 1996), the markers
investigated showed potential for use in Dasyatis stingray identification.

Given that the re-analyses of Vaz et al. (2006) RAPD data revealed that the speci-
men originally misidentified as “D. centroura” was in fact D. americana, why the authors
of the referred study did not detect it? The oversight was due to an incorrect interpretation
of results. The authors did not suspect that the close proximity of “D. centroura” and D.
americana, seen also in their preliminary analyses, was evidence of a misidentification
(Vaz L, personal account). Subsequently, because Vaz et al. (2006) intended only to deter-
mine the phylogenetic relationships among D. americana, “D. centroura”, D. guttata, and
D. marianae; they did not present an original MP tree that included all specimens analyzed.
Instead, for clarity and simplicity, they drew a rectangular cladogram displaying only each
of the four species investigated and the outgroup species (Figure 6). Although the phyloge-
netic relationships among the species were indeed presented in a clear and straightforward
way through this presentation, with one specimen per species, the formation of a single
clade including “D. centroura” and the remaining D. americana was unapparent. In addi-
tion, because branch lengths were not informative in the Vaz et al. (2000) tree, the same-
species scale of genetic distance between “D. centroura” and the remaining D. americana
was no longer apparent. Consequently, the genetic evidence for the misidentification of the
specimen was lost.
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Figure 6. Rectangular cladogram drawn by Vaz et al. (2006) to represent the phylogenetic relationships among the
stingrays Dasyatis americana, “D. centroura” (a misidentified D. americana), D. guttata, and D. marianae.
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