
RESEARCH COMMUNICATIONS 
 

CURRENT SCIENCE, VOL. 106, NO. 3, 10 FEBRUARY 2014 434 

*For correspondence. (e-mail: rajni.tewari@gmail.com) 

Technology and Culture AD 1000–1800 (ed. Rahman, A.), Oxford, 
New Delhi, 1997. 

6. Sengupta, P. R., Scientific reconstruction of archaeological  
evidence of Ganga Valley. Curr. Sci., 1985, 54, 74–79. 

7. Agrawal, D. P., Bhandari, N., Lal, B. B. and Singhvi, A. K., 
Thermoluminescence dating of pottery from Sringaverapura –
Ramayana site. Proc. Indian Acad. Sci. (Earth Planet. Sci.), 1981, 
90, 161–172. 

8. Marshall, J. H., Taxila: An Illustrated Account of Archaeological 
Excavations, 1913–1934, Motilal Banarsidass Publishers Pvt Ltd, 
New Delhi, 1977. 

9. Marshall, J. H., Excavations at Taxila, Archaeological Survey of 
India, New Delhi, 1998. 

10. Roy, T. N., The Ganges Civilizat ion: A Critical Archaeological 
Study of the Painted Grey Ware and Northern Black Polished 
Ware Periods of the Ganga Plains of India, Ramanand Vidya 
Bhawan, New Delhi, 1983. 

11. Ricciardi, P., Nodari, L., Gualtieri, S., De Simone, D., Fabbri, B. 
and Russo, U., Firing techniques of black slipped pottery from 
Nepal (12th–3rd century BC): the role of Mossbauer spectroscopy. 
J. Cult. Herit., 2008, 9, 261–268. 

12. Sanaullah, K. B. M., Note in A. Ghosh, and Panigrahi, K. C.,  
Report on the Pottery of Ahichchhatra District, Barelly, U.P.  
Ancient India, 1946, 1, 60. 

13. Lal, B. B., Excavation at Hastinapur and other excavation in the 
Upper Ganga and Sutlej basins. Ancient India, 1955, 10–11,  
5–152. 

14. Hegde, K. T. M., Electron microscopic study on the northern black 
polished (NBP) ware of India. Curr. Sci., 1966, 35, 623. 

15. Wheeler, M., Early India and Pakistan to Asoka, Thames and 
Hudson, London, 1959. 

16. Bhardwaj, H. C., Aspects of Ancient Indian Technology, Motila l 
Banarsidass, New Delhi, 1979. 

17. Rawson, P. S., The surface treatment of early Indian pottery. Man, 
1953, 53, 41–42. 

18. Sharmin, D. and Okada, F., Surface coating technique of northern 
black polished ware by the microscopic analysis. Ancient Asia, 
2011, 3, 49–65. 

19. Gillies, K. J. S. and Urch, D. S., Spectroscopic studies of iron and 
carbon in black surfaced wares. Archaeometry, 1983, 25, 29–44. 

20. Harding, R., Report on scanning electron microscope analys is of 
NBP sherds. Man Environ., 2004, XXIX, 30–36. 

21. Berg, I., Looking through pots: recent advances in ceramics  
X-radiography. J. Archaeol. Sci., 2008, 35, 1177–1188. 

22. Carr, C., Advances in ceramic radiography and analysis : applica-
tions and potentials. J. Archaeol. Sci., 1990, 17, 13–34. 

23. Ben-Shlomo, D., Maeir, A. M. and Mommsen, H., Neutron activa-
tion and petrographic analysis of selected late bronze and iron age 
pottery from tell Es-Safi/Gath, Israel. J. Archaeol. Sci., 2008, 35, 
956–964. 

24. Tite, M. S., Ceramic production, provenance and use – a review. 
Archaeometry, 2008, 50, 216–231. 

25. Tite, M. S. and Maniatis, Y., Examination of ancient pottery using 
the scanning electron microscope. Nature, 1975, 257, 122–123. 

26. Tite, M. S. and Maniatis, Y., Scanning electron microscopy of 
fired calcareous clays. Br. Ceram. Trans. J., 1975, 74, 19–22. 

27. Tite, M. S., Pottery production, distribution and consumption – the 
contribution of the physical sciences. J. Archaeol. Method Th., 
1999, 6, 181–233. 

28. Mirti, P., X-ray microanalysis discloses the secrets of ancient 
Greek and Roman potters. X-Ray Spectrometry, 2000, 29, 63–72. 

29. Cardell, C., Guerra, I., Romero-Pastor, J., Cultrone, G. and Rodri-
guez-Navarro, A., Innovative analytical methodology combining 
micro-X-ray diffraction, scanning electron microscopy-based min-
eral maps and diffuse reflectance infrared Fourier transform Spec-
troscopy to characterize archeological artifacts. Anal. Chem., 
2009, 81, 604–611. 

30. Friel, J. J. and Lyman, C. E., X-ray mapping in electron-beam  
instruments. Microsc. Microanal., 2006, 12, 2–25. 

31. Tite, M. S., Materials study in archaeology. In Handbook of  
Archaeological Sciences (eds Brothwell, D. R. and Pollard, A. 
M.), John Wiley, New York, 2001. 

32. Perez-Arantegui, J., Pottery analys is: chemical. In Encyclopedia of 
Archaeology (ed. Pearsell, D. M.), Elsevier, New York, 2008. 

33. Sharma, G. R., The Excavations at Kausambi (1957–59): The  
Defences and Syenaciti of the Purusamedha, University of Alla-
habad, Allahabad, 1960. 

34. Sharma, G. R., The Excavation at Kausambi: 1949–50; MASI No. 
74; Archaeological Survey of India, Delhi, 1960. 

35. Sharma, G. R., History to Prehistory: Archaeology of the Ganga 
Valley and the Vindhyas, University of Allahabad, Allahabad, 
1980. 

36. Rapp, G. R., Archaeomineralogy, Springer, Berlin, 2009. 
37. Wilson, A. L., Elemental analysis of pottery in the study of its 

provenance: a review. J. Archaeol. Sci., 1978, 5, 219–236. 
38. Goffer, Z., Archaeological Chemistry, Wiley-Interscience, New 

Jersey, 2007. 
39. Enghag, P., Encyclopedia of the Elements: Technical Data,  

History, Processing, Applicat ions, Wiley-VCH, Weinheim, 2004. 
 
 
ACKNOWLEDGEMENTS. We thank Dr Jürgen Werner Gerlach, 
Leibniz-Institut für Oberflächenmodifizierung, Permoserstrasse, Leip-
zig, Germany for characterizing two pot sherds. S.S.R. thanks J. Perej-
Aruntegi, University of Zaragoza for providing training on the use of 
modern technology in archaeometry and Prof. M. S. Tite for sugges-
tions regarding the study of slip. 
 
 
Received 10 February 2013; revised accepted 22 November 2013 

 
 
 
IGMIS – a computer-aided information 
system on Indian Gondwana  
megaspores 
 
Nilay Govind, Rajni Tewari*, S. S. K. Pillai and  
Arun Joshi 
Birbal Sahni Institute of Palaeobotany, 53, University Road,  
Lucknow 226 007, India 
 
The Indian Gondwana Megaspore Information Sys-
tem (IGMIS) is an information system developed for 
storage and retrieval of Indian Gondwana megaspore 
(female reproductive unit of early land plants) records 
in a selective manner. At present, it provides informa-
tion on 45 genera and 159 species recorded from  
Palaeozoic and Mesozoic sediments of India. The use 
of the database is to store and organize information on 
Indian Gondwana megaspores accrued over the past 
70 years. This information system is a significant step 
towards ensuring safety and accessibility of the data 
on the dispersed Indian fossil megaspores, besides 
providing accessibility for handling the information in 
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future, including new and emerging types of data  
format. Each record has a unique code number for 
further reference. Addition, deletion, modification and 
search facility are provided by this software. Addi-
tionally, search can be performed in terms of different 
morphotaxonomical characteristics (single or combi-
nation of characters). The program is useful for a 
quick and classified megaspore search on datagrid, 
especially of the published information on fossil mega-
spores and their horizontal and vertical distribution in 
India. The program and associated database are  
capable of computer-aided identification of Indian 
Gondwana megaspores and help avoid assigning mul-
tiple/different genera or species to the same category. 
Here we report our attempt to digitize and provide an 
updated knowledge on various aspects of Indian 
Gondwana megaspores, including their morphotax-
onomical characters, distribution and photodocume n-
tation in an information system. 
 
Keywords: Computer-aided information system, distri-
bution, megaspores, morphotaxonomical characters, 
photo-documentation. 
 
MEGASPORES are the female reproductive units produced 
by the heterosporous early land plants, which on germina-
tion give rise to the female gametophytes and measure 
more than 200 m in size1. Heterospory is a significant 
evolutionary stage in the history of plant life and is  
intermediate between homospory and development of 
seed habit. The megaspores are produced by pterido-
phytes such as lycopsids, filicopsids and sphenopsids. 
The fossil megaspores are found in dispersed condition in 
the Indian Gondwana sediments. Their affinity is now 
well established with the lycopsids2. Besides, being  
significant in evolution, the megaspores are indicators of 
source vegetation since they indicate the presence of  
lycopsids which are not well represented in the Indian 
Gondwana sediments, useful in biostratigraphy and in in-
terpretation of palaeoclimatic conditions. 
 The megaspores are classified on the basis of their  
external and internal structures. There are several reports 
of megaspores from various formations (Talchir, Karhar-
bari, Barakar, Barren Measures, Raniganj, Maitur, Tiki, 
Jabalpur Umia, Athgarh)3–5 of different Indian Gondwana 
basins, namely Damodar, Mahanadi, South Rewa, Sat-
pura and Wardha–Godavari. Besides, megaspores are also 
reported from the Mesozoic sediments (Early Cretaceous, 
Bhuj Formation) of Kutch region in Gujarat6. 
 Till date, 45 genera and 159 species are recorded from 
India (Figure 1). In this age of electronic communication 
which has made the whole world a global village and 
considering the wealth of information accrued on the  
Indian Gondwana megaspores, a careful, detailed, com-
prehensive and precise update is required on the subject 
to preserve the relevant data in digitized form. To facili-
tate this, the Indian Gondwana Megaspore Information 

System (IGMIS) software has been developed, which will 
expedite the study of Indian Gondwana megaspores in an 
easy manner. The database presently developed in the 
form of desktop application is being converted into  
web-based application for wider dissemination. 
 Traditionally, megaspore study starts with maceration 
of samples and their isolation by picking them up indi-
vidually. They are then photographed in incident 
light/SEM for the study of external characters. Further, 
the megaspores are treated with nitric acid and 5% KOH 
for study of internal characters under transmitted light 
with the help of a high-power microscope. The mega-
spores are again photographed at this stage. Both the ex-
ternal and internal characters are useful for their precise 
identification. The megaspores are then compared with 
the previously described ones. This is a time-consuming 
and tedious process as the information is spread in vari-
ous journals – both national and international. Accessing 
all previously published literature at one place at a time 
becomes a limiting factor for correct identification and in 
creating a new genus or species. According to Riedel and 
Budai7, the major problem with palaeontological informa-
tion is that the names by which fossils are recorded tend 
to change in meaning over the years, since they are 
treated differently by different authors. To solve this 
problem a computer-based application is required, which 
can provide precise knowledge about a particular taxon 
with regular updating. 
 The use of computers in the field of palynology dates 
back to the mid-1950s and since then it has been utilized 
in various countries. Kremp8 established a computer-
based research centre in Arizona, USA. Hart9,10 comput-
erized the palynological literature with respect to Karoo 
sediments of South Africa, and Guppy et al.11 utilized the 
computer-based applications in the identification of spores 
and pollen grains12. The main objective of the present 
communication is to evolve a database system which can 
be used as an information pool and give complete refer-
ence, including photographs to study the finer details of 
the taxonomical features of the exosporia and mesosporia 
of the Indian Gondwana megaspores. Besides, the distri-
bution of megaspores in different horizons and sedimen-
tary basins of India has also been taken into account. A 
Windows-based computer software is being developed to 
generate knowledge base on Indian Gondwana mega-
spores. This software is capable of reproducing the pub-
lished and reported literature under different categories, 
e.g. serial number, name of the genus and species, type 
species and authors, year of publication, title of paper, 
journal name, page number, type of megaspore, shape, 
nature of trilete mark, nature of exosporium, nature of 
mesosporium, age, formation, coalfield, area of collec-
tion, GIS coordinates of the area, district, state, images, 
plate number, figures, reference and slide number. 
 The use of computer programming will accelerate the 
process of identification of megaspores and retrieve their 
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Figure 1. Species distribution graph. 
 
 

Table 1. Transaction table 

Table name Description 
 

Type Information about the specific structure of megaspore 
Genus Information about the genus 
Species Information about the species 
Type species Information about the first species of specific genera 
Author Information about the authors 
Formation Information about the formations from where the sample  

 was collected 
Age Information about different ages of samples 
Coalfield Information about the coalfield from where the sample  

 was collected 
District Information about the district from where the samples  

 were collected 
State Information about the states from where the samples 

were collected 
Journal Information about the particular journal from where the  

 data have been procured 

 

complete details. Consequently, the whole process will be 
easy, fast and precise. 
 To develop the core database, the information on 
megaspores has been collected from both the primary and 
secondary resources like research papers, journals,  
abstracting services, textbooks, monographs, catalo-
gues13,14 and logically integrated in accordance with the 
database management system15. 
 The goal of a database is to organize information and 
automate tasks16 (for example, searching through text for 
a specific criterion or matching text). It has a structure, 
information and way to query information that fits into 
that structure besides a way to retrieve subsets or full sets 
of that information. 
 Methodology followed for the database is the collec-
tion and compilation of different datasets of megaspores, 
their scientific validation by subject experts, entry into 

the structured database (Microsoft SQL2005) and user-
friendly retrieval of the data through a Windows-based 
interface to assist the researchers on Indian Gondwana 
megaspores. This database makes available repository 
data of megaspores with basic and advance search. 
 Riedel17 introduced a program in Turbo Prolog to assist 
users to identify fossils consistently and expeditiously. 
The program required familiarity of the user with com-
mand strings of the respective programming language, as 
graphic user interface (GUI) was not in vogue at that 
point of time. This was a major disadvantage as the user 
has to be conversant with the programming language at 
command level to use the database and acquire the desired 
information, thus limiting its use by a common researcher. 
This program was designed for the palaeontological  
applications. 
 The programming language of the present system is 
coded in Microsoft Visual Basic Dot NET 2010 used as 
front end and Microsoft SQL Server 2005 used as a back 
end. The application can run on a PC with at least Core 2 
Duo processor or higher version and 1 GB RAM or higher 
version on Windows 7/Windows 2000/Windows 2003 
server or higher version. The information gathered from 
the field was entered in Microsoft SQL Server 2005 data-
base management system, which also served as back end 
of the software. All the tables are linked through primary 
keys18 with one-to-one and one-to-many relationships19. 
 The database can be separated into two basic types: the 
transaction table (Table 1) and the master table (Table 2).  
The transaction table holds all the information related or 
pertaining to a particular idea or object; for example,  
author table contains all relevant information with respect 
to the original author of the megaspore genus and the 
subsequent authors who have added to the knowledge of 
the megaspore data. The master table provides description 
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Figure 2. Relationship between different tables in IGMIS software. 
 
 

Table 2. Master table 

Table name Description 
 

Megaspore master Complete record of megaspore data with images  
 in binary form 

 
 
and photo-documentation of all the known Indian Gond-
wana megaspores. 
 The database is simple and has a user-friendly struc-
ture. It will help in creating general awareness about Indian 
Gondwana megaspores along with promoting scientific 
temperament in the local community by disseminating  
information and is additionally useful to those interested 
in the traditional methods of investigation of megaspores. 
Hence, this database serves as an information bank for  
future research20 as the computer program is of a genera-
lized nature and can be easily modified to meet similar 
needs for other branches of science as well. Being Win-
dows-based, it is user-friendly and can be easily accessed 
by any person familiar with general computer usage21. 
The flow chart depicting the retrieval strategy is given in 
Figure 2. 
 The front end of the present system is divided into two 
major parts: data management form (data entry) and data 
manipulation form (basic search and advance search). 

 In order to perform various tasks directly on the raw 
data, a set of data manipulation forms has been developed 
(Table 3). The tasks include viewing and exporting the 
data along with adding, deleting or editing the records 
within the database exclusively by the administrator. This 
allows the user to access and also have overall control of 
the data stored within the database (Figure 3). This  
information helps describe and update the raw data. Due 
to its relational database design, while editing the data-
base table information, changes need to be applied once 
from within the master megaspore table. These changes 
are automatically reflected the next time when the data 
are queried. Records can be entered one by one using the 
data entry form. In this form, the data are recorded digi-
tally. The whole procedure requires a short time to  
answer the questions, view the newly formatted data and 
import them to the database. 
 The data manipulation form helps in advance data  
retrieval tasks by any of the files related to megaspores, 
which can be achieved through queries. Data retrieved 
and displayed by these forms cannot be altered in any 
manner. Under the section of basic search, users can  
access records from the database on the datagrid by enter-
ing any text in the textbox. Under the section for advance 
search, records can be searched by a combination of  
different fields together. In both the search techniques, 
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Figure 3. Data management form. 
 
 

Table 3. Interface for front end module of IGMIS 

Modules of IGMIS interface              Description 
 

Data management form This form is used to enter records in the database with photographs in IGMIS 
   software 
Data manipulation form 
 Basic search This form is used to search any character in IGMIS software 
 Advance search This form is used to search different available fie lds in IGMIS software 

 
megaspore details along with their images are displayed 
on the datagrid. 
 The sample output of basic search and advance search 
in IGMIS software is given in Figure 4 a and b respec-
tively. The significance of this program is to obtain  
complete details of megaspores as a whole or in desired 
combinations of datasets in a speedy manner. The logical 
order is an additional asset of a data processing system. 
Database of megaspores can be generated in desired  
format to provide significant information within a short  
period of time. Availability of the database, irrespective 
of time and geographical zone, makes it an important link 
of exchange of information between academicians and 
palaeobotanical researchers. However, the data contained 
within such a system entirely depend upon human skill. 
The current datasets of Indian Gondwana megaspores up-
dated in the database are validated by experts and are 
generally error-free. The flexibility of the system allows 
incorporating valuable information published in scientific 
journals, research papers, scholar research reports and 
books published on the related subjects. 
 The IGMIS has the potential to contribute substantially 
to megaspore systematics by providing information to 

any megaspore researcher who has access to a computer. 
It provides access to state-of-the-art validated and  
updated information on megaspores of Indian Gondwana 
basins through distributed databases to users who seek 
answers to their own systematic and taxonomic queries. 
The IGMIS software helps in computer-aided identifica-
tion of megaspores. In doing so, it facilitates both re-
search and educational objectives. Moreover, it is easy to 
access the megaspore knowledge, especially for  
researchers who have limited or no access to megaspore 
information, work in relatively remote localities and lack 
access to frequently updated specialized libraries and  
expertise. The IGMIS is a pioneer and unique application 
resulting from a global attempt to develop a holistic data-
base on Indian Gondwana megaspores and provide  
simple, straightforward database access. 
 The IGMIS holds promise to bring precision through 
computer-aided identification of megaspores and thus 
helps in reducing/minimizing the avoidable information 
load due to new species creations based on incomplete or 
fragmented past knowledge. The photo-documentation of 
megaspores provides a graphical view for scientific  
comparison and identification of old/new species/genera.  
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Figure 4. a, Basic search; b, Advance search. 
 
 
Photographs along with the data are additionally helpful 
for precise identification of the megaspores. 
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The study reports some observations on reproductive 
biology of mouse deer (Moschiola indica) maintained 
under the conservation breeding programme at the  


