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Abstract 

  Discoveries of insect wings, insect activities in fossil flora and microbial 

association with plant fossils have helped to understand the interrelationship of plants 
and insects and role of mico-organisms in Gondwana flora. 

 
Introduction 

 

Taxonomy, systematics, origin, evolution and distribution of plants and their 

significance in stratigraphy, palaeoecology, palaeoclimatology and palaeogeography have 

traditionally been carried out by many workers in Gondwana sediments from different basins of 

India (Lakhanpal, et al. 1976; Chandra and Tewari, 1991). Recently, findings of insect wings, 

insect damaged plant fossils and evidences of fungal and bacterial assault in the flora have 

revealed the existence of well organized insect-plant relationship and mutualistic, parasitic and 

saprophytic role of microorganisms in Gondwana flora of India. The study provides a new trend 

in understanding the ecosystem dynamism, as evident in the extant flora. 

 

Insect-Plant Association 
 

Earliest evidence of insect-plant association in fossil flora is known from the Lower 

Devonian plant assemblages of Rhynie Chert (Smart and Hughes, 1973; Kevan et al., 1975). It 

has been discussed that insects coevolved with the development of plant communities (Strong 

et al., 1984) and systematic development of insect fauna and insect activities are evident in 

the subsequent flora of Carboniferous (Scott and Taylor, 1983; Scott et al., 1992). 

 

Feistmantel (1880) while describing the Lower Gondwana flora of Raniganj Coalfield 

doubted the presence of insect wing in the Gondwana sediments of India. Due to its uncertain 

nature he described the specimen as insect wing-like fragment of leaf (Feistmantel, 1880; Pl. 

16, Figs.7, 7a).  

 

Handlirsch (1906-1908) for the first time reported the well preserved and complete 

hind wing of cockroach, Gondwanoblatta reticulata from Gondwana equivalent sediments of 

extra-peninsular regions of Kashmir. Later Rao and Shah (1959), Bana (1964), Verma (1967) 

reported insect wings from different Gondwana localities. Recent investigations carried out by 

Dutt (1977), Srivastava (1988a, b, 1996), Pant and Srivastava (1995) have revealed the 

presence of insect wings in association with plant fossils. On the basis of venation pattern 

wings are classified with insects belonging to Blattoidea, Homoptera, Mecoptera and 

Coleoptera groups of insect. 

 

Plant fossils showing insect activities in the form of eaten/chewed leaves, mining 

activity, gall impressions, egg pouches over the surface of leaves, burrowing behaviour in 

stems, seeds (Srivastava, 1988a, b, 1996, 1998; Pant and Srivastava, 1995) and trace fossils 

of faecal pelletes with plant material and horizontal/vertical burrows possibly representing the 
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locomotary behaviour of insect (De, 1990; Maheshwari and Bajpai, 1990; Chandra and Singh, 

1996; Srivastava et al., 1996) indicate the existence of mutualistic relationship of insect-plant 

in Gondwana flora of India. Insects used plants for feeding, shelter and reproductive purposes 

and in turn plants benefitted themselves in dispersal and propagation mechanisms. 

 

The informations in hand suggest that there is enough scope to examine the insect-

plant relationship in Gondwana flora of India. To study animal-plant interaction in flora there is 

a need to examine each and every fossil specimen. Lack of data in this discipline is probably 

due to identification of such features in fossils rather than their absence, for example leaves 

with severely chewed or eaten margin might well have been discarded because they were 

considered to have been badly preserved (Fig. 1). 

 

Fig. 1-3:  1. Glossopteris leaf showing insect chewed/eaten margin. BSIP No. 36229 

x 1 (Srivastava, 1988b). 2&3. Part and counterpart of coleopteran insect 

wing comparable with Kaltanicupes sp. BSIP No. 37041 Ca 7 (Srivastava, 

1996).  

Fungal Association 
 

Investigations of fungal association in fossil floras have increased the interest of palaeo-

mycologists in understanding sedimentology, palaeoecology, palaeontology and evolutionary 

dimensions of plants and environment (Pirozynsky, 1981; Pirozynsky and Malloch, 1975; 

Malloch et al., 1980; Stubblefield and Taylor 1988). Fungal diversity, interaction and role of 

fungi in plant fossils as heterotrophs, decomposers, saprophytes, parasites/pathogens and in 

palaeoecological interpretations are considerably examined in the flora of Europe and America 

(Boullard and Lemoigne, 1971; Lyons, 1991). 

 

Gondwana plants from Permian and Triassic deposits of Antarctica show good deal of 

fungal interaction (Osborn and Taylor, 1989). In India fungal hyphae and fruiting bodies are 

mostly known from post-Gondwana sequence of Tertiary age (Jain, 1974; Rao and 

Ramanujam, 1976; Kar and Saxena, 1976; Saxena and Khare, 1992). Petrographic analysis of 

Gondwana coals has revealed the presence of fungal spores (Pareek, 1958). Biradar and 

Bonde (1976) have described Rhizoctonia-a deuteromycetaceous fungi in pith region of 

gymnospermous wood from Upper Permian beds of Maharashtra. The occurrence of fungi over 

the cuticular surface of Glossopteris and Thinnfeldia is known but apparently interference with 

the host plant is not known. 
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Fig. 4-5:  4. Neoggerathiopsis leaf under SEM to show irregular spots over the surface 

(Srivastava 1993) x 250. 5. SEM photograph of infected leaf showing fungal 

hyphae, spoes and degraded cellular tissues (Srivastava, 1993) x 2500. 

  

Firm evidence of fungal interaction with host plant showing biological response has 

been observed in the leaf specimens of Glossopteris and Noeggerathiopsis (Fig. 4& 5). The 

leaves are preserved as coalfield compression and externally bear small irregular shaped spots 

over the surface. Scanning Electron Microscopic (SEM) study of infected portion of leaves show 

number of fungal hyphae and fruiting bodies in association with degraded and damaged 

cellular tissues of plant (Srivastava, 1993). The specimens signify the direct bearing of fungi 

with host plant and possibly suggest the parasitic or saprophytic nature of fungi. The example 

proposes to critically evaluate the Gondwana flora in terms of palaeomycology because plants 

ought to be affected by fungi for various types of biological and geological processes. 

 

Bacterial Association 
 

Bacteria play an active role in the formation and evolution of the bisophere and 

bacterial activity results into the genesis of different types of ores. Biodegradation process 

associated with bacteria help in decomposition of organic matter to release fixed carbon as a 

requisite step in the carbon cycle. 

 

It is difficult to identify bacterial association with plants in fossils because of their small 

size and difficulty in identifying them from other smaller organisms like cynophytes and fungi. 

Sometimes artefacts formed during the preparation of sample also abduct their identification. 

However, bacterial colonies are known to exist in sediments ranging from Pre-Cambrian to 

Recent. 
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Fig. 6-8: 6. External  morphological features of Scutum – type glossopterid fructification 

x 2 (Srivastava and Tewari, 1994). 7. SEM photograph of fructification cuticle 

showing damaged and degraded cellular tissues x 1500 (Srivastava and Tewari, 

1994). 8. SEM photograph showing seed/ovule possessing plaque, pit-like 

structures with rod shaped bacterial colony x 1000 (Srivastava and 

Tewari,1994). 

 

 

 
 

Fig. 9-10: 9. Enlargement of photo of fig. 8 to show the details of seed cuticle and  

bacteria x 12000. 10. Further enlargement to show the nature of rod 

shaped bacteria x 2500 (Srivastava and Tewari, 1994). 

 

The decay of plant material by bacteria and fungi is well acclaimed in Indian Gondwana 

(Bobde, 1979) but study of bacteria or sign of bacterial degradational product has not been 

attempted positively in the Gondwana flora. Lower Gondwana plant fossils investigated from 

Jharia Coalfield, Bihar show their faithfulness towards an understanding of bacterial association 

with plants. Cuticular pieces recovered from Scutum- type glossopterid fructification, under 

SEM study indicates the presence of bacterial colony and degraded cellular tissues (Fig. 6&10). 

Quite often marred surface of seed cuticle with plaque/pit-like structures demonstrate as-

sociation of rod shaped bacteria (Srivastava and Tewari, 1994). The specimen shows the 

testimony of bacterial association and bacterial degradation in Gondwana flora of India. The 

information derived from such specimens suggest that to examine bacterial association in 
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Gondwana plants the structural features especially the cuticles of leaf and fructifications be 

studied at higher resolutions preferably under Scanning Electron Microscope. 

 

The knowledge of Indian Gondwana flora has greatly advanced with the established 

practice of morphology and taxonomy. Nevertheless, it is imperative to make sincere approach 

to examine the flora to find out the insect activities, trace fossils, association of micro-

organisms and degradational phenomenon of the flora. The study will help in evaluating the 

interaction of plants with animals, microorganisms and in discussing the evolutionary and 

environmental stress during Gondwana in India. 
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Palaeobotany, Lucknow for permission to send the paper for publication. 

 

References 

Bana, H. R. (1964) Prognoblattina collumbiana Schudder from Permio-Carboniferous beds near Srinagar, 

 Kashmir, India. Int. geol. Cong. 22nd Session, New Delhi, Pt vii, pp. 274-281. 

Biradar, N.V. and Bonde, S.D. (1976) Maharashtra Vigyan Mandir Patrika, v. 11, pp. 210-213. 

Bobde, S.P. (1979) Environmental conditions of deposition during the Barakar Period in India-with special 

 reference to paucity of animal fossils. Proc. IV th Gond. Symp. Geol Surv. Ind., Calcutta 1977, 

 v.1, pp. 327-335. 

Boullard, B. and Lemoigne, Y. (1971) les champignons endophytes du Rhynia gwynnevaughanii. K. et al. 

 Le Botaniste, v.54, pp. 49-89. 

Chandra, S. and Singh, K. J. (1996) Plant fossils from the type locality of Talchir Formation and evidence 

 of earliest evidence of plant-animal activity in Gondwana of India. Gondwana Nine, v.1, pp. 397-

 414. 

Chandra, S. and Tewari, R. (1991) A catalogue of Indian Fossil Plants - Part 2. Palaeozoic and Mesozoic 

 megafossils, Birbal Sahni Institute of Palaeobotany, Lucknow. 

 De, C. (1990) Upper Barakar lebensspurren from Hazaribagh, India. J. Geol. Soc. Ind., v.36, pp. 

 430-438. 

Dutt, A.B. (1977) Rajharablatta laskarii a new Lower Gondwana fossil insect from Daltonganj Coalfield. 

 Bihar. Rec. Geol Surv. India, v.108, pp. 167-169. 

Feistmantel, O. (1880) The fossil flora of the Gondwana System: Flora of Damuda-Panchet divisions. 

 Mem. Geol. Surv. India  Palaeont. Indica, Ser 123, pp 1-77. 

Handlirsch, A. (1906-1908) Die fossilen Insekten und Phylogenie der Rezenten Formen. W. Engelman. 

 Leipzig, pp. 351-352. 

Jain, K.P. (1974)  Fossil fungi: Aspects and Appraisal of Indian Palaeobotany. In: Surange, K.R., 

 Lakhanpal, R.N. and Bharadwaj, D.C. (eds.): 38-46 Birbal Sahni Institute of Palaeobotany, 

 Lucknow. 

Kar, R. K. and Saxena, R. K. (1976) Algal and fungal microfossils from Matanomadh Formation 

 (Palaeocene), Kutch, India. Palaeobotanist, v. 23, pp. 1-15. 

Kevan, P.G., Chaloner, W.G. and Savile, D.B.O. (1975) Interrelationships of early arthropods and plants. 

 Palaeontology, v. 18, pp. 391-417. 

Lakhanpal, R.N., Maheshwari, H.K. and Awasthi, N (1976) A Catalogue of Indian Fossil Plants. Birbal 

 Sahni Institute of Palaeobotany, Lucknow. 

Lyons, P. (1991) Bacteria-like bodies in coalfield Carboniferous xylem enigmatic microspheroids or 

 possible evidence of microbial saprophytes in a vitrinite precursor? Int. J. Coal Geol., V.18, pp. 

 293-303. 

Malloch, D.W., Pirozynsky, K.A. and Raven, P.H. (1980) Ecological and evolutionary significance of 

 mycorrhizal sybioses in vascular plants (a review). Proc. Nat. Acad. Sci., USA, v. 77, pp 2113-

 2114. 

Maheshwari, H.K. and Bajpai, U. (1990) Trace fossils from the Permian Gondwana of Rajmahal Hills. 

 Geophytology, v. 20, pp. 45-47. 

Osborn, J.M. and Taylor, T.N. (1989) Palaeolibulus gen. nov A clamp bearing fungus from the Triassic of 

 Antarctica. Mycologia, v. 81, pp. 622-626. 

Pareek HS (1958) Fungal bodies in Talchir coals. J. palaeont. Soc. India, v. 3, pp. 45-50. 



New Trends in Gondwana Palaeobotany: A.K. Srivastava 

 6 

Pant, D.D. and Srivastava, P.C. (1995) Lower Gondwana insect remains and evidence of Insect Plant 

 interaction. Proc. Int. Conf. Global Environment and Diversification of plants through Geological 

 Time. Allahabad, pp. 317-326. 

Pirozynsky, K.A. (1981) Interactions between fungi and plants through the ages. Can. J. Bot. v.54, pp. 

 1824-1827. 

Pirozynsky, K.A. and Malloch, D.W. (1975) The origin of land plants: a matter of mycotrophism. Bio 

 Systems, v.6, pp. 153-164. 

Rao, C.N. (1959) Fossil insects from the Gondwana the Gondwanas of India. Indian Minerals, v. 13, pp. 

 3-5. 

Rao, K.P. and Ramanujam, C.G.K. (1976) A further record of microthyraceous fungi from the Neogene 

 deposits of Kerala in South India. Geophytology, v. 6, pp. 98-104. 

Saxena, R.K. and Khare, S. (1992) Fungal remains from the Neyveli Formation of Tiruchirapalli District, 

 Tamil Nadu, India. Geophytology, v. 21, pp. 37-43. 

Scott, A.C. and Taylor, T.N. (1983) Plant/Animal interactions during the Upper Carboniferous. Bot. Rev., 

 v. 49, pp. 259-307. 

Scott, A.C., Stephensen, J. and Chaloner, W.G. (1992) Interaction and coevolution of plants and 

 arthropods during the Palaeozoic and Mesozoic. Phil. Trans. R. Soc. Lond., v. B335, pp.129-163. 

Smart, J. and Hughes, N.F. (1973) The insect and the plant: Progressive palaeoecological integration in 

 van Emden HF (ed) In Insect plant relationship. Symp. Roy. Ent. Soc. London, 6. Blackwell, 

 London, England, pp.143-155. 

Srivastava, A.K. (1988a) An insect wing from the Lower Gondwana of India. J. Paleont., v. 62, pp. 827-

 828. 

Srivastava, A.K. (1988b) Lower Baraker flora of Raniganj Coalfield and Insect/Plant relationship. 

 Palaeobotanist, v. 36, pp. 138-142. 

Srivastava, A.K. (1993) Evidence of fungal parasitism in the Glossopteris flora of India. Comte Rendu XII 

 ICCP Buenos Aires, pp. 141-146. 

Srivastava, A.K. (1996) Plant / Animal relationship in the Lower Gondwanas of  India. Ninth International 

 Gondwana Symposium, Hyderabad, India, January 1994. Gondwana Nine, v.1, pp.549-555. 

Srivastava, A.K. (1998) Fossil records of Insects and Insects related plant damage in India. Zoos' Print, 

 v. 13, pp. 5-9. 

Srivastava, A.K., Chandra, S. and Singh, K.J. (1996) Trace fossils from Talchir Formation, Talchir 

 Coalfield, Orissa. Geophytology, v.24, pp. 35-40. 

Srivastava, A.K. and Tewari, R. (1994) Possible evidence of bacterial degradation in Glossopteris flora of 

 India. Palaeobotanist, v. 35, pp. 174-177. 

Stubblefield, S.P. and Taylor, T.M. (1988) Tansley Review No. 12. Recent advances in palaeomycology. 

 New Phytol., v. 108, pp. 3-25. 

Strong, D.R., Lawton, J.H. and South, Wood, S.R. (1984) Insects on plants: Community pattern and 

 mechanisms. Harvard University Press, Cambridge, Massachusetts. 

Verma, K.K. (1967) A new fossil insect from the Lower Gondwana of Kashmir. Curr. Sci. v.36, pp. 338-

 340. 


