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ARTICLE INFO ABSTRACT
Article History:
Received: July 12, 2021 Sleeper rays of family Narkidae are represented in demersal shrimp

Accepted: June 30, 2022  trawl by-catches of Visakhapatnam (Lat. 17°01' N to 19°22' N; Long. 83°23'
Online: Aug. 25, 2022 E to 85°14' E), in the central-eastern coast of India. A total of 158
specimens belonging to two genera Heteronarce Regan, 1921 (three

species) and Narke Kaup, 1826 (two species) were collected from July 2015
to March 2018. These species are often misidentified in the catches due to
several overlapping characters. Multivariate analysis including Principal
Component Analysis (PCA) has been carried out to identify distinguishing
characters to help in differentiating these species. In addition, DNA
barcodes were generated for two species in genus Narke, and a phylogenetic
tree was constructed with reference sequences. Molecular phylogenetic
results were assessed and integrated with sound morphological evidence.
Thus, the present paper helps in clarifying taxonomic ambiguities by
providing diagnostic characteristics, comparing morphometric data of
closely related species, and discussing the validity of Heteronarce
prabhui Talwar, 1981 and Narke impennis (Annandale, 1909). In the present
study, H. prabhui represents the first report from the east coast of India;
barcode sequences were generated for the first time for N. impennis.
Additionally, Cytochrome C Oxidase | (COI) gene sequences were
generated for the first time from the Indian waters for N. dipterygia (Bloch
and Schneider, 1801).
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Sleeper rays of family Narkidae are caught as minor by-catches of offshore trawl
fisheries and probably inshore artisanal net fisheries. They possess paired kidney-shaped
electric organs on the base of pectoral fins and can deliver a strong shock to the unwary
when disturbed or caught,; however, they are usually inoffensive to people. Their prey
ranges are limited, feeding on small invertebrates on the bottom, polychaete worms and
perhaps small organisms inside mud pellets (Compagno & Last, 1999).
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Last et al. (2016) have provided complete pictorial atlas of world’s ray fauna,
where the occurrence of Heteronarce mollis (Lloyd, 1907) and Narke dipterygia (Bloch
and Schneider, 1801) was reported from the Indian waters. Detailed descriptions of H.
mollis, H. regani von Bonde and Swart, 1923, H. natalensis Fowler, 1925, H. garmani
Regan, 1921, N. capensis (Gmelin, 1789), H. bentuviai (Baranes and Randall, 1989),
N. dipterygia and H. rierai Lloris and Rucabado, 1991 were provided in the studies of
Lloyd (1907), von Bonde and Swart (1923), Fowler (1925a), Smith (1961), Smith and
Heemstra (1986), Baranes and Randall (1989), Monkolprasit (1990), Lloris and
Rucabado (1991), respectively.

Ramaiyan and Sivakumar (1991), Krishnan and Mishra (1993), Sujatha
(2002), and Raje et al. (2007) reported the occurrence of N. dipterygia from the Indian
waters. But due to various overlapping characters between N. dipterygia and N. impennis
(Annandale, 1909), the latter is frequently misidentified as N. dipterygia. Hence, the
afore- mentioned reports conducted on the occurrence of N. dipterygia may include
specimens of N. impennis. In addition, Ravali et al. (2018) reported N. impennis from the
Visakhapatnam coast.

In Visakhapatnam, three species of the genus Heteronarce Regan, 1921 -
H. garmani, H. mollis, H. prabhui Talwar, 1981 and two species of genus Narke Kaup,
1826 - N. diptertygia and N. impennis of family Narkidae are represented in the by-catch
of trawl fisheries (Sujatha et al., 2021). The conservation status of these species
according to IUCN Red List criteria of threatened species (2021-1)
(www.iucnredlist.org) is Data Deficient (DD), except for H. garmani that was placed in
Near Threatened (NT, nearly meeting Vulnerable A2d) Category as this species has
undergone a population reduction of 20-29% over the past three generations (15 years)
due to the levels of exploitation (by-catch). There is a lack of population trend data, and
this species is exposed to trawl fishing pressure across its range.

The number of dorsal fins varies across the two genera: single (Narke), and two
dorsal fins (Heteronarce), which originate completely posterior to the pelvic fin bases.
Dorsal surface of the body and tail: brown or reddish brown or grey, either plain or with
paired creamish, with white spots and streaks on either side of the tail. Ventral surface
uniform creamish - white/grayish with brown margins towards the edges of disc and
pelvic fins. There exists confusion in correct identification of species of these genera due
to various overlapping characters, Principal Component Analysis (PCA) that aids in
identifying major distinguishing characters was carried out. DNA barcoding proposed by
Hebert et al. (2003) was used as an additional aid to traditional taxonomy for accurate
identification of species. Thus, the present paper provided diagnostic characters,
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biometric data and colored illustrations for five species of family Narkidae that help in
resolving taxonomic ambiguities existing among these species.

MATERIALS AND METHODS

A total of 158 specimens with length range from 43-227mm total length (TL) of
sleeper rays were collected during July 2015 to March 2018 from shrimp trawl low value
by-catch of Visakhapatnam fisheries harbor. Catches from shrimp trawlers (13-15 m
OAL) operating in coastal waters off Visakhapatnam (Lat. 17°01' N to 19°22"' N; Long.
83°23' E to 85°14' E), central east coast of India, at a depth ranging from 20 to 200 m
were landed (Fig. 1). Moreover, the collections included samples from Chennai fisheries
harbor. Colored photographs were taken and coloration of the specimens was noted in
fresh condition. The total length of specimens was taken from the tip of snout to caudal
fin end (TL) and was measured to the nearest millimeter. Specimens were identified to
species level following the standard taxonomic works of Compagno and Last (1999),
Carvalho (2016) and Nelson et al. (2016). After identification, morphometrics and
terminology for morphological characters including abbreviations followed the
descriptions in the studies of Compagno and Heemstra (2007) and Last et al. (2016).
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Fig. 1. A map of the central east coast of India showing the sample collection
centerss

PCA was carried out for all morphometric characters of the five species under
study. Before computation, all these characters were adjusted to pool information from
different characters into a comparable scale following Thorpe (1983). This analysis was
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carried out using SPSS version 14.0 software (Coakes & Steed, 2007). The Tukey test
was performed only for those characters that became significantly different. Characters
for which loadings are above 0.90 were considered significant.

For molecular analysis, the total DNA was extracted from muscle tissue preserved
in 95% ethanol following the standard phenol chloroform method (Sambrook et al.,
1989). After extraction, quality and quantity of DNA was measured with UV
Spectrophotometer and DNA diluted to 100ng/ul for further use. Approximately, 655bp
of Cytochrome C Oxidase | gene (COI) of mitochondrial DNA was amplified using
universal primers Fish F1 (5’TCAACCAACCACAAAGACATTGGCACS3’) and Fish R1
(5’TAGACTTCTGGGTGGCCAAAGAATCA3’) designed in Ward et al. (2005).
Amplification was performed in a 25ul reaction mixture. Thermocycler conditions
included initial preheating at 95°C for Smin, denaturation at 94°C for 30 sec, annealing at
58°C for 1min and extension at 68°C for 1 min repeated for 35 cycles followed by a final
extension for 5min at 72°C. PCR products were examined on 1 % agarose gels purified
with Promega PCR purification kit and sequenced with the automated sequencer using
the dye-termination method. Amplicons were sequenced in both forward and reverse
directions. For analysis, sequences were trimmed to approximately 650bp and submitted
to BOLD, and BIN numbers were obtained for two species of the genus Narke.
Sequences were aligned using Clustal W and pairwise evolutionary distance was
determined by the Kimura 2-Parameter method (Kimura, 1980) using the software
programme MEGA 7.0 (Kumar et al., 2016). Reference sequences that are available for
sleeper rays were retrieved from GenBank, and a phylogeny tree was constructed using
the Neighbour Joining (NJ) method. To verify the robustness of the internal nodes of the
NJ tree, bootstrap analysis was carried out using 1,000 pseudo replicates (Felsenstein,
1985). Neotrygon kuhlii (Miller and Henle, 1841) was used as an out-group in this tree.

RESULTS

Diagnostic characters of five species of family Narkidae collected during present study
are given below.

1. Diagnostic characters of three species of genus Heteronarce:

1.1. H. garmani Regan, 1921: oval disc, circular spiracles, first dorsal fin originating
opposite to pelvic fin base, dorsally uniform pale brown in color with few irregular
whitish markings on the disc, ventrally creamish - white (Figs. 2, 3). Teeth - 10 to 12
rows in both jaws, out of which five rows were with prominent pointed cusps (Fig. 4).
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Fig. 2. Heteronarce garmani Fig. 3. Heteronarce garmani
(Female — 181 mm TL) (Male — 204 mm TL)
(@) Dorsal view (b) Ventral view

Upper tooth band Lower tooth band

Fig. 4. Heteronarce garmani — Teeth

1.2. H. mollis (Lloyd, 1907): oblong disc, circular spiracles, first dorsal fin originating
little behind the pelvic fin base, dorsally uniform umber in color devoid of markings,
ventrally uniform grayish (Figs. 5, 6). Teeth - 13 to 15 rows in both jaws, out of which
six rows were with prominent pointed cusps (Fig. 7).

1990

Fig. 5. Heteronarce mollis Fig. 6. Heteronarce mollis
(Female — 166 mm TL) (Male — 172 mm TL)
(a) Dorsal view (b) Ventral view
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Upper tooth band Lower tooth band

Fig. 7. Heteronarce mollis — Teeth

1.3. H. prabhui Talwar, 1981: circular disc, crescent shaped spiracles, first dorsal fin
originating just opposite to pelvic fin base, dorsally uniform grayish-brown in colour with
pale markings on either side of the tail, ventrally creamish - white (Figs. 8, 9). Teeth - 11
to 12 rows in both jaws, out of which five rows were with prominent pointed cusps (Fig.

10).

a

a
Fig. 8. Heteronarce prabhui Fig. 9. Heteronarce prabhui
(Female — 178 mm TL) (Male — 179 mm TL)
(a) Dorsal view (b) Ventral view

Upper tooth band Lower tooth band

Fig. 10. Heteronarce prabhui — Teeth

Morphometric data for the above three species are given in Table (1). Based on
PCA, the variance explained by the first two components was 42.99%. Considering the
factor loadings of the first factor, major distinguishing characters were identified and
Tukey test was carried out for those characters that revealed significant difference

(P<0.01) (Table 2).
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Table 1. Morphometric measurements expressed as percentage of total length (TL) of
three species of genus Heteronarce represented in the catches of Visakhapatnam

Total length, (TL) mm

H. garmani

H. mollis

H. prabhui

149-227, n=34 (2=24,4=10)

93-216, n=40 (2=12;3=28)

112-216, n=19 (2=16;4=3)

Measurements Range F+sD Range F+SD Range F+sD
Disc width 40.98-57.29 50.24+3.94 | 46.06-62.36 52.51+3.49 | 46.76-59.82 53.47+3.43
Disc length* 44.88-51.08 47.38+1.29 | 43.23-51.55 47.80+1.86 | 44.44-54.46 48.93+2.20
Snout length 11.71-14.29 12.95+0.59 | 11.46-24.73 13.87£1.99 | 11.85-16.07 13.32+£1.00
Snout, preorbital 13.17-16.11 14.52+0.69 | 13.02-17.02 15.50+£0.88 | 13.07-18.75 14.94+1.26
Snout, preoral* 12.68-12.56 14.07£0.71 | 12.50-15.89 14.3740.79 | 13.27-17.86 14.57£1.05
Snout, prenasal 11.21-13.33 12.14+0.61 | 10.85-14.61 12.86+0.90 | 10.65-16.07 12.65+1.16
Eye length 2.36-4.03 3.00+0.30 1.82-3.87 2.58+0.53 2.31-3.60 2.92+0.33
Interorbital distance 5.50-7.30 6.34+0.43 5.21-7.45 6.52+0.51 5.97-9.82 7.05+0.88
Spiracle cavity length 1.79-3.41 2.58+0.41 1.57-4.00 2.58+0.46 1.90-4.32 2.82+0.55
Spiracle width 1.89-3.90 2.81+0.45 1.99-4.00 2.99+0.38 2.56-4.49 3.23+0.45
Interspiracular distance 4.25-6.19 5.41+0.42 4.17-7.28 6.04+0.72 5.09-8.04 6.06+0.71
Orbit+spiracle length 4.76-6.60 5.77+0.45 4.46-6.74 5.33+0.51 5.03-6.72 5.66+0.41
Pectoral base 38.60-48.89 42.72+2.15 | 34.90-45.34 40.84+2.61 | 40.68-49.11 43.34+1.83
Height of first dorsal fin 6.40-10.94 9.37+0.85 7.00-11.24 9.27+0.87 8.09-10.67 9.37+0.78
Length of first dorsal fin 6.11-8.33 7.17+0.63 6.19-8.06 7.11+0.51 6.36-8.99 7.52+0.74
Height of second dorsal fin 7.88-11.46 9.93+0.81 7.00-11.56 9.58+0.89 8.52-10.95 9.86+0.60
Length of second dorsal fin 6.04-8.85 7.54+0.63 6.44-8.99 7.54+0.58 6.92-8.43 7.66+0.47
Distance between second dorsal 1.69-3.72 2.50+0.53 1.76-4.90 3.12+0.85 1.69-4.50 2.78+0.81
and caudal fins

Caudal height upper lobe 16.18-20.60 18.28+1.12 9.87-19.86 17.32+1.62 | 16.07-19.42 18.00+0.87
Caudal height lower lobe 11.82-15.50 13.9240.84 | 11.93-15.63 13.75+0.90 | 12.17-16.50 13.80+0.87
Caudal margin length 5.91-12.64 8.79£1.79 6.45-12.59 9.71+1.42 7.46-12.32 9.60£1.34
Tail, height at caudal origin 2.14-3.52 2.78+0.35 2.01-4.00 2.94+0.39 2.26-3.57 2.84+0.34
Tail, width at caudal origin 2.76-3.93 3.36+0.30 2.31-4.00 3.10+0.37 2.68-3.79 3.3310.31
Lateral tail fold length 16.67-25.98 19.88+1.87 | 13.40-26.88 20.44+2.86 | 18.71-25.84 20.86+1.81
Head length; ventral* 29.72-36.56 33.85+1.42 | 30.21-38.41 34.32+1.67 | 32.23-36.82 34.23+1.35
Head length; dorsal* 19.02-21.67 20.42+0.72 | 17.71-23.40 20.75£1.05 | 18.98-23.21 20.70£1.04
Mouth width 4.93-7.27 5.96+0.50 4.63-7.97 5.94+0.79 5.47-8.04 6.14+0.65
Upper tooth band width 2.51-4.00 3.37+0.33 3.02-4.30 3.52+0.37 2.99-4.00 3.45+0.28
Lower tooth band width 2.51-4.00 3.37+0.33 3.02-4.30 3.52+0.37 2.99-4.00 3.45+0.28
Internarial width 4.90-6.99 6.16+0.50 5.21-7.53 6.36+0.48 5.62-7.14 6.29+0.44
Nasal curtain length 1.86-3.52 2.69+0.39 2.08-4.00 2.75+0.41 2.25-3.39 2.71+0.34
Nasal curtain width 5.39-7.54 6.59+0.53 5.21-7.89 6.81+0.62 6.29-8.38 7.10+0.57
Width of first gill slit 1.86-2.98 2.47+0.29 1.64-3.00 2.30+0.30 1.99-2.99 2.51+0.30
Width of third gill slit 2.33-3.32 2.78+0.22 1.68-3.29 2.43+0.33 1.99-3.57 2.58+0.39
Width of fifth gill slit 1.55-2.98 2.20+0.32 1.42-3.00 2.08+0.39 1.66-2.88 2.25+0.35
Distance between first gill 12.24-15.63 13.90+0.86 | 11.46-16.00 13.98+1.01 | 12.92-16.07 14.62+0.73
openings

Distance between third gill 10.05-13.26 11.65+0.70 9.79-13.82 11.58+1.06 | 10.95-14.29 12.41+0.89
openings

Distance between fifth gill 6.64-9.94 8.22+0.90 6.60-9.94 8.15+0.93 7.46-10.43 8.68+0.65
openings

Pelvic fin length 8.29-19.09 11.24+1.80 | 10.32-20.62 13.93+2.30 8.96-18.96 11.98+2.07
Pelvic fin width 15.58-38.64 21.45+£3.79 | 11.83-39.33 19.7145.32 | 17.50-37.91 23.77+4.35
Pelvic fin to dorsal origin 6.16-20.00 8.25+2.20 4.63-9.87 7.23+1.26 6.97-9.55 8.16+0.83
Anterior margin of pelvic fin 9.76-15.71 13.26+£1.29 | 11.86-15.60 13.60+£1.05 | 11.37-15.64 13.29+1.10
Posterior margin of pelvic fin 13.76-26.40 21.094£2.43 | 14.53-25.26 19.86+£3.23 | 18.41-27.34 22.97+2.64
Snout to pelvic origin* 43.90-50.56 47.41+1.42 | 41.67-54.61 47.49+2.23 | 44.38-55.36 47.82+2.41
Snout to cloaca length* 52.20-56.67 54.83+1.22 | 48.96-58.62 54.45+2.27 | 51.12-60.71 55.35+2.11
Snout to first dorsal fin length 61.32-81.06 64.91+3.34 | 60.94-69.29 64.51+1.88 | 62.36-74.11 65.21+2.58
Snout to second dorsal fin 70.72-78.02 74.62+£1.75 | 72.28-79.50 75.40£1.98 | 71.76-84.82 75.45%2.74
length

Distance between dorsal fins 2.25-5.00 3.48+0.64 2.87-5.21 4.13+0.61 2.56-4.62 3.70+0.57
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Snout to maximum greatest disc 33.17-43.98 38.64+2.54 | 32.29-42.55 38.30+2.34 | 36.57-46.07 40.98+2.29
width*

Snout to first gill slit* 22.27-26.11 23.9440.91 | 21.84-26.95 24.73+1.29 | 21.76-27.68 24.4441.57
Mid of cloaca to caudal fin 46.23-52.26 49.15+1.68 | 47.02-53.13 49.69+1.36 | 47.75-54.46 49.57+1.64
length

Electric organ length 22.64-27.96 24.86+£1.33 | 22.92-29.71 25.77£1.33 | 22.47-28.50 24.99+1.63
Electric organ greatest width 8.29-13.26 11.77+1.00 8.39-14.89 12.39+1.37 | 11.11-15.18 13.08+1.19
Electric organ width 6.83-10.71 9.16+0.87 7.81-12.06 9.95+0.99 8.33-11.73 10.13+0.85
Tail width 16.08-23.08 19.91+1.78 | 12.43-25.00 18.48+2.70 | 17.00-23.81 20.96+2.09
Cloaca length 3.50-5.52 4.63+£0.50 3.55-7.00 4.76+0.66 3.85-5.68 4.90+0.45
For males

Clasper length 4.00-6.04 4.76+£0.58 3.23-6.90 5.19+0.84 3.98-6.15 4.71+£1.24
Clasper outer length 11.50-14.06 12.70+0.74 8.60-15.94 13.41+1.31 | 11.94-14.53 12.99+1.36
Clasper-cloaca length 13.24-15.00 14.08+0.67 | 10.75-17.39 14.57+1.28 | 13.93-15.08 14.34+0.65

*significant characters in PCA

Table 2. Results of Tukey test for morphometric characters between three species of
genus Heteronarce: H. garmani, H. mollis and H. prabhui represented in the catches of
Visakhapatnam

Characters F value P- value
Disc length 1.432 P<0.001
Preoral length 3.456 P<0.001
Head length ventral 2.768 P<0.001
Head length dorsal 8.437 P<0.001
Snout to cloaca length 4,512 P<0.001
Snout to pelvic origin 2.114 P<0.001
Snout to greatest disc width 5.476 P<0.001
Snout to first gill slit 4.657 P<0.001

2. Diagnostic characters that help in identification of two species of genus Narke:

2.1. N. dipterygia (Bloch and Schneider, 1801): circular disc, eyes large, round and
protruded, circular spiracles, posterior margins of pelvic fins convex, dorsal surface has
paired, large circular white spots on either sides of the base of disc on a uniform light
brown background (Figs. 11, 12). Teeth - 10 rows linearly and 11 rows laterally in upper
jaw; nine rows linearly and 11 rows laterally in lower jaw out of which five rows were
with prominent pointed cusps (Fig. 13).
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Fig. 11. Narke dipterygia Fig. 12. Narke dipterygia
(Female — 173 mm TL) (Male — 152 mm TL)
(a) Dorsal view (b) Ventral view

|

Upper tooth band Lower tooth band

Fig. 13. Narke dipterygia — Teeth

2.2. N. impennis (Annandale, 1909): oval disc, very small, round and deeply sunk eyes,
crescent-shaped spiracles, posterior margins of pelvic fins concave, dorsal surface has
paired, large oval creamish-white spots on either sides of the base of disc on a dark
chocolate brown coloured background (Figs. 14, 15). Teeth - 14 rows linearly and eight
rows laterally in upper jaw; 17 rows linearly and eight rows laterally in lower jaw out of
which  six rows were with prominent pointed cusps (Fig. 16).

PeeY

Fig. 14. Narke impennis Fig. 15. Narke impennis
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(Female — 112 mm TL) (Male — 118 mm TL)
(a) Dorsal view (b) Ventral view

Lower tooth band

Upper tooth band

Fig. 16. Narke impennis — Teeth

Morphometric data for the above two species are given in Table (3). Based on
PCA, the variance explained by the first two components was 35.848%. Considering the
factor loadings of the first factor, major distinguishing characters were identified and
Tukey test was carried out for those characters that showed a significant difference
(P<0.01) (Table 4).

Table 3. Morphometric measurements expressed as percentage of total length (TL) of
two species of genus Narke represented in the catches of Visakhapatnam

N. dipterygia N. impennis
Total length, TL (mm) 91-208, n=28 (2=12;3=16) 43-206, n=37 (9=15;3=22)
Measurements Range ¥+SD Range ¥+SD
Disc width* 52.41-65.81 58.67+£3.27 43.48-62.14 52.51+4.86
Disc length* 48.45-58.24 53.03+2.43 44.57-57.14 50.75+3.29
Snout length 6.49-13.19 8.26+1.27 6.45-12.22 8.82+1.56
Snout, preorbital 9.09-17.58 11.51+1.68 8.09-14.10 10.82+1.57
Snout, preoral 8.26-14.29 9.78+1.23 7.69-13.95 9.56+1.22
Snout, prenasal 5.84-12.09 8.12+1.18 6.45-11.63 8.42+1.14
Eye length 1.92-4.40 2.73+0.53 1.65-4.65 2.57+0.68
Interorbital distance 5.42-8.79 6.85+0.82 4.68-9.30 6.61+1.18
Spiracle cavity length 1.53-4.40 2.58+0.55 1.73-4.65 2.61+0.57
Spiracle width 2.41-4.40 3.24+0.51 2.17-4.65 3.01+0.59
Interspiracular distance 4.35-6.77 5.52+0.56 4.00-9.30 5.45+1.08
Orbit+spiracle length 4.33-6.59 5.51+0.51 3.88-9.30 5.08+0.94
Pectoral base 43.48-54.70 48.13+3.08 | 30.19-55.24 44.67+4.88
Height of dorsal fin 6.21-9.87 8.16+0.86 5.74-11.32 7.78+1.13
Length of dorsal fin 6.21-8.63 7.65+0.64 4.92-10.29 7.33+1.11
Distance between dorsal and 345-7.83 | 511#0.97 | 352-14.44 |  6.11+191
caudal fins
Caudal height upper lobe 19.58-25.27 22.27+1.38 | 17.65-27.91 22.32+2.18
Caudal height lower lobe 14.29-17.99 16.48+1.03 | 11.95-20.93 16.36+1.95
Caudal margin length 7.69-15.97 12.94+1.86 | 10.33-17.61 13.87+1.75
Tail, height at caudal origin 3.19-4.61 3.76+0.38 2.82-10.00 4.38+1.18
Tail, width at caudal origin 3.30-5.59 4.39+0.55 2.11-11.11 4.60+1.44
Lateral tail fold length 13.53-26.37 18.95+2.78 | 11.97-52.22 18.52+6.49
Head length; ventral 27.66-38.46 31.82+2.29 | 21.83-38.46 31.07+3.20
Head length; dorsal 14.18-20.88 16.59+1.47 | 10.56-63.33 16.76+8.10
Mouth width 4.51-8.16 6.07+0.82 4.23-26.67 6.77+3.60
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Upper tooth band width 3.25-5.49 4.31+0.47 3.09-26.67 5.15+4.36
Lower tooth band width 3.25-5.49 4.31+0.47 3.09-26.67 5.15+4.36
Internarial width 4.35-6.63 5.24+0.55 4,12-17.78 5.71+£2.17
Nasal curtain length 2.78-4.40 3.53+0.48 2.27-12.22 3.68+1.57
Nasal curtain width 2.80-6.92 6.04+0.78 4.23-17.78 6.60+2.07
Width of first gill slit 1.53-3.47 2.73+£0.44 1.28-15.56 2.91+2.33
Width of third gill slit 2.04-3.37 2.74+0.28 1.63-6.98 2.85+0.88
Width of fifth gill slit 1.48-3.19 2.04+0.35 0.97-4.65 1.90+0.69
Distance between first gill 12.36-16.67 | 14.21+1.00 | 11.63-17.95 | 14.62+152
openings

Distance between third gill 11.73-16.48 | 13.40+1.25 | 9.30-16.38 | 13.26+150
openings

Distance between fifth gill 10.84-15.60 | 13.374138 | 9.30-1579 | 13.001.69
openings

Pelvic fin length 7.80-24.48 12.93+4.98 3.64-23.03 11.98+3.18
Pelvic fin width 20.11-40.89 27.97%6.31 11.69-35.76 22.58+4.51
Pelvic fin to dorsal origin 6.43-11.04 8.57+1.14 5.13-81.40 | 10.63+£12.05
Anterior margin of pelvic fin 9.03-15.13 12.47+1.58 9.15-15.63 12.08+1.65
Posterior margin of pelvic fin 4.29-26.11 18.75+7.62 1.79-29.92 16.09+9.00
Snout to pelvic origin* 43.98-54.95 47.96£2.44 | 42.93-55.13 49.00+2.62
Snout to cloaca length* 52.60-60.44 55.90£2.12 52.17-60.00 56.22+2.31
Snout to dorsal fin length 67.42-78.02 70.974+2.45 | 66.30-81.40 71.61+3.33
Snout to greatest disc width* 38.55-51.06 44.48+2.75 | 34.04-49.61 41.09+4.44
Snout to first gill slit* 17.02-25.27 20.54+1.60 17.42-44.24 25.24+7.80
Mid of cloaca to caudal fin length 46.15-55.56 50.74+2.10 | 48.12-57.14 52.65+2.24
Electric organ length* 27.95-32.97 30.53+1.33 | 25.00-37.18 31.13+3.06
Electric organ greatest width 9.43-16.43 13.35+1.72 8.81-20.93 13.49+2.47
Electric organ width 9.04-15.00 11.81+1.36 8.81-18.60 11.61+1.85
Tail width 20.48-30.71 24.64+2.59 18.87-28.17 23.92+2 .46
Cloaca length 3.94-7.14 5.47+0.68 4.49-11.63 6.13+1.31
For males

Clasper length 4.40-7.64 6.35+0.94 4.49-11.69 7.03+£1.49
Clasper outer length 13.19-19.48 16.37+1.61 9.30-19.39 14.7242.25
Clasper-cloaca length 16.48-22.22 18.91+1.87 | 16.28-23.30 19.17+£1.74

*significant characters in PCA

Table 4. Results of Tukey test on the morphometric characters between two species of
genus Narke: N. dipterygia and N. impennis represented in the catches of Visakhapatnam

Characters F value P- value
Disc width 3.442 P<0.001
Disc length 1.276 P<0.001
Snout to cloaca length 6.982 P<0.001
Snout to pelvic origin 5.476 P<0.001
Snout to greatest disc width 8.657 P<0.001
Snout to first gill slit 3.254 P<0.001
Electric organ length 4.768 P<0.001

During the present study, DNA barcodes were generated for two species of genus
Narke — N. dipterygia (n = 2) and N. impennis (n=1). Three sequences were submitted to
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BOLD (Table 5). For both the species, we got the same BIN number as COI gene
sequences were not available for N. impennis in BOLD. The overall percentage mean
genetic distance within these two species showed a value of 0.32+0.08. Sequence analysis
revealed base compositions with GC% 38.08. The average percentage of base
composition of COI gene in these two species were 32.84 (T), 20.72 (C), 17.36 (G) and
29.08 (A). These base compositions are well within the range of those estimated for other
Indian chondrichthyan species reported in the study of Bineesh et al. (2017). The
estimated transition/ transversion ratio was 2.78.

Table 5. Details of sleeper ray species barcoded from Visakhapatnam coast

Species Code TL in mm BIN number
Narke dipterygia | NRKD1IFV1516-17 | 173 BOLD ADL5801
N. dipterygia NRKD2 IFV1523-17 | 152

N. impennis NRKI3IFV1522-17 | 142

Phylogeny tree was constructed with 22 sequences, among which three sequences
are from the present study (N. dipterygia — 2; N. impennis — 1) as mentioned above, while
the remaining 19 are reference sequences retrieved from Genbank including Neotrygon
kuhlii which was used as an out-group to strengthen the position of sequences obtained
from this region. Estimates of evolutionary divergences between COI sequences of
sleeper rays are shown in Fig. (17). Phylogeny tree revealed two major clades of which
one is formed by reference sequences of Narke japonica (Temminck and Schlegel, 1850)
and the other is from the species under study. N. dipterygia formed one clade and N.
impennis branched from N. dipterygia clearly distinguishing these two species. Barcode
sequences were generated for the first time for Narke impennis in the present study. So
far there are no reference sequences for this species in BOLD/Genbank. For Narke
dipterygia, COI gene sequences generated for the first time from Indian waters.
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88 LC460972.1|Narke japonica|COI-5P
i‘E LC460966.1|Narke japonica|COI-5P

62 LC460983.1|Narke japonica|COI-5P
LC460982.1|Narke japonica|COI-5P

3¢ ﬁ: LC460973.1|Narke japonica|COI-5P
LC460987.1|Narke japonica|COI-5P
> LC460976.1|Narke japonica|COI-5P

100 ﬁE LC460975.1|Narke japonica|COI-5P
32 LC460974.1|Narke japonica|COI-5P

LC460977.1|Narke japonica|COI-5P
L — LC460970.1|Narke japonica|COI-5P
41 L LC460965.1|Narke japonica|COI-5P

72 LC460980.1|Narke japonica|COI-5P
& { LC460979.1|Narke japonica|COI-5P

22 LC460986.1|Narke japonica|COI-5P
ﬁE LC460985.1|Narke japonica|COI-5P
18 LC460984.1|Narke japonica|COI-5P
IFV1522-17|NRKI3|Narke impennis|COI-5P
100 |_|: IFV1516-17|NRKD1|Narke dipterygia|COI-5P
53 IFV1523-17|NRKD2|Narke dipterygia|COI-5P
— JQ738421.1|Narke dipterygia|COI-5P
100 ——— GU673441 .1|Neotrygon kuhlii|COI-5P

Fig. 17. Estimates of evolutionary divergences between COI sequences of sleeper
rays
DISCUSSION

In genus Heteronarce - H. garmani differs from its closely related species H. mollis
in certain characters. Regan (1921); Fowler (1941); Wallace (1967c); Ebert (2014);
Carvalho (2016) differentiated these two species in various characters such as eyes,
spiracles, snout, mouth, nasal valves, disc, proportions of the head and dorsal colouration.
In the present study, considerable difference in the size of eyes and spiracles as well as
dorsal coloration was observed. H. mollis closely resembles H. prabhui but differs slightly
in its dorsal color and disc shape.

H. prabhui is a little known numbfish, known only from Quilon, Arabian Sea, India
at around 300m depth region (Talwar, 1981a). Carvalho (2016) synonymised H.
prabhui with H. mollis without clearly mentioning the reasons. Ebert (2014) made H.
prabhui a junior synonym of H. mollis but Weigmann (2016) stated that it is a
questionably valid species. On the other hand, Compagno (1999), Manilo and
Bogorodsky (2003), Compagno and Heemstra (2007) and Akhilesh et al. (2014)
considered it as a valid species. In the present study, based on the results from
multivariate analysis, PCA the major distinguishing characters that aid in differentiating
H. prabhui from H. mollis were clearly identified (Table 1). Thus, it can be stated that
H. prabhui is a valid species, and this is the first report from the east coast of India.
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In genus Narke, there is some confusion regarding the validity of Narke impennis as
only N. dipterygia is well supported. The description of Bengalichthys impennis as a
distinct species was given by Annandale (1909) where he stated that, the strong muscles
of the disc are liable to undergo great changes in shape; the degeneracy of the pectoral
fins causes the disc to terminate, and the mouth is similar to N. dipterygia but is
protrusible only to some extent. Garman (1913) in his memoir combined Annandale’s
new genus Bengalichthys with Narke without giving any reasons. Nevertheless,
according to Prashad (1920), the two genera are quite distinct,. In addition, the two
specimens described in the study of Day (1878) as Astrape dipterygia actually belong to
the genus Bengalichthys, and the figures given in his study for N. dipterygia refer to B.
impennis (Pl. CXCII Fig. 4). Munro (1955) stated that N. impennis is brown above with
diffuse blackish cloudings medially, and this character was observed in the present study.
The description of B. impennis was reported in the study of Misra (1969) from India,
and even though Misra (1969) considered N. impennis as a valid species, latter authors
(Compagno & Heemstra, (2007); Akhilesh et al., 2014) synonimized N. impennis to N.
dipterygia.

During the present study, the two species, N. dipterygia and N. impennis, were
encountered in this region, the latter being the dominant sleeper ray species of trawl by-
catches and both were represented by male and female specimens. However similar they
might morphologically appear, based on the present study, the N. impennis is considered
as a valid species.

CONCLUSION

Species identification based on biometric characters, color patterns and morphology
can be considered as one of the greatest challenges due to various overlapping characters
existing among congeners of sleeper rays of the Order Torpediniformes. The approach
involving confirmation of the validity of taxonomically problematic sleeper ray species
integrating traditional taxonomy and DNA barcoding has proven to be promising. Thus,
the present study would be helpful in resolving ambiguities in the identification, status
and uncertainties of species of the family Narkidae of the Indian waters, and furtherly aid
in defining the species composition of fishery and mapping out distribution ranges.
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