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ing that is seen in these insects’. As the
insects were fed with sucrose mixed
with mass-multiplied fungus on the
natural medium, there is every chance
for the spore to be carried inside the
insect body by ingestion. Spread of
infection might be via proctodeal tro-
phallaxis and faeces to other members
of the population®®. Twenty-four hours
after treatment, the spores were found
to invade the haemocoel and the fungus
was re-isolated from the hindgut®. The
mechanism for killing the termites in
the present study, appears to be initiated
by cuticular infection and further spread
of inoculum by ingestion. The isolates
used in the present study were collected
from the agricultural fields of different
districts in Andhra Pradesh during the
35+ 2°C temperature periods. Mass
production on cheap agricultural wastes
can easily be undertaken by the enthusi-
astic farmers themselves, if they are
provided with inoculum. Fungal patho-
gens offer great promise for biological
control of soil-inhabiting insects', be-
cause desiccation of fungal spore and
their destruction by UV irradiation and
temperature extremes are mitigated in
the soil matrix. Mortality rate of 65%
and 52% recorded in 4-23 and 4-10
isolates of B. bassiana respectively, is

an emphatic indication for their effec-
tive use as bioinsecticide in a termite
control programme. The warm, humid
and densely populated termite nests are
ideal for growth and persistence of the
biocontrol agent for a longer time after
application.
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M onsoon onset-2000 monitored using multi-frequency
microwave radiometer on-board Oceansat-1

The south-west monsoon is an impor-
tant atmospheric circulation which af-
fects the Indian subcontinent. The ocean
interacts with the atmosphere through
exchange of moisture, momentum and
heat, which in turn drives the ocean
current and modifies the atmospheric
circulation. These exchanges play an
important role in the organization of
various tropical systems like depres-
sions, cyclones, etc. and their precise
knowledge in tropical areas is an ex-
tremely important input to ocean
and atmospheric models. The atmos-
pheric water vapour profile is the most
significant manifestation of these ex-
changes.

In the past, several studies have been
made to explain different aspects of

monsoon circulation. The observational®
and theoretical attempts®® to understand
the advancement of monsoon from the
equatorial Indian Ocean to the main
continent, deserve special mention.

The onset of monsoon in meteoro-
logical parlance has been associated
with the heralding of monsoonal rains
over the Kerala coast of the Indian
mainland®. The onset dates varied from
11 May in 1918 to 18 June in 1972. The
average onset date is 1 June, with a
standard deviation of eight days. Mon-
soon affects not only rainfall but also
tropospheric wind, humidity and tem-
perature fields. Satellite images also
show signatures of monsoon onset.
There have been earlier attempts to
correlate the onset date with antecedent
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upper air circulation® and thermal fea-
tures®.

W

Figure 1. Various segments over the
Indian Ocean — Monsoon onset.
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Figure 2. MSMR-derived wind speed and water vapour for three different stages, viz. Pre-monsoon, just prior to
monsoon onset and after monsoon onset.
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Table 1. Operational parameters from MSMR
Expected
Parameter Channel (GHz) Grid size (km)  Range accuracy
Total water vapour 21+ 18,10 50 0.2-7.5 g/lem? 0.3 glem?
Sea surface wind speed 10+6, 18, 21 75 2-24 m/s 1.5m/s
Sea surface temperature 6 + 10, 18, 21 150 273-303 K 15K
Cloud liquid water 21+ 18,10 50 0-80 mg/cm? -
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Figure 3. Time series of MSMR-derived a, water vapour; and b, see surface wind speed, over

various segments in Indian Ocean.

In bringing the monsoonal rains over
India, the cross equatorial flow of mois-
ture and wind as well as the evaporation
over the north Indian Ocean and adjoin-
ing seas are known to be equally impor-
tant”®. The kinetic energy shows an

increase by an order of magnitude just
prior to the onset of monsoon rains over
India’.

The total water vapour (TWV) plays
an important role in the summer mon-
soon circulation/activity over the Indian
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Ocean, as its availability and transport into
the Arabian Sea affects the summer mon-
soon rainfall, which is generally 60-80%
of the annual rainfall in most of the mete-
orological subdivisions. Simon et al. X%
have studied the moisture variation and
evaporation over the seas adjoining India
as avalable from NOAA/TOVS, satellite
data. The study by Joshi et al.° using data
from the NOAA polar orbiting satellites
showed that prior to onset of monsoon,
tropospheric temperature increases, the
maximum change being around 300 hPa,
over the Tibetan Plateau region. Simon
and Joshi? studied the changes in mid-
tropospheric water vapour from NOAA/
TOVS for seven years over various
regions of the Indian Ocean, Bay of
Bengal and Arabian Sea. It was found
that the mid-tropospheric water vapour
content (700-500 hPa) increased by
25% over western Arabian Sea, eight to
ten days before the onset of monsoon.
The middle level moisture reaches its
peak about 8-10 days before the onset
of monsoon. In an earlier study of the
TWV variation over western Arabian
Sea measured using Special Sensor
Imager (SSM/I), it was found to in-
crease significantly about 3 weeks be-
fore the onset of monsoon. This was a
limited study for only two years and
data of a few more years have to be
analysed for a more precise understand-
ing.

The TWV content and surface wind
speeds over the Indian Ocean, which are
important parameters related to mon-
soon onset, were monitored from 15
April 2000 onwards, using Oceansat-1.
Maps for these parameters were pre-
pared covering the geographical domain
of 40°E to 100°E and 25°N to 30°S.
Water vapour and wind speed were also
averaged over selected regions covering
the Indian Ocean and Arabian Sea (Fig-
ure 1). They are marked as western
Arabian Sea (WAS), western Indian
Ocean (WIO) and south-west Indian
Ocean (SWIO). Since multi-frequency
scanning microwave radiometer
(MSMR) on-board Oceansat-1 can
cover the whole of the Indian Ocean
region in 2 days, a moving average of
two days was adopted.

MSMR is an eight-band (four fre-
guency in dual polarizations), passive
microwave radiometer with a conical
scan mechanism. The frequency combi-
nations of MSMR, i.e. 6.6, 10.6, 18 and
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Figure 4. Time series of MSMR-derived sea surface wind speed over a, 7°N, 69°E and b,
9°N, 67°E.

21 GHz, facilitated generation of geo-
physical parameters — TWV in the ma-
rine atmosphere, sea surface wind
speed, sea surface temperature and total
cloud liquid water, as shown in Table 1.
The first version of data product soft-
ware for both the brightness tempera-
ture data as well as the geophysical
parameters mentioned above, were de-
veloped by the Oceansat-1 Data Prod-
ucts Project team at the Space
Applications Centre (SAC), Indian
Space Research Organization (ISRO),
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Ahmedabad, including the geophysical
retrieval  algorithm software’®. The
MSMR data are available in three grid
sizes as shown in Table 1.

The first seventy days (viz. 15 June to
23 August 1999) of MSMR, geophysi-
cal parameters underwent validation
through comparison exercises with in
situ, concurrent satellite and numerical
model analyses. The results revealed
that total atmospheric water vapour and
surface wind speed as derived by
MSMR are fairly accurate® and accept-

able for the use in applications. It was
therefore recommended that MSMR-
derived parameters be used in monitor-
ing monsoon onset of the year 2000 in
real time.

As the monsoon progresses towards
the Indian subcontinent, the area of
maximum moisture content and wind
speed moves northwards as revealed by
images seen on a weekly basis (Figure
2). There was a sharp increase in water
vapour over western Indian Ocean,
about 3 weeks before the onset of mon-
soon (Figure 3a). The MSMR-derived
TWV increased by 20% (4.5 g/cm? to
5.6 g/lcm?) from 5 May 2000 over WAS
region within a span of four days (Fig-
ure 3a). Though the monsoon onset was
on 1 June 2000, pre-monsoonal showers
began from 27 May 2000 onwards.
Along with the onset of monsoon over
the Kerala coast, an increase in mois-
ture was observed over the Bay of Ben-
gal and Arabian Sea for a considerable
period of time, during which there was
good rainfall activity over peninsular
India.

The wind speed increased to 10—
13 m/s over the WAS region from 6 to
8 m/s (Figure 3b) prior to the onset of
monsoon. This parameter is useful for
characterizing onset, but seems to have
less predictive value. The wind speed
increase over WIO and SWIO was not
as strong as that over WAS.

Bhatia et al.’®, in their study with
SSM/I data for the period 17 June 1999
to 14 July 1999 noticed that when TWV
over the Arabian Sea, off the west coast
of India, was 7 g/cm2 or more and was
accompanied by strong surface wind
gradients, it led to the convergence of
moisture near the west coast and heavy
to very heavy rainfall occurred over the
west coast and its neighbourhood during
the next 24 h or so. When TWV was
less then 6 g/lcm? and was also accom-
panied by weak low-level wind gradi-
ents, the chances of heavy rainfall were
less.

A time series plot of wind speed at
two specific locations in the Arabian
Sea, i.e. 7°N, 69°E (Figure 4a) and
9°N, 67°E (Figure 4b) has shown that
two distinct surges of high wind speed
have come on 15 May 2000 and 1 June
2000, after which there was increase in
rainfall activity, particularly over the
west coast of India. The first surge was
of a short duration, since high wind
speeds were not sustained for a long
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time after that, though there were daily
fluctuations. However, the second surge
on 1 June 2000 was of prolonged dura-
tion and high wind speeds were sus-
tained for a longer time. Two heavy
rainfall events, one over Mumbai on
17-18 May 2000 and the other over
Karnataka coast on 6—7 June 2000 were
observed. In both these events strong
moisture convergence was observed, 1—
2 days before heavy rainfall.
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A noteon the plankton from Barren Island region, Andamans

Barren Island, located 75 nautical miles
north-east of Port Blair in the Andaman
Sea, is the only active volcanic island in
India (Figure 1). A general description
of the Barren Island region by Boden®,
dates back to 1902. Until now, only two
scientific investigations have been made
in and near this volcanic island. Rao
and coworkers’ gave a preliminary ac-
count of the fauna and flora found in the
island. A subsequent report by Mustafa®
dealt with the general physicochemical
characteristics of near-shore waters at a
time when the volcano last erupted in
1991. During intense volcanic activity,
the author noticed regions of low pH
and high temperature in some shallow
water columns in the immediate vicinity
of the land mass.

This paper presents the results of
surface-water plankton studies in the
Barren Island region. These results re-
late to the cruise by MV Bhikaiji Cama
during 11-12 November 2000.

Sampling was performed on 12 No-
vember 2000 from a smaller vessel de-
ployed at N 12°17®12; E 93°591062,

roughly 0.5 km from the western shore-
line of Barren Island. Physicochemical
characteristics of surface sea water were
measured using standard methods®.
Plankton samples were taken using
Heron-type nets (mouth area 0.197 m?)
that used 65 and 350 mm mesh types for
phyto and zoo portions, respectively.
Nets were towed for 10 min in a sea-
ward direction. Additionally, three 1-
litre water samples were taken and
treated with Lugol’'s solution. These
samples were used for the estimation of
phytoplankton density in accordance
with the settlement procedure. Net
plankton samples were preserved in 2 to
5% formalin buffered with borax. Zoo-
plankton was in addition frozen with no
formaldehyde treatment.

From 10.05 am until noon, surface
water temperature varied between 29.1
and 29.5°C. Water pH was consistently
about 8.1, while oxygen and salinity
values were 5.7 mg | and 34.1"° 1075,
respectively. Transparency was pro-
foundly high in the region around Bar-
ren Island. In three measurements made
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at water depths 12, 25 and 150 m, Sechi
readings were 12, 25 and 42.

Phytoplankton data in Table 1 ad-
dress numerical abundance as well as
per cent composition details. Phyto-
plankton density was extremely low and
cell numbers in the three surface-water
samples were fewer than 10?17, The
listing presents 38 species altogether,
comprising of 20 diatoms, 17 dinoflag-
ellates and a blue-green alga, Tricho-
desmium  erythraeum. Per  cent
composition data show obvious preva-
lence of dinoflagellates and T. eryth-
raeum over diatoms, consistent with the
propensity of Andaman waters’. Nota-
bly, as many as 12 species of Peridinia-
les were represented in the present
samples, of which 8 belonged to the
genus Ceratium.

As seen from Table 2, foraminiferans,
radiolarians and sponge larvae contrib-
uted to a large portion of the zooplank-
ton. This pattern is in good agreement
with the observations by Sorokin et al 8
who recorded high to very high percent-
age of protozoans in zooplankton taken

651



