
RESEARCH COMMUNICATIONS 
 

CURRENT SCIENCE, VOL. 103, NO. 6, 25 SEPTEMBER 2012 716 

*For correspondence. (e-mail: rptmzu@rediffmail.com) 

 

1. Kumar, N., Misra, P., Dube, A., Bhattacharya, S., Dikshit, M. and 
Ranade, S., Piper betle L., A maligned pan-Asiatic plant with an 
array of pharmacological activities and prospects for drug discov-
ery. Curr. Sci., 2010, 99, 922–932. 

2. Parthasarthy, V. A., Chattopadhyay, P. K. and Bhose, T. K., Plan-
tation Crops (2), Naya Udyog, 2006. 

3. Chattopadhyay, S. B. and Maity, S., Diseases of Betelvine and 
Spices, ICAR, New Delhi, 1967. 

4. Rawat, A. K. S., Tripthi, R. D., Khan, A. J. and Balasubrahmanyam, 
V. R., Essential oil components as markers for identification of 
Piper betle L. cultivars. J. Biochem. Syst. Ecol., 1989, 17, 38–55. 

5. Bhide, S. V., Zariwala, M. B. A., Amonlar, A. J. and Azuine,  
M. A., Chemo-preventive efficacy of betle leaf extract against 
benzo(a)pyrene induced fore-stomach tumors in mice. J. Ethno-
pharmacol., 1991, 34, 207–213. 

6. Chopra, R. N., Nayar, S. L. and Chopra, I. C., Glossary of India 
Medicinal Plants, Council of Scientific and Industrial Research, 
New Delhi, 1956, 3rd reprint, 1992. 

7. Sandhya, P. M., Patel, K., Saraswathi, G. and Srinivasana, K.,  
Effect of orally administered betel leaf (Piper betle L.) on diges-
tive enzymes of pancreas and intestinal mucosa and on bile pro-
duction in rats. Indian J. Exp. Biol., 1995, 13, 752–756. 

8. Khozirah, S., Ling, S. K. and Nik, M., Second International Sym-
posium on Chromatography of Natural Products, Herba-polonica, 
2000. 

9. Raghavendra, R. and Maiti, S., Occurrence of flowering in betel 
vine (Pipe betle L.). Indian J. Agric. Sci., 1989, 59, 665–666. 

10. Mulcahy, D. L., Weeden, N. F. and Kesseli, R. V., DNA probes 
for the Y chromosome of Silene latifolia, a dioecious angiosperm. 
Sex Plant Reprod., 1992, 5, 86–88. 

11. Jiang, C. S. K., RAPD and SCAR markers linked to the sex  
expression locus M in asparagus. Euphytica, 1997, 94, 329–333. 

12. Gill, G., Harvey, C., Gardner, R. and Fraser, L., Development of 
sex-linked PCR markers for gender identification in Actinidia. 
Theor. Appl. Genet., 1998, 97, 439–445. 

13. Hormaza, J., Dollo, L. and Polito, V., Identification of a RAPD 
marker linked to sex determination in Pistacia vera using bulk 
segregant analysis. Theor. Appl. Genet., 1994, 89, 9–13. 

14. Mandolino, G., Carboni, A., Forapani, S., Faeti, V. and Ranalli, 
P., Identification of DNA markers linked to the male sex in dio-
ecious hemp (Cannabis sativa L.). Theor. Appl. Genet., 1999, 98, 
86–92. 

15. Polley, A., Seigner, E. and Ganal, M., Identification of sex in hop 
(Humulus lupulus) using molecular markers. Genome, 1997, 40, 
357–361. 

16. Dalbó, M. A., Ye, G. N. N. F., Weeden, H., Steinkellner, C. S. and 
Reisch, B. I., Gene controlling grape flower sex placed on a mole-
cular marker-based genetic map. Genome, 2000, 43, 333–340. 

17. Alstrom-Rapaport, C., Lascoux, M., Wang, Y. C., Roberts, G. and 
Tuskan, G., Identification of RAPD marker linked to sex determi-
nation in the basket willow (Salix viminalis L.). J. Hered., 1998, 
89, 44–49. 

18. Doyle, J. J. and Doyle, J. L., Isolation of plant DNA from fresh 
tissue. Focus, 1990, 12, 13–15. 

19. Saji, K. V., Taxonomic and genetic characterization of black  
pepper and related species, Ph D thesis, University of Calicut, 
Kerala, India, 2006. 

20. Himabindu, K., Reetha, B., Suryanarayana, M. A., Sukanya, D. 
H., Vasantha Kumar, T., Sex linked ISSR markers in dioecious  
betelvine (Piper betle L.). In National Seminar on Contemporary  
Approaches on Crop Improvement, ISGPB, Bangalore, 2011. 

21. Sambrook, J., Fritstch, E. F. and Maniatis, T., Molecular Cloning: 
A Laboratory Manual, Cold Spring Harbor Laboratory Press, 
1989, 2nd edn. 

22. Sambrook, J. and Russel, D., Molecular Cloning: A Laboratory 
Manual, Cold Spring Harbor Laboratory Press, 2001, 3rd edn. 

23. Ainsworth, C., Boys and girls come out to play: the molecular  
biology of dioecious plants. Ann. Bot., 2000, 86, 211–221. 

24. Parasnis, A. S., Ramakrishna, W., Chowdari, K. V., Gupta, V. S. 
and Ranjekar, P. K., Microsatellite (GATA)n reveals sex specific 
differences in Papaya. Theor. Appl. Genet., 1999, 99, 1047–1052. 

25. Danilova, T. V. and Karlov, G. I., Application of inter simple  
sequence repeat (ISSR) polymorphism for detection of sex-specific 
molecular markers in hop (Humulus lupulus L.). Euphytica, 2006, 
151, 15–21. 

26. Gangopadhyay, G., Roy, S. K., Ghose, K., Poddar, R., Bandyo-
padhyay, T., Basu, D. and Mukherjee, K. K., Sex detection of 
Carica papaya and Cycas circinalis in pre-flowering stage by 
ISSR and RAPD. Curr. Sci., 2007, 92, 524–526. 

27. Chowdhury, M. A., Vandenberg, B. and Warkentin, T., Cultivar 
identification and genetic relationship among selected breeding 
lines and cultivars in chickpea (Cicer arietinum L.). Euphytica, 
2002, 127, 317–325. 

28. Agarwal, M., Shrivastava, N. and Harish, P., Advances in molecu-
lar marker techniques and their applications in plant sciences. 
Plant Cell. Rep., 2008, 27, 617–631. 

29. Mcdermott, J. M., Brandle, U., Dutly, F., Haemmerli, U. A., Kel-
ler, S., Muller, K. E. and Wolf, M. S., Genetic variation in pow-
dery mildew of barley: development of RAPD, SCAR and VNTR 
markers. Phytopathology, 1994, 84, 1316–1321. 

30. Paran, I. and Michelmore, R. W., Development of reliable PCR-
based markers linked to downy mildew resistance genes in lettuce. 
Theor. Appl. Genet., 1993, 85, 985–999. 

31. Urasaki, N. et al., A male and hermaphrodite specific RAPD 
marker for papaya (Carica papaya L.). Theor. Appl. Genet., 2002, 
104, 281–285. 

32. Stehlik, I. and Blattner, F. R., Sex-specific SCAR markers in the 
dioecious plant Rumex nivalis (Polygonaceae) and implications for 
the evolution of sex chromosomes. Theor. Appl. Genet., 2004, 
108, 238–242. 

 
 
ACKNOWLEDGEMENTS. G.N.K. acknowledges the JRF fellowship 
received from ICAR. He thanks IIHR for providing research facilities. 
 
Received 3 February 2012; revised accepted 16 July 2012 

 
 
 
Fossil batoid and teleost fish remains 
from Bhuban Formation (Lower to 
Middle Miocene), Surma Group,  
Aizawl, Mizoram 
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Intraformational conglomeratic horizon within the 
Upper Bhuban unit of Bhuban Formation, Surma 
Group (Lower to Middle Miocene) exposed at two  
localities in the vicinity of Aizawl, Mizoram has 
yielded fish remains mostly in the form of isolated 
teeth, dental plates and spines. Majority of these  
belong to diverse selachians and have already been  
described. We describe here dental plates and a cau-
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dal spine belonging to two species of Myliobatis, one of 
Aeteobatus (batoids) and four of Diodon (teleosts) from 
the same fossil localities. These fish remains together 
with associated selachians and mega-invertebrates 
suggest the existence of a tropical to subtropical  
climate and a warm shallow marine set-up near to the 
shoreline in a high-energy environment during the 
deposition of the fossiliferous horizon. 

Keywords: Batoids, caudal spine, dental plates, fish 
remains, fossiliferous horizon, teleosts. 

MIZORAM is a part of the Tripura–Mizoram accretionary 
belt and is considered as the southern extension of the 
Surma basin1–3. It is covered by a huge pile of Cenozoic 
sedimentary succession with a total exposed thickness of 
around 8000 m. This succession has been divided into 
three groups, namely the Barail, the Surma and the Tipam 
Groups in an ascending order4,5. The Surma Group is  
divisible into a lower Bhuban Formation and an upper 
Boka Bil Formation. The Bhuban Formation is further  
divisible into lower, middle and upper Bhuban Units6. 
The Bhuban Formation consists of a rhythmic alternation 
of arenaceous and argillaceous facies of lower to middle 
Miocene. Sandstone, siltstone, shale, mudstone and their 
admixture in varying proportions along with a few pock-
ets of shell-limestone, calcareous sandstone and intrafor-
mational conglomerates commonly constitute the main 
lithology of the Bhuban Formation. The Bhuban succes-
sion is thrown into a series of approximately N–S trend-
ing, longitudinally plunging anticlines and synclines4,7. 
 Fish remains described here are from two localities 
situated on the western limb of the Aizawl anticline and 
were found in association with poorly preserved bivalves, 
gastropods, decapods and monogeneric form of a forami-
nifer (Ammonia sp.). Although the fossils are well pre-
served, recovery is rather poor due to hard and compact 
nature of the host rock. Identification at a specific level 
could not be attempted due to inadequate information. All 
the fossil materials described and illustrated here are 
housed at the Palaeontology Laboratory of the Depart-
ment of Geology, Mizoram University, Aizawl. 
 The first fossil locality, Bika quarry (23°45′184″N–
92°40′792″E) is located on the western fringe of Aizawl 
city about 2 km from Mizoram University on the right 
side of Mizoram University to Aizawl road (Figure 1). At 
this locality, fossils were collected from the two intra-
formational calcareous conglomeratic bands at 0.95–
1.30 m and 8.50–8.65 m levels respectively, of the stud-
ied stratigraphic section. Bulk of the fossils from this bed 
are from the lower conglomeratic horizon and the faunal 
assemblage consists of isolated fish teeth8 and poorly pre-
served bivalves, gastropods, decapods and a monogeneric 
form of a foraminifer (Ammonia sp.). 
 The second locality, Ruata quarry (23°45′143″N–
92°40′631″E) is located about 12 km west of Aizawl city 
on the right side of Aizawl to Sakawrtuichhun road. It is 

in the strike continuation of Bika quarry. At this locality 
also, there are two fossiliferous intraformational calcare-
ous conglomeratic bands, the lower one at 0–0.33 m and 
the upper one at 4.5–4.9 m level of the stratigraphic sec-
tion (Figure 1). The bed is highly bioturbated with  
numerous worm burrows of different types. The bulk of 
the fish remains was collected from the upper conglomer-
atic band associated with poorly preserved bivalves, gas-
tropods and decapods. 
 Myliobatis indet. (Figure 2; 1) This species is repre-
sented in the collection by a fragmentary caudal spine, 
which is about 5 mm wide, longitudinally striated with 
some striations deep enough to form grooves. The ante-
rior aspect is straight with denticles on the lateral edges 
which are directed distally at angles of 30°–40° from the 
central axis. These denticles impart a saw-tooth character. 
Identification of Myliobatids spines at specific level is 
not possible as all of them are nearly alike. Moreover, the 
present specimen is poorly preserved. 
 Myliobatis sp. 1 (Figure 2; 2–5): All the four speci-
mens represent the median teeth, which are medium-
sized, transversely elongated, more or less straight with 
perfect hexagonal outline. The coronal surfaces of their 
crowns are wide and smooth, whereas the ridges and 
grooves of the basal surfaces of the roots appear to be 
feeble. Morphologically, these specimens have a close  
resemblance with the specimens of Myliobatis sp. from 
the Lower Miocene of Matanomadh and Lakhpat locali-
ties in Kachchh, Gujarat9, and from the Eocene Subathu 
Formation of the Northwestern Sub-Himalaya10. 
 Myliobatis sp. 2 (Figure 2; 6a and 6b): The median 
tooth of this species differs from that of Myliobatis sp. 1 
in having a sub-oval outline and a crown with narrow and 
smooth coronal surface. The basal surface of its root is 
divided into 19–20 prominent ridges and grooves at right 
angle to the transverse axis of the crown. A straight ridge 
or shelf-like projection is present at the junction of cor-
onal and basal surfaces on both the anterior and posterior 
sides. This specimen differs from Myliobatis straitus of 
Selsey Formation of Lee-on-Solent (Eocene), Hampshire, 
UK11 on account of its small size, less prominent ridges 
and narrow coronal surface. 
 Aetobatus sp. (Figure 2; 7–8): Isolated teeth are medium-
sized, rectangular in outline and arched laterally with 
smooth occlusal surface and root divided longitudinally 
into 20–25 ridges and grooves, which continue from the 
underside to the posterior borders of the enamelled sur-
face. The present specimens resemble well the Aetobatus 
irregularis known from the Braklesham Group (Eocene) 
in UK11. These can also be compared reasonably well 
with Aetobatus arcuatus baripadensis from the Tertiary 
deposits of Mayurbhanj12. However, the materials col-
lected are too meagre and poorly preserved to assign 
them any of the known species. 
 Diodon sp. 1 (Figure 2; 9–13): Dental plates medium to 
large in size, each consisting 4–9 oval to sub-rounded 
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Figure 1. Geological and location map of the study area33 and litho-columns of the fossil-yielding horizon. 
 
 
lamellar plates of varying size and piled one upon the 
other. The first plate on the apical side in all the speci-
mens is smallest and their size increases towards the base. 
All the dental plates are vertically divided into two more 
or less similar halves. The record of the fossil diodontids 
from India is meagre and the specimens could not be 
compared with any of the collections made by earlier 
workers. 
 Diodon sp. 2 (Figure 2; 14–15): The dental plates differ 
from those of Diodon sp. 1 and other known species in 
being smaller and sub-triangular. Lamellar plates are 
smaller towards the apex and become larger towards the 
base. Both halves of the dental plate consist of four  
lamellar plates. 
 Diodon sp. 3 (Figure 2; 16a, 16b): Dental plate  
medium to large in size, sub-triangular or ‘heart shaped’, 
consisting of six lamellar plates. The lamellar plates at 
the apex and base are thin compared to those placed in 
between, but all are more or less equal in size. A vertical 
line divides the plates into two asymmetrical halves. The 
outer edge of the plate is somewhat crenulated. The dental 
plate is slightly concave at the apex and slightly convex 

at the base. The marked difference between this species 
and Diodon species 1 and 2 is with respect to shape, size, 
number of lamellar plates and feebly crenulated plate 
margin. 
 Diodon sp. 4 (Figure 2; 17): The dental plate is medium-
sized, laterally elongated, sub-rectangular to sub-oval 
formed by more or less oblique piles of 6–7 lamellae of 
unequal size; the largest one lies at the base and the 
smallest one at the apex. The lamellar plates are divided 
into two similar halves. Margins of the plates are smooth. 
The elongated nature of the dental plate of the present 
specimen distinguishes it from the previously described 
species. Though Diodon is reported from many fossil  
localities of Eocene and Miocene sediments of the Indian 
subcontinent, the material described here is too meagre to 
allow any detailed comparison and specific identification. 
 The teeth, dental plates and spines of Myliobatis sp. are 
known to occur from the Late Palaeocene to Recent strata 
of India from several localities like the Late Palaeocene to 
Early Eocene of Rajasthan13 and NW Sub-Himalaya10,14, 
Eocene of Kachchh9,15,16, and Surat in Gujarat17, Miocene 
of Myanmar18, Balasore in Odisha19, Sri Lanka20 and 
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Figure 2. 1: Myliobatis sp., caudal spine, (V/F/R–5b). 2–5: Myliobatis sp. 1. Oral view (2a), (V/F/B -91); side view (2b), (V/F/B-91); 
oral view (3a), (V/F/B-92); side view (3b), (V/F/B-92); oral view (4), (V/F/B-93); oral view (5), (V/F/B-93). 6: Myliobatis sp. 2. side view 
(6a), (V/F/B-5a); Oral view (6b), (V/F/B-5a). 7, 8: Aetobatus sp. Basal view (7a), (V/F/B-95); oral view (7b), (V/F/B-95); basal view (8) 
(V/F/B-96). 9–13: Diodon sp. 1. Anterior view (9a), (V/F/B-12); posterior view (9b), (V/F/B-12); side view (9c), (V/F/B-12); anterior 
view (10a), (V/F/B-97); posterior view (10b), (V/F/B-97); anterior view (11a), (V/F/B-98); posterior view (11b), (V/F/B-98); anterior 
view (12a), (V/F/B-99); posterior view (12b), (V/F/B-98); anterior view (13a), (V/F/B-100); posterior view (13b), (V/F/B-100). 14, 15: 
Diodon sp. 2. Anterior view (14a), (V/F/B-101); posterior view (14b), (V/F/B-101); anterior view (15a), (V/F/B-102); posterior view 
(15b), (V/F/B-102). 16: Diodon sp. 3, Anterior view (16a), (V/F/B-13); posterior view (16b), (V/F/B-13). 17, Diodon sp. 4. Anterior view 
(17a), (V/F/B-103); side view (17b), (V/F/B-103); posterior view (17c), (V/F/B-103). 

 
 
Pliocene of Piram Island21,22. Myliobatis are found to  
inhabit the estuarine and shallow to deep tropical seas13. 
Dental plates of Aetobatus have been reported from the 
Eocene deposits of Odisha12. The extant species of 
Myliobatis, viz. Myliobatis tobijei is a common inshore 
and offshore species23, occurring on sandy and muddy 
bottoms from intertidal habitats to depths of at least 
220 m. Myliobatis longirostris is a distinctive eagle-ray 
fish24 occurring between the surface to a depth of at least 
64 m. It is often found in areas with sand or soft bottoms. 
Myliobatis californica – a bat ray, prefers shallow inter-
tidal waters and sandy areas in bays and estuaries. They 

can also be found near reefs and kelp beds. The bat ray 
lives in sandy and muddy bottoms in relatively shallow 
waters of beaches as well as in bays, channels and inlet25. 
Australian bull ray (Myliobatis australis) or southern  
eagle ray is commonly found off beaches and in shallow 
water over sand flats. It is also found26 in water as deep 
as 85 m. The longheaded eagle ray (Aetobatus flagellum) 
inhabits open seas, shallow seas, subtidal aquatic beds 
and estuarine waters27. The spotted eagle ray, Aetobatus 
narinari or bonnet ray is found in shallow coastal waters 
by coral reefs and bays in depths down to 80 m. They are 
found globally in tropical regions28. 
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 Diodon has a geological range from Lower Eocene to 
Recent13. In the Indian subcontinent dental plates of Dio-
don species have been reported from Lower Eocene 
sediments of the Subathu Formation, NW Sub-Himalaya10, 
Cambay Formation in Gujarat17, and from the Jaisalmer 
basin in Rajasthan29 and also from the Miocene beds of 
Kachchh30, and Baripada in Odisha30. Diodontids are  
generally found in environments ranging from estuarine, 
shallow marine to deep marine in tropical climate13. The 
present-day Diodon species like D. holocanthus are  
frequently found in the muddy sea bottom, or in lagoons 
or seaward and reefs around the world31. The juvenile 
Diodon hystrix are pelagic up to the time that they are 
about 20 cm in length. Adults favour lagoons and  
seaward reefs, sheltering under ledges or in caves during 
the day. Although classified as benthic, they may some-
times be found hovering high in the water32. 
 The extant species of Myliobatis, Aetobatus and Dio-
don are mainly found thriving in shallow intertidal waters 
and sandy areas in bays and estuaries. Based on the above 
information it can be inferred that the fish-yielding hori-
zons of the study area may have been deposited in a 
tropical to subtropical shallow marine environment. On 
the basis of selachian remains and associated mega-
invertebrate assemblage from these localities, a warm, 
shallow, marine set-up near the shoreline in a high-
energy environment has been inferred to the fish-yielding 
horizons8, which is in conformity with the present find-
ings. 
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