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Tablel. Detailsof sample preparation and time period of pulverization

Sample no. Description

QA-5 Pulverized in agate cup for 5 min

QA-15 Pulverized in agate cup for 15 min

WC-5 Pulverized in tungsten-carbide cup for 5 min
WC-15 Pulverized in tungsten-carbide cup for 15 min
WC-30 Pulverized in tungsten-carbide cup for 30 min

Table 2. Comparison of analytical results of tungsten, cobalt and tantalum in International

Standard Reference Materials analysed by Pro-Trace program

GSD-6 GSD-12 GSs-11 GSS-6
Element Certified Obtained Certified Obtained Certified Obtained Certified Obtained
(ppm) value value value value value value value value
w 25 233 37 35.3 6.9 7.6 90 79.3
Co 244 222 8.8 11.6 9.9 7.6 6.2
Ta 0.75 <LLD 3.2 <LLD - <LLD 53 14

LLD, Less than detection limit.

Table 3. Results of tungsten, cobalt and tantalum obtained in the quartz samples prepared

Elements (ppm) QA-5 QA-15 WC-5 WC-15 WC-30
w 0.00 0.00 1982 2511 2827
Co 0.00 0.00 265 322 393
Ta <LLD <LLD <LLD <LLD <LLD

It was observed that no tungsten and
cobalt was detected in the samples pul-
verized in the agate cup. The sample
pulverized in the tungsten-carbide cup
for 5min, recorded 1982 ppm of tung-
sten and 265 ppm of cobalt. At the same
time, the sample pulverized for 30 min
showed 2827 ppm of tungsten and
393 ppm of cobalt. This shows that sam-
ples pulverized for a longer time contain
more tungsten and cobalt and the

concentration is commensurate with the
duration of the pulverization period.

The study reveals that a good amount
of tungsten and cobalt get transferred
into the sample during pulverization
from the tungsten-carbide cup. The con-
tamination of tungsten and cobalt from
the pulverizing cup may lead to errone-
ous interpretation of data, since these are
not the inherent constituents of the origi-
nal source.
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Elysia bangtawaensis Swennen (Nudibranch) from the mangrove
habitat of Mandovi estuary, Goa (central west coast), India

Elysa bangtawaenss Swennen was re-
corded in mangrove swamps from poly-
haline (salinity 18-30 PSU) and mesohaline
(salinity 5-18 PSU) regions during
November—January 2007-08. The popula-
tion was mainly confined to the protected,
shadowed water pools, and agal and
seagrass patches associated with the mid
and lower intertidal zones of the estuary.
The percentage frequency occurrence
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(% FO) of E. bangtawaensis varied from
10 to >90 at different stations, while the
average density ranged from O to 400 nos/
m?. The population was found to be
declining during January.

During regular monitoring of man-
grove habitats, aggregation of Elysia sp.
was noticed from mangrove swamps in
the mesohaline zone (Figures 1, 2a and
b) in November 2007. Sixty species of

Elysia out of 339 nudibranch species
have been reported worldwide, of which
five species occur in the Indo-Pacific re-
gion'2. Three species found to be associ-
ated with mangrove habitats, and E.
bangtawaensis and E. cf. expansa have
been recorded®* from Asia, while E. aus-
tralis occurs in Australia®. Three species
of Elysia have been recorded in associa-
tion with green algal beds exclusively
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from the marine environment®®. Elysia
cf. expansa, however, has been reported*
in association with mangroves from the
east coast of India.

Eight stations (Figure 1) in mangrove
swamps along Mandovi estuary, covering

various salinity zones (euhaline, polyhaline
and mesohaline) were studied fortnightly
for distribution of Elysia. Samplings
were carried out at ebb during November
2007 to January 2008, for collection and
monitoring of aggregation of Elysia.

©

Figure 2. Elysia bangtawaensis from various habitats. a, E. bangtawaensis in seagrass beds
associated with mangroves from Goa, India b, Aggregation of E. bangtawaensis in mangrove
habitats of Goa. c, E. bangtawaensis from mangrove habitats of Thailand. d, E. bangtawaensis

from mangrove habitats of Goa, India.
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Quantification of Elysia population and
associated algae was done using quadrant
(size 25cm?) method. At each station,
ten quadrants were randomly placed to
evaluate density and percentage fre-
guency occurrence (% FO). Density (nos/
m?) and % FO data for three months
from station nos 5 to 8 were pooled and
expressed on average basis. The relevant
ecological data such as temperature (air,
water and substrate), salinity, pH, DO
(dissolved oxygen) from ambient envi-
ronment were obtained from existing lite-
rature> L. Specimens were preserved in
4% sea water—formal dehyde immediately
after collection. Surface sediments and
overlaying water from the vicinity of the
Elysia population were also collected and
preserved in Lugol’s solutions and 4%
formaldehyde. One millilitre of concen-
trated phytoplankton sample was ana-
lysed using Segwick rafter counting
chamber and the counts were averaged
and expressed as the number of cells/I.
Taxonomic identification of organisms
and associated flora was done using the
standard literature®*** and various rele-
vant websites™?.

E. chilkensis, E. grandifolia, E. rufen-
sens, E. tomentosa and E. cf. expansa
have already been recorded from Indian
waters. The Elysia described here was
relatively large (length 3540 mm and
width at centre 10-15mm) in size with
thin, flattened parapodia. Coloured spots
on the body and parapodia were similar
to that of E. bangtawaensis described
from mangrove habitats of Thailand®
(Table 1 and Figure 2 ¢ and d). Consider-
ing the close resemblance with various
features of E. bangtawaensis, i.e. habit
and habitat, climate and geographic dis-
tribution, the present organism was iden-
tified as E. bangtawaensis. This form has
aso been described from intertidal
swamps of Drainage creek, northern New
South Wales, Australia’®.

The aggregation of E. bangtawaensis
was found to be confined to the mid-
stream regions (station nos 5-8) of rela-
tively lower salinity. It was observed to
be totally absent from station nos 1 to 4
in the polyhaline zones. The population
density and % FO varied from 0 to 200
nosm? and 10 to 50% respectively, at
station nos 5-7, while they varied from
200 to 400 nos/m? and 70 to 90% respecti-
vely in station no. 8 (Table 2). The popu-
lation declined from mid-January 2008.

The present form of Elysia was con-
fined to the mid-reaches of estuarine
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Tablel. Comparative characters of Elysia bangtawaensis, Swennen from mangrove swamps of Thailand and Goa (India)

Characteristics

Thailand (Source: Swennen®)

Goa (India) (Present study)

Colour
Length (mm)
Central width (mm)

Number of brown-orange spots on the margin of parapodia
Number of white spots on body and parapodia

Dark green
35-43 mm

12-40
Numerous

Dark green
35-40 mm
10-15 mm
15-25

Numerous

Table2. Geographical correlation of sampling locations of ecological status of E. bangtawaensis and nature of associated habitat

Stations no. Latitude (N) Longitude (E) Occurrence of Elysia Density (nos. m2) % FO Habitat

1 15°30"38” 73°46'49.1” - 0 0 M, MS, A, P
2 15°30'19.6” 73°50'15.4” - 0 0 M, MS, A, S P
3 15°29'56.6” 73°50'18.1” - 0 0 M, MS, A, P
4 15°30'19.9” 73°52'42.2” - 0 0 M, MS, A, P
5 15°25'17.5” 73°54'36.2” + 0-10 10-50 M, MS, A, P
6 15°30'32.5” 73°54'44.3” + 0-50 10-50 M, MS, A, P
7 15°32'25” 73°53'55.8” + 0-200 10-60 M, MS A, S, P
8 15°32'46.1” 73°54'27.2" + 200400 70-90 M,MS A, S, P

M, Mangrove; MS, Mangrove substrate; A, Algae; S, Seagrass; P, Phytoplankton; % FO, Percentage of frequency occurrence; +, Present;

—, Absent.

Table 3. Phytoplankton population (nx 10° I™") from the ambience of E. bangtawaensis Swennen, Mandovi

estuary, Goa

Species Surface water sample Surface sediment sample Total Percentage (%)
Chaetoceros sp. 0.1 - 0.1 1.66
Gyrosigma balticum 0.1 04 0.5 8.34
Coscinodiscus sp. 0.3 0.2 0.5 8.34
C. eccentricus 0.4 0.1 0.5 8.34
Pleurosigma elongatum 0.1 0.8 0.9 15.00
P. angulatum - 0.1 0.1 1.66
Pleurosigma sp. 0.4 0.1 0.5 8.34
Rhizosolenia alata 0.1 0.2 0.3 5.00
Leptocylindrus danicus 0.1 - 0.1 1.66
Diploneis robustus - 0.4 0.4 6.66
D. smithii - 0.2 0.2 3.34
Amphora lineolata - 0.2 0.2 3.34
Pinnularia alpinia - 0.4 0.4 6.66
Pinnularia sp. 0.2 0.4 0.6 10.00
Cocconeis pediculus - 0.2 0.2 3.34
Cymbella marina - 0.4 0.4 6.66
Asterionella japonica - 0.1 0.1 1.66
Total 1.8 4.2 6 100

mangroves, either in association with algal
and seagrass beds and protected, shad-
owed water pools or waterlogged swamps,
from the mid and lower intertidal zones.
Meadows of Halophila beccarii Aschers
were found to be associated with mixed
algae dominated by Chaetomorpha linum,
Enteromorpha flexuosa, Rhizoclonium
riparium, Cladophora patentiramea,
Ulothrix sp., Oscillatoria sp., Lyngbya
martensiana, Phormidium tenue, Caten-
ella impudica, Caloglossa leprieurii,
Polysiphonia lanosa and Ceramium sp.
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The total phytoplankton cell count in sur-
face water from stations nos 5 to 8 was
found to be 1.8 x 10* 1%, while the same
was 4.2x 10* ™ in surface sediments.
Genera like Pleurosigma (25%), Cosci-
nodiscus (16.68%), Pinnularia (16.66%)
and Diploneis (10%) were predominant
(Table 3).

Occurrence and population outburst of
E. bangtawaensis during winter may be
attributed to relatively lower temperature
and salinity. The air, water and substrate
temperatures surrounding the aggrega-

tion varied from 21.5% to 33°C, 26.5%
t0 29.5°C and 26.2% to 29°C respectively.
Salinity of influencing waters at station
nos 58 remained in the range 10—
26 PSU, while at station nos 1-4 it usu-
ally remained higher due to the predomi-
nant tidal influence'®. The dominance of
Kandelia candel, Cyperaceae member,
Rhizoclonium raparium and Ulothrix sp.
from station nos 5 to 8 is suggestive of
more freshwater and less tidal influences,
thus lowering the salinity. Inhabitation of
E. bangtawaensis from the mid-reaches
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of the estuary and occurrence during
winter suggest its preference for relati-
vely lower temperature and salinity in
ambience.

Seagrass and algal biomass increase
with rising salinity and light intensity
from October to February®°. The phyto-
plankton population too remains rich
during the post-monsoon period due to
the nutrient enrichment during monsoon
and adequate light'®. The present data
reveal relatively more growth of algae,
seagrass and phytoplankton population in
the mangrove habitats from the mid
reaches (station nos 7 and 8) of the estu-
ary, where E. bangtawaensis aggregation
was more predominant. These species
commonly feed and are associated with
green and red algae and seagrass beds?%7.
Abundance of E. grandifolia has been
reported during winter, associated with
the richness of algal crop®. The richness
of E. bangtawaensis population from sta-
tion nos 7 and 8 could therefore be
attributed to the existance of algae and
seagrass beds. In the absence of algae the
organism prefers feeding on bacteria,
phytoplankton and cyanobacteria?. The
dark green colour of E. bangtawaensis
suggests its feeding preference for algae
having rich chlorophy!l a content”.

In conclusion, E. bangtawaensis has
been reported from India, contributing
towards biodiversity. Ecological obser-
vations revealed its exclusive association
to the mangrove swamp from the mid-
reaches of the Mandovi estuary. Pre-
dominant occurrence in the mesohaline

zone of the estuary indicates its prefer-
ence for lower salinity. The present find-
ings encourage further understanding
regarding ecological adaptation and bio-
technological potential of E. bangta-
waensis.
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Was Bundelkhand—Aravalli nucleus part of Ur supercontinent?

Although the origin and evolution of the
earliest crust is somewhat equivocal, the
discovery of ~4.4 Ga detrital zircons from
the Jack Hills of Narryer gneissic terrane,
Yilgarn craton, western Australia’, con-
firms the formation of continental crust
during this time. It is generally perceived
that the earliest crust formed at a number
of isolated nuclei which grew and later
coalesced to form protocontinents that
later developed to form major continental
masses. The major continental masses
collided and joined together to form super-
continents.

Ur is the earliest known superconti-
nent which was formed at ~3.0 Ga ago®.
It is believed that 3.0 Ga is the limit to
which the studies relating to continents
or supercontinents could be stretched.
Conventionally, the age of a continent is
deduced from the oldest rocks exposed in
that continent. However, Rogers® argued
that the age of the oldest rocks can only
be taken as the age of the continent, pro-
vided the oldest rocks attained stability
so that they could sustain a continent and
other rocks could settle on it. It is most
probable that many early formed rocks
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were reworked into the crust before at-
taining stability. These rocks can be con-
sidered transient crust and do not qualify
for the age determination of the conti-
nent.

The first continental assembly called
Ur, consisted of nuclei of cratonic blocks
of present-day Africa, Australia, Antarc-
tica and India. Nuclei of the Indian plate
that are grouped together in the Ur as-
sembly are the Western Dharwar craton,
Eastern Dharwar craton, Bhandara—Bastar
craton and Singhbhum craton® (Figure 1).
The Bundelkhand-Aravalli nucleusis not
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