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The Brazilian Amazonian coast, extending from Amapá to Maranhão states, is
drained by a series of small to medium sized rivers of the Amazon basin. The PindaréMearim is an isolated basin formed by the junction of the Pindaré and Mearim
rivers at its lower portion. Along the Pindaré and Mearim rivers there is a single
reported species of freshwater stingray identified as Potamotrygon motoro. Although
specimens have been deposited in research institutions, most of these specimens
have been captured on the Amazon basin and its direct tributaries or along the
Panará-Paraguay river basin. Hence, there is a severe lack of information on the P.
motoro of the Pindaré- Mearim river basin. Here we present new data regarding P.
motoro general morphology, emphasizing the color variation, sexual dimorphism
and notes on its biological aspects.
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Resumo
A costa amazônica brasileira, que se estende desde o estado do Amapá até o
Maranhão, é drenada por uma série de rios de pequeno e médio porte na bacia do
Rio Amazonas. A bacia do rio Pindaré-Mearim é isolada, formada pela união dos
rios Pindaré e Mearim em sua porção inferior. Ao longo dessa bacia, há somente
uma espécie de raia de água doce, Potamotrygon motoro. Apesar de exemplares
dessa espécie terem sido depositados em instituições de pesquisa, a maioria destes
foi capturada na bacia do Amazonas e seus afluentes diretos ou ao longo da bacia
Paraná-Paraguai. Desta forma, há uma grave falta de informações sobre P. motoro da
bacia do Pindaré-Mearim. Aqui apresentamos novos dados sobre a morfologia geral
de P. motoro enfatizando a variação de colorido, dimorfismo sexual e notas sobre
aspectos de sua biologia.   
Palavras-chave: água doce; elasmobrânquio; raia-de-fogo; morfologia.
Resúmen
La costa amazónica brasileña, que se extiende desde el estado de Amapá hasta
Maranhão, es drenada por una serie de ríos de pequeño a mediano porte en la
cuenca del río Amazonas. Pindaré-Mearim es una cuenca aislada, formada por la
unión de los ríos Pindaré y Mearim en su porción inferior. A lo largo de la cuenca,
hay solamente una especie de raya de agua dulce, Potamotrygon motoro. Aunque
los especímenes de esta especie se depositaron en instituciones de investigación, la
mayoría fue capturada en la cuenca del Amazonas y sus afluentes directos o a lo largo
de la cuenca del río Panará-Paraguay. Por lo tanto, hay una gran falta de información
sobre P. motoro en la cuenca del río Pindaré-Mearim. En el presente trabajo son
presentados nuevos datos sobre la morfología general de la especie, enfatizando la
variación del color, el dimorfismo sexual y una nota sobre sus aspectos biológicos.
Palabras clave: agua dulce; elasmobranquio; raya ocelada de río; morfología.

INTRODUCTION
The freshwater stingrays of the Potamotrygonidae family (Chondrichthyes:
Elasmobranchii) comprise five genera, Potamotrygon Garman 1877, Heliotrygon
Carvalho and Lovejoy 2011, Paratrygon Duméril 1865, Plesiotrygon Rosa Castello and
Thorson, 1987 and the recently included and revised amphi-American Styracura
Carvalho, Loboda and Silva 2016 (Carvalho 2016), formerly identified as Himantura
Müller and Henle 1837. The family includes 42 valid species distributed in five genera,
Potamotrygon (35), Heliotrygon (2), Paratrygon (1), Plesiotrygon (1) and Styracura (2)
(Silva and Loboda 2019). The only properly marine and estuarine representatives
are Styracura schmardae (Werner 1904) and S. pacifica (Beebe and Tee-Van 1941)
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(Bigelow and Schroeder 1951; Castro-Aguirre 1978; Thorson et al. 1983; Cervigón et
al. 1992; Almeida et al. 2008), although some species have been observed in brackish
waters such as P. scobina Garman 1913 and P. orbignyi (Castelnau 1855) in the Amazon
estuary along with marine species (Charvet-Almeida 2001; Almeida 2003).  
The Amazonian coast of Brazil, extending from Amapá to Maranhão states,
is drained by a series of small to medium sized rivers of the Amazon basin (Geyer
et al. 1996; Pereira et al. 2012); not all directly linked to the Amazon flow system
(drainage), but also under the influence of its mixing coastal waters (Nittrouer and
DeMaster 1996). The Pindaré-Mearim basin is an isolated basin formed by the
junction of the Pindaré and Mearim rivers at its lower portion, which drains to the
São Marcos Bay located 480 km southeast from the Amazon mouth. Along the lower
Pindaré, just before the junction with the Mearim river, there are a series of shallow
lakes formed by the extension of the plains, a repeated process in the region known
as “Baixada Maranhense”, and still under the influence of the high tides (up to seven
meters) in the São Marcos Bay. This influence is remarkable and reported by local
fishermen on the life cycle of marine shrimps and crabs occurring in the lakes and
occasional captures of sharks and sawfishes (Feitosa et al. 2016; Feitosa et al. 2017;
Feitosa et al. 2018). Most of the species reported in the Mearim basin are Amazonian
with some interesting exclusions and endemism cases (Piorski et al. 2017; Abreu et
al. 2019). Along the Pindaré and Mearim rivers there is one single reported species
of freshwater stingray identified as Potamotrygon motoro (Müller and Henle 1841)
by Compagno and Cook (1995), Soares (2005) and posteriorly confirmed based on a
broad recent review for the species (q. v. Loboda and Carvalho 2013; Carvalho et al.
2016). Although specimens of P. motoro have been deposited in research institutions
in Brazil and several other foreign countries, most of these specimens were captured
on the Amazon basin and its direct tributaries or along the Panará-Paraguay river
basin. Hence, there is a severe lack of information on the P. motoro of the PindaréMearim river basin and availability of specimens for scientific analysis in a number
of representative collections.
Here we present a report of the P. motoro in the Viana lagoon system based on
a larger sample size, emphasizing the color variation, sexual dimorphism and notes
on its biological aspects.

MATERIAL AND METHODS
All specimens were captured in the Viana Lake (Maranhão State, Brazil),
part of the lower Pindaré-Mearim river basin (3°13’59’’S e 44°59’13’’W) (Figure
1), by bottom longline and baited with local small fishes. The catches were in the
night period from 6 p.m to 2 a.m. in order to avoid piranhas (Pygocentrus sp and
Serrasalmus sp.) predation over the baits or captured stingrays. Five cruises were
performed (July/02/2017 one single gravid female; September/30/2017, 26 specimens;
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July/10/2018, 5 specimens; November/16/2018, 7 specimens; and July/16/2019, 4
specimens) (Figure 1). Immediately after capture all specimens were conditioned in
ice and transported to the laboratory where they were frozen waiting for analysis.
When defrosted, they were measured to the nearest millimeter with Vernier calipers,
weighed to the nearest gram (g) for total and gutted weight (Toledo scale) and to
the centesimal of gram for internal organs (Mars scale), dissected for reproductive,
feeding and taxonomic studies, and preserved in formalin solution (10%).

Figure 1. Viana Lake in the Pindaré-Mearim river basin. The colored dots represent
the sample sites: Site 1. 3o14’32»S-45o01’26”W (July/02/2017); Site 2. 3o14’22»S-45o01’22”W
(September/30/2017); Site 3. 3o13’59”S-44o59’13”W (July/10/2018), Site 4. 3o13’02”S-45o00’4 1”W
(November/16/2018), and Site 5. 3o12’57”S-44o58’59”W (June/15/2019).

All measurements followed Rosa (1985) (Figure 2) modified on the inclusion
of the following measurements: disc width at the eyes (transverse disc line passing
over the anterior margin of the eyes), disc width at the origin of the pelvic fins, snout
to 1st gill slit, mouth to 1st gill slit, cloacal opening length, pelvic fin base, tail length
from posterior disc margin to sting insertion, inner clasper length, dorsal tail length
and prepelvic length. Tooth and spinulation morphology followed Deynat and Séret
(1996).
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Figure 2. Measurements taken from analyzed specimens of P. motoro; 1. Total length
(TL), 2. Disc width (DW), 3. Disc length (DL), 4. Disc width at the eyes (DWE), 5. Disc
width at the origin of the pelvic fins (DWP), 6. Internal disc length (IDL), 7. Eye length
(EL), 8. Spiracle length (ESL), 9. Interocular width (IOW), 10. Interspiracular width
(ISW), 11. Preocular length (PL), 12. Tail width (TW), 13. Tail width at sting (TWS), 14.
Tail heigh (TH), 15. Sting length (SL), 16. Prescapulocoracoid length (PSL), 17. Precloacal
length (PCL), 18. Cloaca to caudal sting (CCS), 19. Mouth to first branchial slit (MBS), 20.
Prebranchial length (PBL), 21. Mouth to cloaca (MC), 22. Cloacal length (CL), 23. Preoral
length (POL), 24. Prenarial length (PNL), 25. Branchial basket length (BBL), 26. Branchial
basket width (BBW), 27. Branchial basket width at fifth slit (BBW5), 28. Mouth width
(MW), 29. Nostril length (NL), 30. Internarial width (INW), 31. Pelvic fin width (PW), 32.
Pelvic fin length (PFL), 33. Pelvic fin base (PFB), 34. Inner clasper length (ICL), 35. Clasper
length (CL), 36. Dorsal tail length (DTL), 37. Tail length from posterior disc margin to
sting insertion (TLS), 38. Prepelvic length (PCL), 39. Tail length (TL).

All specimens were labeled and saved in tanks of formalin solution and
partially deposited in the UFMA-Pinheiro collection of fishes. Three specimens were
deposited at the Universidade Federal do Maranhão Fish Collection (CPUFMA-3161,
three male specimens with 180 mm, 290 mm and 350 mm DW, captured in the
same cruise, September/30/2017). This study followed the license for permanent
collecting of zoological material of the Instituto Chico Mendes de Conservação da
Biodiversidade-ICMBio (SISBio number 58240-1) and was submitted to the Ethics
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Commission on the Use of Animals of the Universidade Federal do Maranhão-UFMA
(Certificate CIAEP: 01.0341.2014).
Statistical analyses were performed on the index data matrices obtained from
the morphometric protocol measurements for each specimen. In order to avoid
the effect of allometry, each morphometric measurement was transformed into
morphological indices calculated as a percentage of disc width (DW). Data were
previously tested for their nature for normality (Shapiro-Wilk test) and homogeneity
(Levene test). The Student’s t-test was applied to the matrix to test morphometric
differences between genders, but when the data did not meet the prerogatives to
apply parametric tests, the Wilcoxon test was chosen. The analyses were performed
in the R environment (R Development Core Team 2011). In order to evaluate the
ontogenetic variation between genders, the allometry coefficient was calculated
based on the power equation Y = aXb. This equation was linearized as log y = log a
+ b log x, and LD was used as the predictor variable (x), and the other dimensions
as the independent variable (y). For this analysis we used the program REGRANS
(Pezzuto, 1993). All tests considered the significance level of 5%.

RESULTS
Species Identification
The sample consisted of 27 females with disc widths (DW) ranging from
137 to 613 mm, and 16 males with disc widths from 132 to 447 mm DW. All fortythree specimens presented an expected color variation within the same species and,
according to local fishermen, this is the only stingray color pattern they know to
occur in freshwater stingrays in the Viana Lake. These are evidences that there is
only one species in the area. Based on the key for species of the genus Potamotrygon
provided by Rosa and Carvalho (2016) and review of Carvalho (2016), all specimens
were putatively identified as Potamotrygon motoro by the presence of circular ocelli
larger than the eye diameter and distributed in concentric pattern, no ocelli over the
tail, spines on the tail in a single longitudinal line and the presence of star-shaped
dermal denticles over the dorsal disc.

General Morphology
Stingrays with oval shaped disc, slightly longer than broad; pelvic fins
ventrally to the pectorals, extending their posterior margins immediately behind the
pectorals; tail dorsally origin at the level of cloaca, slightly depressed at the caudal
sting origin to well compressed at the sting ending, covered with a single dorsal line
of posteriorly curved spines that extend to the sting base; irregular accessory spines
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may occur; lateral spines smaller and randomly distributed. Pelvic fins are broad,
strong and ventrally positioned slightly forward to the tail origin; anterior margin
straight in juveniles, but slightly convex in larger specimens; broadly rounded apex
and fringed posterior margins.
Teeth in quincunx along the jaws with distinct sexual dimorphism,
monognathic and dignathic heterodonty. Upper jaw arranged in three distinct
regions for both sexes, central, intermediate and posterior, but far more evident
(aberrant) in females; females with rhomboid molariform teeth on central rows,
changing abruptly in size and form to hexagonal on intermediate rows and changing
again to rhomboid teeth on posterior rows; males with teeth crowns lanceolate and
single cusped on central rows, changing abruptly in form (hexagonal) and size on
intermediate rows and returning to rhomboid on posterior teeth rows (Figure 3).
Lower jaw with more uniform molariform teeth in females, but in males’ central
rows are single cusped while lateral and posterior teeth are rhomboid molariformes.
Immature specimens with uniform molariform teeth and no evident dimorphism or
heterodonty.

Figure 3. Variation in tooth morphology in adult female (a, b) and adult male (c, d) in P.
motoro of the Viana Lake. Scale bar represents 5 mm.   
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Spinulation
Dorsal surface of the disc covered with star-shaped dermal denticles
distributed mostly uniformly, but with enlarging denticles from disc border toward
the central area. The borders of the disc and spiracle-eye regions are covered with
smaller and multicuspidate denticles replacing abruptly to the star-shaped dermal
denticles type. Median line of spines extending from the origin of the tail, in some
specimens slightly anterior, to the sting base; frequently one single line of posteriorly
recurved spines with occasional two irregular lines. Smaller dorso-laterally spines
on the tail occur as transitional enlargement of denticles, randomly distributed and
pointed upward (Figure 4).

Figure 4. Spinulation on female specimens of P. motoro of the Viana Lake. View on the
eye-spiracle region (a) and enlargement of the star-shaped denticle type (b). Dorsal and
lateral caudal spines on the tail (c, d). Scale bars are: a – 15 mm, b – 5 mm, c – 10 mm, d –
40 mm.  

Color Pattern
Disc dorsally olive-brown or dark brown to dark grayish-brown, covered with
yellow to orange ocelli, sometimes tricolored ocelli, surrounded by a blackish ring;
two or three concentric circles of ocelli progressively enlarging from external to
inner ones (Figure 5). Eyes may be surrounded by two or three pairs of small ocelli;
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usually one pair medially anterior, one pair over and one pair posterior to the eyes,
but these ocelli may be distributed on the lower surface of the eyes. Spiracles do
not show the same surrounding pattern as eyes, but the spiracular valve have one
or two pairs of small ocelli extending to the border of spiracles. Larger specimens,
specially females, present a randomly distribution of proportionally smaller ocelli –
eye diameter ocelli – in a spaced pattern, frequently split in two or three small ocelli
and a less conspicuous to indistinct blackish ring. Ocelli restricted to the base of the
tail, not extending the posterior margin of pelvic fins. Tail with the same background
color of the disc, sometimes with scattered small yellowish spots along the sides
splitting and waning before the sting base line, where they disappear. Pelvic fins
have a faded version of disc color pattern.

Figure 5. Variation in dorsal color pattern in P. motoro of the Viana Lake. All specimens
were recently captured or recently defrozen. Vernier caliper is 150 mm.   
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Ventral color is centered white with enlarging and darkening grayish margins
from the snout to the pelvic fins, and posteriorly to the cloaca (Figure 6). Scattered
darker spots from the margin to the whitish ventral area may occur in both sexes.
One recurrent central and irregularly bordered dark spot can be seen over the
pectoral girdle. Tail, claspers and posterior margin of pelvic fins are dark gray with
scattered whitish spots distributed mostly on the tail.

Figure 6. Variation in ventral color pattern in P. motoro of the Viana Lake. Both
specimens (female on the left and male on the right) were recently defrozen. Vernier
caliper is 150 mm.   

Morphometry and Sexual Dimorphism
Both tests (Student’s T-test and Wilcoxon) revealed gender differences in
weight and in five body regions (Disc, Head, Tail, Pelvics and Teeth), totaling 16
measurements. In general, it can be said that females have higher mean values of
weight and measurements concerning the disc, pelvic and teeth; while males had
higher means for head and tail measurements (Table 1). Males presented a head
about 10% larger than females and a longer tail of about 6.5%. However, females had
nearly 11.5% more teeth in the upper jaw than males.
The identified allometric relationships are predominantly negative (Table 2),
except for the total length in males and the sting length in females, both positive.
Males have longer tail lengths than females, as evidenced by the Wilcoxon test.
Thus, it is likely that this difference was reflected in the total length, reversing the
allometric trend observed in females for a positive allometry in males.
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Table 1. Comparative morphometry of Potamotrygon motoro from Viana Lake for males
and females presented for region of the body. Mean values in bold identify the gender
with the highest means for each measurement. Means and standard deviations (SD) were
estimated on expressions of the percentage of disc width. Student’s t-test (T) or Wilcoxon
test (W) are presented along with its respective probability (P), number of specimens in
the analysis (N) and test result values (T/W).
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Table 2. Equations resulting from the relationships between linear body dimensions and
disc width (DW). The tendency of allometry, positive (+) or negative (-) was expressed
for each gender, males (M) and females (F), for total length (TL), disc length (DL), eye
length (EL), spiracle length (ESL), sting length (SL), branchial basket length (BBL) and
mouth length (MW). The coefficient of determination (r2) for the linear equations are also
represented.

DISCUSSION
Freshwater stingrays are informally known to occur in the Pindaré-Mearim
basin since the decade of 1980 (Pinto 1987). Rosa (1985) does not mention the presence
of P. motoro in the Pindaré-Mearim basin in his review of the South American
freshwater stingrays, suggesting that the presence of these stingrays was still
unknown by that time. On the other hand, the record of the P. motoro is frequently
credited to Compagno and Cook (1995), although they provide no source for this
information, and subsequently recorded by Soares (2005), where the species was
identified as P. motoro and corroborated by Loboda (2010) and Loboda and Carvalho
(2013).
All analyzed specimens showed a general morphology expected in one single
species. However, the genus Potamotrygon tends to present a conservative general
morphology in relation to disc shape and proportions, position and size of pelvic fins
and tail length. Considering teeth morphology, the specimens analyzed in the present
study exhibited clear differentiation between sexes and life stages. Such pattern is
expected since most of elasmobranchs present niche segregation, in order to avoid
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direct competition (Bigelow and Schroeder 1953). Immature individuals exhibited
uniform teeth, evidence of a more simplified diet based on insect larvae and other
invertebrates (unpublished material). Regarding sexes, differences in dentition were
also observed, with females presenting more differentiated and heterogeneous teeth.
Greater insertion of teeth in the upper jaw in females is also observed in other species,
whereas functional consequences remain unknown (Rangel et al. 2016). Studies show
that mature males can present great differentiation in relation to dentition, since
changes may occur during the reproductive period (Gutteridge and Bennett 2014;
Belleggia et al. 2016; Rangel et al. 2016). Such changes make male dentition more
triangular and elongated. It is believed that this occurs to facilitate copulation as
males need to bite females for fertilization while swimming. In the case of P. motoro,
male dentition does differ from females, but are simpler and more homogeneous.
This result indicates that teething changes for reproduction may not occur in this
species, and further studies of the diet of this population are necessary to clarify if
such differences are related to diet segregation.
Dermal denticles are associated with reduced drag effect and increasing
hydrodynamics (Lang et al. 2012). In addition to species-specific variations, spacing
and different shape patterns of dermal denticles are common in the same individual
(Loboda and Carvalho 2013; Orlando et al. 2015). These dermal denticles’ variations
may be associated with the active control of the external margin of the pectoral
fin, a characteristic that aids on movement as well as swimming speed (Blevins
and Lauder 2012). That is, changes in the frequencies of pectoral fins beats assist in
animal’s movement, and the presence of smaller and multicuspid dermal denticles
may be associated with the various swimming functions performed by the margins
of these fins, reducing the need for hydrodynamic dermal specialization to reduce
water drag.
One of the main defense structures of freshwater stingrays is the caudal
sting and its serrated anatomy aids in poison’s penetration (Naylor et al. 2016). The
spines in the dorsal and lateral region of P. motoro tail may also be an anti-predatory
advantage. When benthic rays detect a threat, tail-side (horizontal or vertical)
movements are employed to ward off the predator using the stinger as a primary
weapon (Hughes et al. 2018). In situations where the predator is not hit by the caudal
sting, spines in the dorsal and ventral tail will increase the likelihood of predator’s
injuring, an additional defense mechanism against threats. Further studies on P.
motoro behavior are necessary to better understand the role of caudal spines in
defense.
Loboda (2010) analyzed one female specimen captured in the Pindaré-Mearim
basin (MZUSP-51676 mature female, 285 mm DW) collected by Paulo E. Vanzolini in
1955. He provides a morphometric description of this specimen along with its color
identification and dermal denticles grouping and a geographic analysis of its possible
interrelationships in the Amazon basin. This author concludes that the color pattern
presented by the Pindaré-Mearim specimens is closely related to the color pattern
presented by specimens in the Marajó Island. The color variation observed in the
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present analysis seems to be related to growth, where large specimens present ocelli
relatively smaller and more spaced than smaller specimens. Similar pattern was
observed in P. scobina by Almeida (2003) in specimens from the Marajó bay, where a
series of different color patterns were described. However, the same author concluded
that all different color patterns belonged to the same species based on mitochondrial
DNA (16 S) gene analysis. Immediately after capture, all specimens showed very
similar background color pattern. The dorsal background color variation observed
between specimens in Figure 5 may be related to profound stress before death and/or
previous fight against the hook and line, deeply scratching the dorsal surface into a
hematoma condition. The same pattern was also observed in the ventral color, where
some specimens showed a reddish color probably related to abrasion or pressure
against a rough surface. This is more concerning when the animal is preserved for a
medium to long time, since it gives a shady cream where originally it was cream and
a faded gray where it was dark gray.          
In the present study, morphometric differences were observed when
comparing males and females. Considering the eviscerated weight and liver weight,
females presented higher values. This pattern is expected, since adult females have
developed reproductive system that weighs more than the male reproductive tract,
adding more volume to the total viscera weight. The difference observed in liver
weight is also expected, since adult females require greater energy mobility and
organ functioning for vitellogenesis and nutrition during the period of embryonic
development (Conrath and Musick 2012).
External morphological differences between males and females are not
uncommon in elasmobranchs. In general, females are larger, given the need for
maternal investment during embryonic development (Walker 2005). In some
species, fertility is directly related to body size, with the larger and older females
generating more offspring (Walker 2005). In the present study, females presented
larger disc width. This pattern may correspond to evolutionary adaptations related
to viviparity, in which larger internal space is necessary to promote greater womb
accommodation for the litter (Martins et al. 2015). Still, considering reproductive
aspects, females presented longer cloaca length compared to males, a pattern
expected, since this structure has additional functions in females (Conrath and
Musick 2012). As elasmobranchs copulate while swimming, increasing cloaca length
in females facilitate clasper insertion, as well as birth.
Another variation observed was in the width of the pelvic fins, being larger
in females than males, a difference that may be essential in reproductive behavior,
such as copulation, as observed for some shark species (Martins et al. 2015). The
hydrodynamic contribution of the pelvic fin should also be considered, as it plays an
important mechanical function (Raff 2012). Briefly, the pelvic fins compensate for the
rippling of the pectoral fins by propelling the body against the substrate, performing
synchronized ambipedal maneuvers and prey capture movements (Shibuya et al.
2015). Thus, it is possible that the increase in pelvic fin width in females may occur
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due to the need to optimize swimming movements as a way to compensate for the
larger dimensions of its disc (Macesic et al. 2013).
The longest tail length and largest tail width in males may be related to the
evolutionary adaptation observed in males in some elasmobranchs. More specifically,
males tend to have a more hydrodynamic and fusiform body, indicating niche
sexual segregation (Piorski and Nunes 2000) and swimming dynamics adaptations
necessary for the active pursuit of females (Rolim et al. 2015). The tail in freshwater
stingrays does not seem to have as many functions explored in swimming as for
defense (Macesic et al. 2013), but we believe that the longer tail length presented by
the males in the present study may contribute to a more hydrodynamic swimming
activity (Lauder and DiSanto 2015). Finally, the greater tail width in the thorn
insertion region may be related to defense and/or competition behaviors. Behavioral
studies conducted with the captive P. motoro indicate that the court is extremely
complex, with some bites and other same-sex agonistic behaviors, probably linked
to competition for partners (Wren and Fletcher 2001). However, further studies are
needed to elucidate the relationship between greater muscle development in the
region and agonistic behaviors.

CONCLUSION
Here we present unpublished data on morphology and morphometry genderbased in P. motoro caught in the Pindaré-Mearim river basin. These data are
important so that future comparisons with individuals of this species captured in
other regions can be made.
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