RESEARCH COMMUNICATIONS

unstable chimera by forcing regeneration of buds from
single cells.

1. Broertjes, C. and van Harten, A. M., Applied Mutation Breeding
Jfor Vegetatively Propagated Crops, Elsevier, Amsterdam, 1988.

2. Datta, S. K., Chrysanthemum cultivars evolved by induced muta-
tion at National Botanical Research Institute, Lucknow. Chrysan-
themum, 1988, 49, 72-75.

3. Datta, S. K., Ornamental Plants — Role of Mutation , Daya Publish-
ing House, New Delhi, 1997.

4. Chakrabarty, D., Mandal, A. K. A. and Datta, S. K., Management
of chimera through direct shoot regeneration from florets of chiy-
santhemum (Chrysanthemum morifolium Ramat.). J. Hortic. Sci.
Biotechnol., 1999, 74, 293-296.

5. Mandal, A. K. A., Chakrabarty, D. and Datta, S. K., In vitro isola-
tion of solid novel flower colour mutants from induced chimeric
ray florets of chrysanthemum. Euphytica, 2000, 114, 9-12.

6. Datta, S. K., Chakrabarty, D. and Mandal, A. K. A., Gamma ray-
induced genetic manipulation in flower colour and shape in Den-
dranthema  grandiflorum and their management through tissue cul-
ture. Plant Breed., 2001, 120, 91-92.

7. Murashige, T. and Skoog, F., A revised medium for rapid growth
and bio-assays with tobacco tissue culture. Physiol Plant., 1962,
15, 473-491.

8. Malaure, R. S., Barclay, G., Power, J. B. and Davey, M. R., The
production of novel plants from florets of Chrysanthemum mori-
Sfolium using tissue culture. I Shoot regeneration from ray fl orets
and somaclonal variation exhibited by the regenerated plants. J.
Plant Physiol., 1991,139, 8-13.

9. Gupta, M. N. and Datta, S. K., Effect of gamma rays on growth,
flowering behavior, and induction of somatic mutations in chry-
santhemum. SABRAO J., 1978, 10, 149-161.

10. Datta, S. K., Banerji, B. K. and Gupta, M. N., ‘Tulika’ — A new
chrysanthemum cultivar evolved by gamma irradiation. J. MNucl
Agric. Biol., 1985, 14, 160.

11. Broerties, C., Mutation breeding in chrysanthemum. FEuphytica,
1966,15, 156-162.

12. D’Amato, F., Chimera formation in mutagen treated seeds and
diplontic selection. In The Use of Mutations in Plant Breeding,
Report of the FAO/NAEA Technical Meeting, Rome, 1964, Per-
gamon Press, Oxford, 1965, pp. 302-316.

13. Broertjes, C. and van Harten, A. M., Adventitious bud formation
on isolated leaves and its signifcance for mutation breeding.
Euphytica, 1968, 17, 321-344.

14. van Harten, A. M., Bouter, H. and Broertjes, C., In vitro adventi-
tious bud technique for vegetative and mutation breeding of potato
(Solanum  tuberosum L.). 1L Significance for mutation breeding.
Euphytica, 1981, 30, 1-8.

ACKNOWLEDGEMENT. We
for providing facilities.

thank the Director, NBRI, Lucknow

Received 24 May 2004; revised accepted 23 July 2004

158

Palaeoecological significance of
ichnofossils from the Early Cambrian
succession of the Spiti Valley, Tethys
Himalaya, India

1, . 2

S. K. Parcha'*, B. P. Singh” and

. . 1
Birendra P. Singh
"Wadia Institute of Himalayan Geology, 33 Gen. Mahadeo Singh Road,
Dehra Dun 248 001, India
2Postgraduate Department of Geology, University of Jammu,
Jammu 180 004, India

The diverse assemblage of ichnofossils recorded from
the Early Cambrian succession of the Kunzum La For-
mation in Spiti basin ranges in age from the Chiung-
chussuian stage of the Lower Cambrian to the Maochu
angian stage of the Middle Cambrian. The trace fossil
assemblage is dominated by Cruziana, Skolithos and
partially by the Nerites ichnofacies, showing behavioural
diversity from suspension to deposit feeders. Distribu-
tion of the observed ichnofacies variation is attributed
to the availability of oxygen and nutrient influx. Ichno-
fossil studies of this area further indicate that the ben-
thic palacocommunity was dominated by annelids or
similar worm-like animals living predominantly within
the sediments, while the trilobites were trailing on the
sea floor. The inferred palaeoecological distribution of
ichnofossil assemblage is based on modern analogue of
ocean slope and shelf zones. The litho and ichnofacies
association indicates anaerobic to dysaerobic trends of
the ichnofauna from Nereites to Skolithos ichnofacies.
Three distinctive lithofacies association have been recog-
nized and the stratigraphic disposition reflects a general
upward coarsening of the sediments.

THE Tethys Himalaya extends north of the Himadri (Great
Himalaya) along the northem margin of the Indian plate.
The entire Tethyan sediments, divisible into five sub-basins,
are represented predominantly by the Spiti and the Zan-
skar basin. The present work is restricted to the Spiti ba-
sin, which is flanked in the north by the Zanskar range and
in the south by the Dhauladhar—Pir -Panjal range (Figure 1).
Various workers have worked out the stratigraphy and
geology of the Spi'cilf9 and Parcha'®'?. The Cambrian sedi-
ments of Spiti basin are well exposed in the Pin, Parahio val-
leys, and also around the KunzumLa-Tackche area. The
Lower Cambrian succession in the Spiti basin is rich in trace
fossils; occurring in many horizons within siltstone, shale
and sandstone. Trace fossil fauna from this area has also
been reported by many researchers'®"”. Since the body
fossils are not reported/absent in the basal part of the Lower
Cambrian particularly in the Spiti basin, the detailed
study of trace fossils is of increased importance, particu-
larly for deciphering the palacoecology of the area. In the
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Figure 1.

a, Inset showing the distribution of Tethyan basins of the Himalayan regions.

b, Geo-

logical map of Spiti valley showing the Palacozoie-Mesozoic rocks of the Spiti basin of Himachal

Pradesh, India (modified after Bhargava et al.’).

present investigation, the trace fossil assemblage recorded
from Pin—Parahio area is interpreted for revealing the palaco-
environment and palacoecology of the Early Cambrian suc-
cession in the Spiti Valley.

The Cambrian rocks conformably overlie the Precambrian
rocks ‘Vaikrita System’. The term ‘Haimanta System’ was
given by Griesbach® for the Cambrian rocks but later on Sri-
kantia® provided the term Haimanta Group. The Haimanta
Group consists of Batal, Kunzum-La and Thango formations.

The Kunzum-La Formation overlies the Batal Formation.
In the Kunzum-La-Tackche section of the Spiti Valley, the
Kunzum-La Formation is well exposed and consists of green-
ish-grey siltstone, shale, slate, quartzite, sandstone, dolomite
and local pebbly beds’. The Kunzum-La Formation passes
upward unconformably into the Thango Formation.

Trace fossils were collected from the Kunzum-La Fomma-
tion exposed in Kunzum-La-Tackche, Pin and Parahio se-
tions of the Spiti Valley. Detailed lithologic set-up and
distribution of their trace fossil bearing horizons is illus-
trated in Figure 2.

Sixteen genera of trace fossils were identified. The re-
corded genera include

Bergaueria, Cruziana, Chondrites,

Diplichnites,  Dimorphichnus,  Gordia, Gyrochorte, Hel-
minthopsis, Monomorphichnus, Planolites , Phycodes,
Rusophycus,  Skolithos,  Trichophycus,  Taphrhelminthop-
sis, Neonereites and trilobites scratch marks. The trace
fossil taxa Phycodes, Trichophycus, Planolites and Cho-

ndrites occurred simultaneously in the basal part of the
Lower Cambrian rocks. The assemblage of recorded trace
fossils shows change, both in abundance and diversity
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throughout the succession. The diversity increases up-
wards in the sections and is dominated by the trace fossils
taxa of shallow-water neritic zone (shelf and slope) like
Diplichnites, Dimorphichnus, Monomorphich-
nus, Phycodes, Trichophycus and  Cruziana.  Skolithos
ichnofacies occur in association with the trilobite scratch
marks, higher in the succession. In all the sections of the
Spiti basin, no early Cambrian trilobite has been reported
so far immediately from the underlying and overlying
strata or in association with the present trace fossil as-
semblages. The only trilobite of early Cambrian reported
so far from the Pin valley section is Redlichia noetlingi
by Hayden3 and Parcha'®'’, but both have been collected
from the float and not in sifu. It seems that the Pagetia-
bearing horizons, which occur well above the trace fossil-
bearing horizons in the Kunzum-La Formation, may be
younger than the Redlichia noetlingi bearing beds. Hence,
the present trace fossil assemblage may represent the
Chiungchussuian  stage of the Lower Cambrian to the
Maochuangian stage of the early Middle Cambrian.

The ichnofossil assemblage represents resting and graz-
ing traces together with trails preserved in sandstone, silt-
stone and intercalated dale beds. Majority of the trace fossils
represent trails and tracks on bedding planes. The parallel
clongated ridges with intermediate, narrow, V-shaped de-
pression of Cruziana are preserved as positive hyporeliefs.

Rusophycus,

Spiral markings of Helminthopsis are preserved in asso-
ciation with other trace fossil taxa as Gyrochorte, Gordia,
Neonereites and Taphrhelminthopsis. Traces of trilobite acti-
vity in the form of Diplichnites, Dimorphichnus, Mono-
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morphichnus and Rusophycus are also well preserved in
shale and silt stone beds.

In all, three distinctive lithofacies associations are rec-
ognized on the basis of field characteristics and lithology. The
vertical stratigraphic disposition reflects a general upward
coarsening of the sediments in all the sections. The basal
part in all the sections is marked by the presence of shale—
sandstone facies association (facies association-1) deposited
in the turbidity current dominant environment, while up-

section siltstone—sandstone facies association (facies asso-
ciation-2) represents predominantly shelfto-slope envi-
ronment. The lithofacies association-2 appears deposited

under sufficient water depth and where weak turbidity cur-
rents were active. The top part of all the sections is domi-

nated by siltstone—quartzite lithofacies association (facies
association-3),  thereby indicating barrierto-shelf envi-
ronment of dep osition.

The important characteristics of the lithofacies associa-
tions, occurrence and distribution of the ichnofacies in them,
and their significance in interpreting the bathymetry are
illustrated below.

Facies associationl. Is represented by thick intercala-
tion of shale and sandstone units. The trace fossils are mainly
associated ~with  sandstone facies. The grey-coloured
sandstone is mainly bedded. The particles are of bimodal
distribution dominated by medium grains and show con-
cavo-convex contact. Angular polycrystalline quartz grains
occur in association with muscovite flakes and clay matrix.
The mica flakes are bent along the quartz grains and rock
fragments give appearance of a pseudomatrix. The angular
grains of quartz indicate their local supply from a nearby
metamorphic provenance. This facies has undergone a high
degree of compaction that is evident from bent micaceous
flakes. This lithofacies is dominated by ichnofabrics of
Planolites, Chondrites, Trichophycus, Phycodes, worm and
burrows and Helminthopsis of shallow to deep slope Nereites
ichnofacies (Figure 3). The mode of preservation of these
ichnofabrics, the grey colour of sandstone, sufficient amount
of matrix and wacke-type of composition of lithofacies sug-
gest this lithofacies to be deposited under weakly oxidizing—
weakly reducing environment and sediments were laid down
by the turbidity currents.

Facies association-2 is marked by intercalations of lami-
nated grey siltstone and grey sandstone. The trace fossils
mainly occur in the siltstone facies. The siltstone contains
silt-sized quartz grains in clay-rich matrix. The clay min-
erals and mica/chlorite grains are confined along the lamina
planes. Alignment of the mica and chlorite grains seems
related to their slow settling, either below the wave-base
or under the weak current activity and weakly oxidizing—
weakly reducing environmental conditions similar to asso-
ciated sandstone. The ichnofabric of this facies is dominated
by Gyrochorte, Gordia, Phycodes, Planolites, Monomor-
phichnus, Dimorphichnus and Chondrites of shallow to
deep shelf Cruziana and Arenocolite ichnofacies (B, C;

Figure 3).
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Facies association-3 mainly consists of intercalations
of thinly laminated siltstone and quartzite units. The trace
fossils are mainly preserved in the quartzite facies. The quart-
zite (quartz-arenite) possesses sub-rounded to rounded par-
ticles and shows sub-paralle]l orientation with sutured contact.
Polycrystalline quartz occurs along with muscovite, biotite
and plagioclase. The quartz arenite seems to be deposited
after sufficient transportation and reworking before sedi-
mentation, and sutured contact suggests high depth of burial.
This lithofacies is mainly dominated by Skolithos, Ber-
gaueria, Rusophycus and trilobite scratch marks.

The trace fossil assemblage recovered from the analysis
of the basal part of the Lower Cambrian succession of the
Spiti basin permits a detailed interpretation of the palaco-
ecological conditions. The ichnocoenosis is dominated by
a high behavioural diversity ranging from the suspension
feeders to deposit feeders, displaying cubichinal, fodinich-
nial and domichinal behaviours. In the pesent study the
Cruziana, Skolithos and Nerites ichnofacies have been pcor-
ded. In some horizons Planolites, Chondrites and Skolithos

occur together on a single slab, demonstrating well-oxy gena-
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Figure 2. Ichnofossil distribution in the Lower Cambrian rocks of the
Kunzum La, Parahio and Pin valley sections in the Spiti region of the
Tethys Himalaya, India.
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Figure 3. Ichnofacies and inferred palacoecological set-up based on ichnofossils recorded from the Farly Cambrian succession of the Spiti Valley,

Tethys Himalaya. Ichnofacies: A, Skolithos; B, Cruziana and Arenicolites; C, Cruziana and Zoophycus and D, Nereites (based on Savrada and

Bottjer '°, Ekdale and Mason?’, and Crimes ef al.*").

ted high-energy condition, whereas Chondrites represent an
oxygen-starved, low energy condition. The ichnofossil di-
versity is high in sediments deposited in shelf environment,
probably due to an ecological disturbance. The abundance of
Diplichnites—Rusophycus fossil assemblage reveals the shal-
low marine ichnofacies. The Lower Cambrian benthic alaeo-
community thus, was dominated by annelids or similar
worm-like animals living principally within the sediments,
whereas the trilobites were thrashing on the sea floor. The
transition from an anaerobic to aerobic condition was disti-
nctly marked by a faunal change from endobenthic, soft-
bodied, deposit feeders to epibenthic grazers (Figure 3).
Bromely and Ekdale'™ observed that the anaerobic envi-
ronment of the ocean water impinges on slopes and upper
bathyal zone not flushed by oxygen-rich current and assig-
ned by typical trace fossils of the Chondrites. The pres-
ence of Cruziana ichnofacies in the Spiti basin revealed
that during the Early Cambrian the region was probably
subjected to rapid storm-generated, accreting sand deposition.
Only a solitary freshwater trace fossil, Scoyenia has so far
been reported from the Kinnaur sections of the Lahaul region
by Bhargava and Bassi "

Ichnofossil assemblage recorded from the Spiti region
suggests that the availability of nutrients strongly influ-
enced their distribution, as well as abundance. The assem-
blage was also influenced by the presence of oxygen in both
water column as well as in unconsolidated sediments. It
seems that the trace fossil assemblages in this region have
been affected by the concentration of oxygen level in the
water column. Such features have also been studied by
Savrada and Bo‘rtjer19 from Niobrara Formation, Colorado.
Higher concentration of oxygen and nutrient influx along
the sea shelf influences the behaviour (fodinichina, domi-
nichina) and increased bioturbation, diversity and abun-
dance of trace fabrics™*".
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In the Spiti region the transition of pascichnial to domi-
chinal activity has been observed at the middle part of the
Lower Cambrian (Tsanglangpuian) stage. Further it has been
noticed that the diversity is increasing upward in the suc-
cession from Lower to late Middle Cambrian (Maochuan-
gian) stage. So far, there is no record of body fossil along
with the trace fossils; it seems to be a worldwide pleno-
menon, which makes the presence of trace fossil interpre-
tation useful for the constraint of palaeoenvironmental and
palacoecological analysis at this level in the region.

The characteristic trace fossil, Trichophycus
formerly Phycodes pedum, has not been reported in the

pedum

present investigation, though the trace fossil genera, Tricho-
phycus has been recorded from the KunzumrLa, Pin and
Parahio sections. The genus is considered as a horizon
marker for the beginning of the Cambrian though it extends
upwards, but does not occur below the Lower Cambrian.
So the boundary can be marked essentially at the level
where Trichophycus first eppears in these successions. In
fact, the biostratigraphy of the Lower Cambrian succession
of this region is presently based on the trace fossil assem-
blage. The typical Precambrian-Cambrian boundary marker,
Trichophycus pedum is reported from the worldwide Cam-
brian sections of Australia®, Norway23 and in the Zanskar re-
gion of Ladakh Himalaya“. Thus in the absence of body
fossils in these successions at this level, the Lower Cambrian
biostratigraphy of the region can be marked mainly on the
basis of trace fossil assemblage only.

The characteristic trace fossils collected from the lower
part of the Kunzum-La Formation indicate that the lower
part of the formation was deposited in the deep-to-shallow
shelf setting. Hence, this diverse assemblage of trace fos-
sils is useful to elucidate the temporal palacoenvironment
and palaeoecological conditions, which existed in the Tethyan
region of the Spiti basin during the Lower Cambrian. These
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studies further suggest that there existed a low energy depo-
sitional environment at this level of sedimentation.
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Bovine viral diarrhoea (BVD) is one of the most econo-
mically important infectious diseases in cattle world-
wide and the causative agent, BVD Virus (BVDV) is a
pestivirus in the family Flaviviridae. Though prewlence
of BVDV antibodies in Indian cattle has been established
by serology, information on the use of multiplex PCR for
diagnosis and characterization of BVDV isolates at
genomic level is lacking. In this study, we report dve-
lopment of a multiplex polymerase chain reaction
(PCR) assay using primers of 5" untranslated region
(UTR) and structural glycoprotein (E1-E2) region,
which generated two different amplicons (288 bp and
784 bp) in a single tube when 13 Indian BVDV isolates
were tested. Both the amplicons were found specific when
restriction enzyme analysis and subsequent nucleotide
sequencing of three selected isolates representing dif-
ferent geographic areas of India were performed. The
sequence analysis of both the regions grouped them
into BVDV 1b genotype. The study demonstrated that
multiplex PCR can be used for identification and sub-
sequent genotyping of BVDYV isolates.

PESTIVIRUSES are important pathogens of cattle, sheep and
pigs and cause significant economic losses throughout the
world'. The genus pestivirus in the family Flaviviridae
contains Bovine Viral Diarrhoea Virus (BVDV), Classical
Swine Fever Virus (CSFV) and Border Disease Virus

*For correspondence. (e-mail: hkpradhan45@prediffimail.com)

CURRENT SCIENCE, VOL. 88, NO. 1, 10 JANUAR Y 2005



