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Abstract 
Mudbank is a unique phenomenon observed along the south-west coast of India among all the Indian coastal regions during 
the Southwest Monsoon Season. The scientific reasons behind the formation and its persistence are vague. Mudbank is 
considered as a boon to the fishermen of Kerala, as they are getting reasonable catches during the occurrence of mudbanks 
using indigenous boats from the calm sea, which otherwise is in a fury during the rough Southwest Monsoon Season. Since 
the region, the Arabian Sea, is significant as a carbon sink due to its very high productivity because of different coastal 
ocean features, variations in the smaller and highly restricted coastal processes due to climate change can have a significant 
impact on the rates of global warming. Here, we consolidate the previous publications on various aspects of mudbanks with 
the reports of the occurrence of mudbanks on the south-west coast of India. A model for the prediction of the formation 
and location of mudbanks, inclusive of all the intrinsic and extrinsic parameters involved, through an extensive study is 
much relevant as far as the socio-economic and food security significance is concerned.  Here, we discuss the most conducive 
factors for the formation of mudbank and its characteristics with special reference to Alappuzha, where the frequency of 
occurrence of mudbanks is maximum among the Indian coastal regions.
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Introduction
The mudbanks of Kerala generally occur, during the Southwest 
Monsoon Season, from Vizhinjam to Kannur. Their frequency is 
more in Alappuzha on the south-west coast of India. A semi-cir-
cular region of suspended sediments with calm and turbid water 
forms during this phenomenon, whereas the surrounding areas 
are very rough with intense wave activity. They cover a width of 
around 4 to 5 km and a length of about 4 to 8 km. The shape of the 
region covering mudbanks is shown in Fig.1. Mostly the length 
of the region is alongshore, but sometimes it is towards offshore.  
The fine suspended sediments dampen the wave activity so that 
the area appears calm.  In regional language, this phenomenon is 
known as Chakara.  Schools of fish accumulate here and fishers 
get a very good catch. Mudbank is considered as a boon to the 
fishers of Kerala as bounds of prawns, sardines, mackerel, soles, 
etc. aggregate in this region and fishers can use indigenous vessels 
for fishing, as the area is calm.

Figure 1: Shapes of the mudbank region. 

Mudbank Region
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Mudbanks along the Kerala coast were first mentioned in 1678 
in Pinkerton’s ‘Collection of Voyages and Travels’ appeared in 
the ‘Administrative Report of 1860 of Travancore’. [1] coined the 
term ‘Mud Bay’ to denote Alappuzha mudbank in his book ‘A new 
history of East India.’ The first explanation for mudbanks was giv-
en by [2]. According to him, the hydraulic pressure caused by the 
higher level of backwaters (about 4 feet) than sea level, during 
monsoon, creates a mudbank. Nevertheless, a report on the mud-
bank of Njarackal, Kochi by [3] suggests that the pressure (2 lbs/
sq. inch) created by even a rise of 5 feet of backwater is not enough 
to push the mud to the coast.  In addition, the consistency of mud 
in the mudbank is different from that in the adjoining Vembanad 
Estuary, as the sediments of the estuary have a high percentage 
of carbon and vegetable debris. Later ‘mud volcanoes’ or ‘mud 
cones’ were observed by many at Alappuzha [4, 5]. After 1973, the 
development of mudbanks in the south-west coast of India did not 
favour much in the fishing activity along the coast [6]. In his re-
view, he discussed different factors that could affect the formation 
of mudbanks and identified the areas of research to be included in 
future investigations on mudbanks.

Being land-locked, the Northern Indian Ocean is one of the warm-
est areas of the global oceans during the pre-monsoon season 
(March to May). Any moderate fluctuations in SST will result in 
a considerable variation in the Indian Summer Monsoon (ISM). 
One of the most influencing factors that decide the ISM is the dif-
ferential heating of land and water. As a result, a reversal of wind 
direction occurs over India and the adjoining seas between South-

west and Northeast Monsoon Seasons. During Summer Monsoon 
Season, the Southeast Trade Winds from the southern hemisphere 
after crossing the equator turns to Southwesterly.  With the on-
set of monsoon, this cross-equatorial flow intensifies and forms a 
low-level jet across the Somali coast and westerly zonal flow over 
the equatorial Indian Ocean. Off the west coast of India, the direc-
tion of the winds vary from rough west-southwest in the north to 
approximate west-northwest in the south during Southwest Mon-
soon Season [7]. At the southernmost portion of the west coast 
of India upwelling and equatorward flow near the surface and a 
poleward undercurrent occur due to the equatorward alongshore 
component of wind, which is the maximum at this portion of the 
west coast than in any other portion of the coast of India [8]. Also, 
the longshore component of the wind stress controls upwelling 
along the coast. The intensity of coastal upwelling is directly relat-
ed to the strength of monsoons, and more vigorous upwelling leads 
to significant surface cooling, shallower thermoclines, and deeper 
mixed layers [9]. Since upwelling is more vigorous at the south-
west coast of India and the occurrence of mudbanks are frequent 
in this region a review of the earlier research on these phenomena, 
highlighting the peculiarities of mudbanks and their influence on 
the bio-productivity of this region are significant.

Location of Mudbanks
The time and location of mudbanks observed along the Kerala 
coast for the period 1990 to 2019 are summarised in Table 1. Most 
of the time, mudbanks are observed during the Southwest Mon-
soon Season between the latitudes 9 and 100 N.

Table 1: Time and location of occurrence of the Mudbanks along the southwest coast of India for the period 1990 to 2019. They 
are frequent during SW Monsoon Season, between the latitudes 9°N and 10°N (Source: Archives of the local vernacular daily 
Malayala Manorama).

Date Place Location
07-06-1990 Vizhinjam 8.390 N, 77.010 E
12-07-1992 Chethy 09.620 N,76.290 E
03-06-1994 Cherthala 09.700 N,76.310 E
19-06-1995 Ambalapuzha 09.380 N, 76.350 E
28-07-1996 Purakkad 9.350 N, 76.360 E
15-05-1997 Chavakkad 10.530 N, 76.050 E
24-06-1998 Chennaveli 09.640 N, 76.280 E
09-07-1998 Puthiyappa 11.310 N, 75.740 E
03-08-1998 Beypore 11.180 N, 75.810 E
30-05-1999 Vizhinjam 8.390 N, 77.010 E
22-09-1999 Poonthura 08.440 N, 76.940 E
13-03-2000 Punthala 9.230 N, 76.640 E
18-08-2000 Palapetty 10.370 N, 76.120 E
19-08-2000 Azhikode 11.910 N, 75.310 E
31-08-2000 Vambaloor 10.260 N, 76.140 E
11-09-2000 Fort Kochi 9.960 N, 76.240 E



Figure 2: Location of mudbank formation along the Kerala coast 
during the period 1990 – 2019.  52.63% of the occurrence of mud-

banks is between 9 and 100 N. 31.58% of occurrence is north of 100 
N and 15.79% occur south of 90 N.

Factors affecting mudbank formation
The main components of mud in the mudbank region are clay 
and silt-sized particles with small quantities of very fine sand and 
organic matter. Sediments having a size greater than 62 µm are 
classified as coarse-grained and lesser than that, fine-grained. The 
coarser particles of silt, sand, and gravel are generally rounded and 
are transported as individual particles.  The clay particles are plate-
like with a diameter of less than 4 µm. Because of the ionic charge 
of the clay particles, they interact electrostatically and stick togeth-
er. This cohesive force increases with an increase in the fraction of 
clay in sediments and becomes significant when the sediment con-
tains more than 5-10% clay by weight [10]. The sediment density 
in the Alappuzha mudbank region varied from 1080 to 1300 kg/m3 
with suspended particle size ranging between 0.5 and 3μm [11].

Various Different hypotheses are observed for the formation of 
mudbanks, like the Subterranean Passage hypothesis, Hypothesis 
of a water-bearing stratum, River deposition hypothesis, and the 
Upwelling hypothesis [12]. In northern parts of Kerala, mudbanks 
predominantly form by river discharge, whereas near Alappuzha, 
subterranean mud is the principal source of mudbank [6]. (Fig. 3). 
Reports of ‘mud cones,’ or ‘mud volcanoes,’ of Alappuzha existed 
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22-06-2001 Kaipamangalam 10.310 N, 76.130 E
24-06-2001 Moonupeedika 10.310 N, 76.130 E
26-06-2001 Valappad 10.390 N, 76.090 E
26-06-2001 Perinjanam 10.310 N, 76.130 E
26-05-2004 Vizhinjam 8.390 N, 77.010 E
09-07-2005 Thrikkunnapuzha 9.280 N, 76.300 E
24-05-2013 Kochi 9.930 N, 76.260 E
13-06-2014 Punnapra 9.440 N, 76.340 E
16-06-2014 Punnapra 9.440 N, 76.340 E
30-06-2014 Chellanam 9.830 N, 76.270 E
04-08-2014 Elankunnapuzha 10.020 N, 76.220 E
03-07-2015 Purakkad 9.350 N, 76.360 E
09-09-2015 Punnapra 9.440 N, 76.340 E
20-07-2016 Anthakaranazhi 9.700 N, 76.410 E
20-07-2016 Manasserry 9.920 N, 76.250 E
23-07-2016 Alapuzha 9.490 N, 76.330 E
17-08-2016 Vizhinjam 8.390 N, 77.010 E
20-08-2016 Alappuzha 9.490 N, 76.330 E
12-07-2017 Chellanam 9.830 N, 76.270 E
15-07-2017 Cheruvathur 12.210 N, 75.160 E
18-01-2018 Kanjiramkulam 8.360 N, 77.050 E
06-12-2019 Fort Kochi 9.960 N, 76.240 E



as early as 1855.  This phenomenon, infers that there exists a stock 
of subterranean mud at Alappuzha, which may be the source of 
clay for the Alappuzha mudbank.  Since after 1903, there were no 
records of significant mud cones in this region; their role in the for-
mation of mudbanks was not significant.  However, in 1972, again, 
mud cones were noticed near Ambalapuzha [12]. In his book ‘His-
tory of Malabar Mudbanks’, founder of the Cochin Harbour, made 
an organised attempt to study the mudbanks [13]. He explains the 
origin, formation, and other features of the mudbanks in this book.

Figure 3: Location and types of mudbanks along the Kerala coast.  
In northern parts of Kerala mudbanks are predominantly formed 
by river discharge, whereas near Alappuzha, subterranean mud is 
the main source of mudbanks (Source: Silas, 1984).

Even though different hypotheses may occur for the formation 
of mudbanks, for Alappuzha where the phenomenon is most fre-
quent, the subterranean hypothesis seems to be more applicable. 
In addition, observations regarding other hypotheses are sparse. 
The presence of excess nutrients and low salinity in the south-west 
coastal waters of India is generally associated with its proximity to 
a river or estuarine discharge. The absence of any rivers in Alap-
puzha and other alternate hypotheses for the formation of mud-
banks such as wave convergence, littoral currents, rip currents, etc. 
could not explain its recurrence at this specific location as those 
oceanographic processes occur all along the west coast of India 
and mudbanks are not formed at all those locations. Hence, the 
plausible reasons for the recurrence of mudbanks near Alappuzha 
are the subterranean flow from the nearby Vembanad Estuary to 
the sea, active trending faults, and submerged coral bed [14]. In-
vestigations by [15] suggest that the present form of Vembanad 
Estuary evolved from an embayment of the Arabian Sea that oc-
curred before the Holocene. Climate change and anthropogenic 
activities along with natural events caused sedimentological and 
geomorphological features, which transformed the bay into sand 
barrier spits and later the present form of the partially closed es-

tuary. Field experiments using Ground Penetrating Radar (GPR) 
observations, to generate subsurface information to locate buried 
paleochannels in the coastal zone of Alappuzha, also agreed with 
the subterranean hypothesis for the formation of mudbanks in this 
region. These channels may act as the routes for the transport of 
mud from terrestrial sources to the sea. On observing the historical 
maps of India, the present-day Vembanad Estuary was a part of the 
near shore area, and the coastline was nearly 60 km inside. The 
present-day landforms were created as a result of the earlier river 
channels from the Western Ghats got buried under recent sand. 
Observations using GPR during the pre-monsoon and the mon-
soon seasons indicated a high degree of wetness characteristics in 
these buried channels during the monsoon season. These buried 
channels could be the possible passage for water with fine clay 
particles to the sea [16]. This inference seems to be a more logical 
reason for the formation of frequent mudbanks in Alappuzha. The 
location of the Vembanad Estuary is shown in Fig. 4. The estuary 
is divided into two parts by constructing the Thanneermukkam 
bund as a barrier to the intrusion of tidal water, which became 
active in 1976.  Nowadays this estuary is also termed as Vembanad 
Lake. Even though [14] and [16] agree in the Subterranean Hy-
pothesis for the formation of Alappuzha mudbank, studies using 
sediment samples collected from the Alappuzha mudbank region 
by [17] show that the observed low salinity in the region which 
initiates mudbank formation is due to the presence of highly turbid 
fluid mud and not because of freshwater influence. Even though 
decreased salinity is a favourable condition for the formation and 
maintenance of mudbanks, there could be other reasons also which 
initiate mudbank formation. [2] and [3] also disagree with the sub-
terranean hypothesis for the formation of Alappuzha mudbanks.

Figure 4: Location of Vembanad Estuary near the coastal area of 
Alappuzha, in the southwest coast of India.
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Many studies occurred on the variations in physical and chemi-
cal parameters of the water during the formation of mudbank [18, 
12, 19, 20]. For the formation of mudbanks, the mud of the right 
texture must get consolidate at the proper depth where wave ac-
tion could churn it up into a thick suspension [21]. In addition, the 
southerly current can drive the entire floating mass to the south, or 
when strong swells approach from the south, the whole or part of 
the mass can move towards the north. The movement of fluid mud 
can result from the forcing of alongshore, coastal or tidal currents. 
Since Alappuzha is a wave-dominated and inlet-free coast, the 
tidal effects are negligible in the transportation of sediments. The 
movement can probably be due to the stress applied by the prevail-
ing currents. The migratory mudbank causes sediment accretion 
and erosion along the beach to the north and erosion to the south 
of the mudbank zone during the Monsoon Season. The mudbank 
near Alappuzha Pier had moved slowly southward (about 10km in 
35 years) until 1895, whereas afterwards, the movement was rapid 
(about 10km every year). This mudbank that moved about 40km 
southward disappeared in 1902. A new mudbank appeared in 1925 
north of Alappuzha, which also moved southward and remained 
at about 13km south of Alappuzha Pier in 1972. The migratory 
behaviour of mudbanks was reported by many [3, 22,23,21,24,25]. 
The evolution and dissipation of mudbanks occur due to many rea-
sons as currents, storms, shear stresses, river discharge etc. [26, 27, 
11, 28,]. The area of the Ambalapuzha mudbank of Kerala on the 
south-west coast of India increases from pre-monsoon to monsoon 
season [29]. 

By magnetically tracking the physical and sedimentary process-
es like entrainment, transport, sorting, settling, and enrichment of 
mud, associated with the formation of mudbanks, grain size-selec-
tive entrainment is the dominant process during the pre-monsoon, 
while during the monsoon season, wave-induced energetic bottom 
currents enhance the suspension of entire sediment bed load to 
form fluid mud [30]. In another study also the influence of wave 
action was observed. The wave-mud interaction process induces 
an oscillatory motion of the surficial mud layer, which thereby af-
fects benthic processes related to bottom stability and nutrient and 
contaminant fluxes across the mud water interface [31]. 

In situ observations of mudbanks of Alappuzha and mapping of its 
extent during the monsoon season in 2016 was done by measuring 
suspended sediment concentrations using the Laser interferome-
try instrument (LISST 100X) [32]. The periphery of the mudbank 
demarcated based on the variations in the concentration and the 
particle sizes.  Even though the spatial distribution of sediment 
concentration is presented diagrammatically, the exact area of 
coverage of the mudbank is not mentioned. Meteorological factors 
have a strong influence on the formation of mudbanks, along with 
other factors. During the formation of mudbanks the location of 
the prominent monsoon organised convection is observed near the 
equatorial region. At this time, the low-level wind along the south-
west coast of India is parallel to the coast, towards the south and 
upwelling occurs near the coast.  Because of this, an increase in 
chlorophyll concentration and total chlorophyll is observed near 
the south-west coast of India [33]. 

The mudbanks of Kerala have different causes of origin, in which 
river discharge, subterranean, coastal mud, dredged mud, etc. con-

tribute to the formation.  However, Amazon mudbanks are of estu-
arine origin. The size of mud flocs observed in the mudbanks along 
the Kerala coast is < 62.5 µm, while in the Amazon, the size of 
floc is approximately 400 µm. In the Gulf of Papua, the suspended 
sediments have a floc size of < 20 µm and these flocs can be trans-
ported to considerable distances [34]. Mudbanks of the southwest 
coast of India is rather small with 4 to 5 km width and 4 to 8 km 
length, whereas in the world’s muddiest coastline of South Amer-
ica between the Amazon and the Orinoco river mouths have more 
than 15 large permanent mudbanks having a width of 20-30km 
and length of 10-60km. Many authors discuss different hypotheses 
for the formation of mudbanks. Even though the exact reason for 
the recurrent mudbanks in the southwest coast of India is unclear, 
some kind of bottom phenomenon triggers the process of perturba-
tion of the sediment, which needs a precise investigation.

Persistence and dissipation of Mudbanks
Salinity is one of the factors that determine the persistence and 
dissipation of mudbanks.  The lowering of salinity due to the in-
troduction of freshwater during the south-west monsoon season 
keeps the mud suspension in the water column for a longer dura-
tion, helping the formation and persistence of mudbanks. The in-
crease in salinity of water during the post-monsoon months causes 
the flocculation and settling of sediments, which results in the dis-
appearance of mudbank [23]. This fact was proved by the studies 
of [14]. In his experiments using water samples of different salin-
ity, the settling time of mud increased as the salinity decreased.

The influence of wave activity on mudbanks was investigated by 
many and all the studies conclude the dampening of waves in the 
mudbank region [21, 35-39]. These studies showed significant dif-
ferences in hydrodynamic characteristics during the monsoon and 
non-monsoon periods. Wave simulations and observations across 
the muddy Louisiana continental shelf to find the dissipation rate 
with depth and frequency showed the dampening of waves in the 
shallow waters of the south-west coast of India could be the rea-
son for the enhanced fishing activity there [40]. Using wave data 
collected from two depths, 15m and 7m, before and after the for-
mation of the mudbank of Alappuzha, the wave energy dissipa-
tion was determined using WAVEWATCH III (WW3) model.  The 
model well represented the wave heights in the mudbank region 
and their general characteristics. It was observed that mudbanks 
exist even beyond a depth of 15m [41]. From the views of different 
authors, salinity, waves, currents, and variations in the hydraulic 
pressure influence the persistence and dissipation of mudbanks.  

The physical processes of the beach-nearshore system help to 
understand the coastal processes, which in turn facilitate coastal 
planning and management.  Shoreline changes (erosion/accretion) 
are highly influenced by the interplay between sediment supply 
and hydrodynamic forcing. Hydrodynamic studies of the south-
west coast of India showed that waves and wave-induced littoral 
processes are the dominant driving forces in the coastal processes 
[42]. The effects of mudbanks on shoreline stability were investi-
gated by many [43-46]. Studies of shoreline change along the Ker-
ala coast, south-west coast of India, using geo-spatial techniques 
and field measurement showed that 45% of the coast is eroding, 
and 34% of the coast is in stable condition, and 21% of the coast 
is accreting [47]. Migration of mudbanks and its impact on shore-
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line changes observed at many locations. Mudbanks of Alappuzha 
showed different migration rates at different times ranging from 
0.3 km/year to 10 km/year.  Studies on the sediment dynamics of 
the Amazon River mouth to the Cape showed a migration rate of 
5km/year for the mudbanks in this region [48]. Because of the mi-
gration of the mudbanks, wave activity and other coastal processes, 
the shorelines modified considerably and lead to the development 
of a characteristic muddy clinoform off the mouth of the Amazon 
River. Also, muddy coastal progradation incorporating Chenier 
sands form over more than 1500 km of the coast, northwest of the 
Amazon. Studies along the Kerala coast showed that the location 
of the mudbank area shifted from north to south and the northern 
side of the mudbank was accreting and the southern side eroding.

Biogeochemical processes in Mudbanks
Here, we summarize different studies on the estimation of the 
components of mudbanks and their variations. Intensification 
of hypoxia in coastal waters due to strong upwelling is of great 
importance as it could affect ocean nutrient cycles and the marine 
habitat, with potentially detrimental consequences for fisheries 
and coastal economies. Upwelling induced mudbank region 
generally augment the bio-productivity of the region by increasing 
the nutrient supply but it can also diminish at certain places. The 
upwelling induced hypoxic conditions in mudbank regions were 
studied by many, and these hypoxic conditions induced significant 
changes in the presence of the elements as carbon, phosphorus, 
iron, and manganese [49-51]. Fig 5 shows the seasonal variations 
in temperature, salinity and dissolved oxygen in madbank region 
of Alappuzha [52]. Results show the variations of the above 
parameters based on observations at three locations – (1) mudbank 
region (M2), (2) alongshore non-mudbank region (M1) and (3) 
offshore non-mudbank region (M3).  During June to August, due 
to coastal upwelling, the temperature in the study area decreased 
from 30-32 °C to 23-26 °C . Salinity did not vary much but dissolved 
oxygen levels at M3 showed a sharp decrease during the monsoon 
season reflecting upwelling-induced hypoxia while at M1 & M2 
there was intermittent variation.

Figure 5: Seasonal variations in temperature, salinity and dis-
solved oxygen in the madbank region of Alappuzha (Source: 
Mathew et al., 2020).

[53] showed differences in primary productivity between the 
Northeast and Southwest Monsoon periods, and the phytoplank-
ton in the main upwelling areas was only severely nutrient-limited 

during the spring inter monsoon period. The predicted particle flux 
from the euphotic zone and the primary production showed poor 
correlation. Hydrographic studies of the Purakkad mudbank region 
showed comparatively low surface and mid-depth salinity during 
the south-west monsoon season than that of the surrounding areas 
[54]. Even though it is believed that upwelling brings nutrient-rich 
subsurface water to the surface, plant pigments and carbohydrates 
occur in very low concentrations in the mud from the mudbank of 
the south-west coast of India, and the caloric value of the mud is 
also low, indicating that the mud is of poor nutritional value.   The 
migration of fish and prawns towards the mudbank is probably a 
result of physical processes operating in the sea when the mudbank 
becomes active [55]. Time-series measurements for a period of 
18-weeks (22 April to 20 September 2014) off Alappuzha during 
the south-west monsoon season showed that the upwelling signals 
observed from the 2nd week of May onwards intensified from the 
1st week of June, reaching a peak on 14 June and continued till the 
end of September. The intensity of upwelling and hypoxia along 
the south-west coast of India was well propagated to very shallow 
depths (< 3 m) in the mudbanks leading to water column denitrifi-
cation. This variation in ocean processes explains why mudbanks 
are not always good fishing grounds [56]. [57] agree that in cer-
tain cases, the presence of mudbanks adversely affects productiv-
ity by prompting denitrification. Sedimentological aspects of mud 
suspension off Quilandi, Kozhikode, India by analysing different 
parameters as sediment discharge, salinity gradient, suspensate 
concentration, rainfall, wave, wind and current patterns revealed 
the influence of upwelling on coastal productivity.  

Even though certain studies showed denitrification induced by up-
welling other studies indicate an increased bio-productivity due to 
upwelling.  The presence of the exceptionally high phytoplank-
ton stock in an area is due to the persistence of upwelled water 
throughout the south-west monsoon season. In most of the stud-
ies on the entire west coast, the Southwest Monsoon period is the 
most productive time because of the proportionate availability and 
replenishment of nutrients [27, 21, 58, 59]. Also, except at points 
close to the sea bottom, the turbidity level in the Alappuzha Mud-
bank was below the critical level to inhibit the plankton stock [60]. 
The research output in sediment dynamics, biogeochemical pro-
cesses like sulfate reduction/nitrogen cycle and metal enrichment/
contamination in the coastal sediments in three distinct deposition-
al milieus like estuaries, mangroves, and mudbanks in India were 
reviewed by and found these regimes as highly productive [61].  

Another study using multiple regression models off Kochi re-
vealed that chlorophyll production depends not only on nutrients, 
but also on their physiological regulations like responses to nu-
trients, pH, temperature and salinity. As the computed and mea-
sured chlorophyll-a values are in good agreement, the step-up 
multiple regression model can be applied for the coastal waters 
to understand the influence of environmental variables on the pro-
duction of phytoplankton [62]. Carbon-based ocean productivity 
and phytoplankton physiology were investigated by using satellite 
data [63]. Analysis of satellite ocean colour observations of phy-
toplankton carbon (C) and chlorophyll (Chl) biomass showed, the 
Chl: C ratios closely follow anticipated physiological dependen-
cies on light, nutrients, and temperature. Compared to the chloro-
phyll-based approach, carbon-based values are considerably high-

     Volume 4 | Issue 1 | 06Eart & Envi Scie Res & Rev, 2021 www.opastonline.com



er in tropical oceans, which show more significant seasonality at 
middle and high latitudes and illustrate essential differences in the 
formation and collapse of regional algal blooms [63].

The hydro-chemical properties of the near shore waters of Alappu-
zha based on two time-series measurements taken during 2014 and 
2016 showed a marked increase in the nitrate levels during 2014, 
resulting in a massive diatom bloom [64]. The seasonal distribution 
of foraminifera in response to physicochemical changes associated 
with the mudbank formation showed that food availability and its 
source are not a significant factor affecting its distribution in the 
mudbank.  Instead, increased turbidity and low bottom water sa-
linity are the leading cause of the seasonally stressed environment 
in the mudbank [65]. The microbial diversity in the coastal envi-
ronments of Alappuzha showed a significant difference between 
stations having only upwelling and upwelling and mudbank [66].

Sea surface temperature is another factor that influences productiv-
ity. The climatological and interannual variability of biogeochem-
ical cycle studies using the model TOPAZ (Tracers of Phytoplank-
ton with Allometric Zooplankton) with the data for a period of 
1949-2009 for the north Indian Ocean showed a negative surface 
chlorophyll anomaly correlated well with a positive SST anomaly 
[67]. The SST-chlorophyll relation is evident during IOD periods 
[68]. The influence of Indian Ocean Dipole (IOD) on the physical 
and biogeochemical processes examined with particular reference 
to primary phytoplankton production and air-sea fluxes of carbon 
dioxide in the Arabian Sea.  Positive SST anomalies (SSTA) were 
maximum (0.4 to 1.8°C) in the southwestern Arabian Sea that 
decreased towards the north. The Sea Surface Height Anomalies 
(SSHA) and turbulent kinetic energy anomalies suggest reduced 
mixing during the IOD compared to the normal period.  Chloro-
phyll-a displayed significant negative correlation with SSTA and 
SSHA in the Arabian Sea. The consistently negative anomalies of 
Chlorophyll-a, during the IOD period, could be due to reduced 
inputs of nutrients. The photic zone integrated primary production 
decreased by 30% during the IOD period compared to the normal 
period.

Studies by [69] got an exceptional result of high-nutrient, 
low-chlorophyll condition off the southern Omani coast which 
shows a close similarity between the Omani upwelling system and 
the Peruvian and California upwelling systems, where primary 
production is limited by iron.   An echo survey conducted at Alap-
puzha mudbank gave detailed descriptions of the texture, grain 
size, thickness and chemical properties, including mineralogical 
studies [70]. Time-series measurements of Suspended Particulate 
Matter (SPM) at three stations off the Alappuzha coast showed that 
the SPM concentrations increased with depth in all the three sta-
tions during the pre-monsoon and the monsoon seasons.  Near the 
sea bed, SPM values were low at the non-mudbank station in July 
(0.042g/l), but the mudbank stations showed high values (9.2g/l), 
which decreased with the end of the south-west monsoon season 
[71].

The Southwest Monsoon period is the most productive time for 
the entire west coast, because of the proportionate availability and 
replenishment of nutrients. However, for the northwestern Indian 
Ocean, the phytoplankton in the main upwelling areas was only 

severely nutrient-limited during the spring inter monsoon period. 
The production of chlorophyll depends not only on nutrients, but 
also on their physiological regulations like responses to nutrients, 
pH, temperature and salinity.

Primary productivity of mudbanks
Because of the semiannual reversal of monsoon winds and the as-
sociated physical processes, the Arabian Sea is considered as one 
of the locations among the world oceans where the highest prima-
ry production occurs; [72, 73]. Primary production in the ocean 
surface is controlled by factors like light intensity, nutrient dis-
tributions and mixed layer depth. Fig. 6 shows the creation of a 
zone of sub-surface phytoplankton production bounded by too low 
nutrient concentrations above and too low light intensity below. 
The biological response to coastal upwelling events revealed many 
factors influencing productivity.  The productivity is closely linked 
to (a) Ambient conditions like illumination and available nutrient 
concentrations, (b) The intensity and duration of upwelling-favor-
able wind conditions, (c) Biochemical factors, (d) The availability 
of a seed population of phytoplankton and (e) Complex food web 
dynamics including human interference, such as the harvest of for-
age fish  [74].

Figure 6: Schematic of the situation in which light and nutri-
ent limitations created a zone of sub-surface phytoplankton pro-
duction confined to the base of the surface mixed layer (Source: 
Kampf and Chapman, 2016).

Many people examined the primary production in the Arabian Sea 
during the monsoon season.  At Alappuzha, the primary produc-
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tion showed high values only before, and not during or after the 
formation of the mudbank as there was an abundant population 
of diatoms during this period [39]. The seasonal monsoon forcing 
and remotely forced waves modulate the circulation and primary 
production in the eastern Arabian Sea [75]. Observations based 
on ocean colour from 2000 to 2007 showed an increase in sum-
mer productivity in the western Arabian Sea [76]. This increasing 
trend is not seen in the eastern Arabian Sea.  Earlier studies had 
described the western Indian Ocean as a region with the most sub-
stantial increase in phytoplankton.  A recent study points out an 
alarming decrease of up to 20% in phytoplankton in this region 
over the past six decades  [77]. These trends in chlorophyll result 
from the enhanced ocean stratification due to rapid warming in the 
Indian Ocean, which suppresses nutrient mixing from subsurface 
layers.  

Studies on the role of wind stress in modulating upwelling and 
subsequent changes in mixed layer depth and chlorophyll concen-
tration in the southeastern Arabian Sea for the period 2000 – 2008 
gave the following results.  A decrease in the wind stress was fol-
lowed by an increase in chlorophyll concentration with a lag of 
approximately two weeks, along with the shoaling of mixed layer 
depth [78]. In addition, a bimodal variability of chlorophyll-a con-
centration during summer monsoon occurs in this region. A new 
algorithm, Goa University Case II (GUC2), was developed to re-
trieve chl-a in optically complex waters and its validation with in 
situ observations from the eastern coastal Arabian Sea is useful 
for the chlorophyll estimations from this region [79]. GUC2 could 
identify two appropriate wavelengths for deriving chl-a and it 
could eliminate the effects of total suspended matter and coloured 
dissolved organic matter. The accuracy of the new algorithm, 
GUC2 outperformed turbid water CHL indices.  Studies using 
an Earth System Model (ESM) by simulating changes in marine 
primary productivity for eight contrasted climates from the last 
glacial-interglacial cycle showed that there is no straightforward 
correlation between boreal summer productivity of the Arabian 
Sea and summer monsoon strength across the different simulat-
ed climates [80]. The nutrient supply driven by Ekman dynamics 
was the major contributor to productivity. The intensity of Ekman 
pumping determined by wind stress or wind curl depends on the 
position of the jet, and the astronomical parameters and the ice 
sheet cover influence the position of the jet.

Analysis of in situ data collected during the year 1992-1997 from 
the Arabian Sea under the Indian program of Joint Global Ocean 
Flux Study (JGOFS) showed that the biological productivity of 
the Arabian Sea is tightly coupled to the nutrient availability [81]. 
During summer, not only the coastal Arabian Sea but also the open 
ocean is biologically productive. In winter, the northern regions 
are productive due to surface cooling.  Another study using JGOFS 
data revealed that temporal and spatial variations in phytoplankton 
biomass exist in the Arabian Sea at all scales from the diurnal to 
the seasonal and from fine to large scale.  Also, phytoplankton is 
not sharply limited by either irradiance or nutrient supply [82]. Us-
ing International Indian Ocean Expedition (IIOE) data, studies of 
the biological productivity of the Indian Ocean, considering light, 
nutrients and the rates of production at the primary, secondary, and 
tertiary levels of the food chain were determined for the surface 
(1m depth) as well as the column (up to the depth of 1% illumi-

nation) [83]. The surface production per unit area in the Bay of 
Bengal is higher than that of the Arabian Sea whereas, the column 
production in the Arabian Sea is much greater than that in the Bay 
of Bengal. 

Earlier studies showed that there were considerable spatial and 
temporal variations in the productivity of the Arabian Sea. The 
mesozooplankton abundance in the Arabian Sea is relatively high 
in the mixed layer all through the year [84]. As an explanation for 
this paradox, they pointed out that most of the herbivorous forms 
are either small filter feeders like copepods or larger mucous filter 
feeders like tunicates that can feed on microscopic particles. The 
Arabian Sea sustains large biomass of mesopelagic fishes (about 
100 million tonnes), mainly myctophids, which live in the core of 
the minimum oxygen layer and ascend to the surface layers during 
the night to feed on the abundant zooplankton.  Analyses of three 
separate cruise data from the southern and northeastern Arabian 
Sea, during the winter monsoon season, showed that variability in 
the picophytoplankton community structure and their contribution 
to the microbial loop are driven by convective mixing and advec-
tion [85].

Coastal upwelling plays a dominant role in shaping the zooplankton 
community than mudbanks, which just coincidently happen during 
the south-west monsoon season [86]. Analyses of MODIS-A data 
for the northwestern Bay of Bengal showed a prominent peak of 
Chl-a during the pre-Southwest Monsoon period (March–April) 
[87]. The satellite-derived values showed overestimation in near-
shore waters.  Analysis of the long-term trend in satellite imagery, 
clearly indicated a bi-modal distribution of Chl-a, with a first peak 
during the pre-Southwest Monsoon and the secondary peak during 
the end of the Southwest Monsoon. The first peak was attributed 
to phytoplankton bloom that was mostly confined to nearshore wa-
ters; however, the secondary peak spreads offshore.  

Various studies show that nutrient supply is one of the main fac-
tors that favour bio-productivity along with other components as 
illumination, seasonal monsoon forcing, remotely forced wave, 
etc. and upwelling has more influence on bio-productivity than 
mudbanks.  The location of peak primary production occurs at 
different places at different times depending on the local con-
ditions. Along the southwest coast of India, primary production 
is maximum during the Southwest Monsoon season, just before 
the formation of mudbanks, as there was an abundant population 
of diatoms during this period. The northwestern Bay of Bengal 
showed a prominent peak of Chl-a during the pre-Southwest Mon-
soon period (March–April). In the Amazon Basin, high productiv-
ity happens from roughly August through November. Because of 
yearlong coastal upwelling activity, the Peruvian coast shows high 
biological activity. Productivity along the coastal waters of east 
Peninsular Malaysia showed maximum concentrations during the 
Northeast Monsoon Season [88]. Even though marine productivity 
connects to mudbanks and upwelling phenomena, it shows spatial 
and temporal variations.

Fisheries in Mudbank
As mudbanks play a vital role in the coastal fisheries, scientists in 
this field tried to investigate this phenomenon and the fisheries as-
sociated with it deeply. Mudbank being a calm region, traditional 
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fishers using non-motorised country craft were able to carry out 
fishing within this calm region during the SW monsoon season. 
The pattern of fish distribution in the monsoon season frequent-
ly changes, even from day to day, due to the shoaling behaviour 
of fish [89]. This phenomenon does not confine to the areas of 
mudbanks only, but outside also it happens. The studies by [90] 
also support the results by [89]. The upwelling, occurring during 
the SW monsoon season along the Alappuzha coast, carried ox-
ygen-deficient bottom water to the upper water column. Fishes 
aggregate within the thin upper surface layers by avoiding the ox-
ygen-depleted waters, allowing easy visual identification and cap-
ture of fish shoals. Just below the topmost thin layer of oxygenated 
warm water, there exists a hypoxic (< 75 μM), high salinity (> 35.5 
PSU) cool (< 26°C) layer due to upwelling. However, this deple-
tion in oxygen occurs throughout the coast and does not confine 
just to the mudbanks [90]. 

There are different opinions regarding the shoaling of fish to the 
surface layers in the upwelling area. According to [91] and [92] 
during the southwest monsoon season upwelling forces fish and 
prawn to move towards the shore to avoid the oxygen-deficient 
waters whereas, [21] suggest viscous stirring up of mud by the 
wave action probably forces the fish and prawns to move upwards. 
The influence of the monsoon related drivers on the primary pro-
ductivity of the Arabian Sea was discussed in a review of previous 
works [75]. About 73% of the total catch of India originates from 
the west coast of India due to the high primary production (PP) in 
this sector of the Arabian Sea [93].

Analysis of available data and model simulations shows it is the 
physical forcing that influences the fisheries in the northeastern, 
central and southeastern Arabian Sea. A carnivore-dominated fish-
ery occurs in the northeastern Arabian Sea (NEAS) and a plank-
tivore-dominated fishery in the southeastern Arabian Sea (SEAS). 
A weaker fishery in the central-eastern Arabian Sea (CEAS) com-
pared to the SEAS is due to weaker physical forcing in CEAS. A 
marked difference in the total catch of oil sardines from the SEAS 
to the CEAS exists, though the catch of mackerel does not change 
considerably. This difference in landings can be attributed to the 
difference in the physical forcing in these regions [94].

The main factors which contribute to productivity are upwelling in 
the southeastern Arabian Sea (south of 15°N) during the southwest 
monsoon and cooling in the northern Arabian Sea (north of 15°N) 
in winter [95]. Although the fish catches from these two areas are 
relatively equal, there is a considerable difference in the composi-
tion. In the south, planktivorous fishes dominate, whereas, in the 
north, carnivores are more abundant.

The unique feature of the mudbanks of Kerala is that they enable 
the fishers with enormous catch using indigenous boats from the 
calm sea during the Southwest Monsoon Season when the sur-
rounding areas are very rough.  Because of the high primary pro-
duction (PP) in this sector of the Arabian Sea, about 73% of the 
total catch of India originates from the west coast of India.

Discussion and Conclusion
Mudbanks along the Kerala coast during the Southwest Monsoon 
Season have been arousing the curiosity of everyone. Even after 

many studies to explore the characteristics of mudbank, it remains 
an enigma, because this phenomenon does not show a regular pat-
tern in its spatial and temporal occurrences. Even if almost the 
same environmental conditions occur, they are not recurring at 
the same place or at the same time, which makes their prediction 
impossible.  When we observed the location of the occurrence of 
mudbanks along the southwest coast of India, their frequency is 
maximum (52.63%) between the latitudes 9°N and 10°N. Even 
though different hypotheses exist for the formation of mudbanks, 
for Alappuzha, where the phenomenon occurs most frequently, 
the subterranean hypothesis or some bottom topographical feature 
seems to be influencing the phenomena. 

Sedimentological studies suggest that mud of the right texture at 
the right depth, along with adequate wave activity is necessary for 
the formation of mudbanks. Mudbanks can migrate by the influ-
ence of currents, waves and wind stress. This migratory behaviour 
can cause shoreline changes with accretion to the north of mud-
banks and erosion to the south.   Different investigations, suggest 
that many hydrodynamic properties as SST, salinity, wave activity, 
currents and wind have a significant influence on the maintenance 
and dissipation of mudbanks. Since upwelling closely links to the 
nutrient cycles and the marine habitat, various studies investigated 
the biogeochemical properties of mudbanks. Upwelling induced 
biogeochemical processes have a major influence on the ecosys-
tem of the southwest coast of India. 

Earlier studies had described the western Indian Ocean as a re-
gion with the most substantial production of phytoplankton. In a 
recent study, a decrease of 20% in phytoplankton productivity oc-
curred in the past six decades due to the enhanced stratification 
and rapid warming in the Indian Ocean because of global warm-
ing. However, an increase in Chl-a occurs in the western Arabian 
Sea, though the increasing trend is not seen in the eastern Arabian 
Sea. Upwelling has more influence on primary productivity than 
mudbanks, as the presence of nutrients is a controlling factor in 
primary productivity. Ocean productivity estimates created on the 
chlorophyll-based approach are lower than the carbon-based val-
ues in tropical oceans and showed significant seasonality in mid-
dle and high latitudes.  Indian Ocean Dipole showed a significant 
influence on primary production, a reduction of about 30% during 
this period compared to the normal situation. 

Studies on the role of wind stress on productivity showed that a 
decrease in wind stress causes an increase in chlorophyll concen-
tration with a lag of 2 weeks.  Since upwelling is a slow process 
(upwelling velocity of 0.1-3m/day), it takes 2-4 weeks for the nu-
trient-rich subsurface water to reach the surface depending on the 
intensity of wind stress.  Previous studies suggest that among the 
various factors affecting ocean productivity, upwelling plays a sig-
nificant role. 

The mudbanks of the southwest coast of India are unique in terms 
of its origin through river discharge, subterranean, coastal mud 
and dredged mud, by creating a calm zone in the turbulent sea, 
and support fishery. Whereas, the Amazon mudbank is of estua-
rine origin, which creates a thick muddy shore with large extant.  
Primary productivity in different coastal regions varies with time. 
Along the Kerala coast, primary production is maximum during 
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the Southwest Monsoon Season, just before the formation of mud-
banks, as there is an abundant population of diatoms during this 
period.  Even though marine productivity links to mudbanks and 
upwelling phenomena, it shows spatial and temporal variations in 
its recurrence.

Studies on fisheries associated with mudbanks along the Kerala 
coast showed that the aggregation of fish is not confined to the 
mudbank regions, but outside this region also it occurs.  Since 
mudbank regions are calm, they are favourable locations for fish-
ing and hence it has unique importance, especially for the conven-
tional fishers. After 2016, the occurrence of mudbanks in Alapuzha 
has decreased, though it was the most frequent location previously.  
The recent environmental changes that have created an unfavour-
able situation for the formation of the mudbanks should be anal-
ysed considering the remote forces like ENSO and IOD.  All of 
these factors need thorough investigation in the scenario of global 
warming.  Since the reason behind the peculiar phenomenon of 
mudbanks that occur along the Kerala coast during the Southwest 
Monsoon Season is unclear, further studies on this topic are essen-
tial as it has socio-economic implications on the fisher’s communi-
ty as well as the economy and food security of the country.

Acknowledgement
Department of Science and Technology, Govt. of India, New Delhi 
is gratefully acknowledged for the financial assistance to Dr. S. S. 
Suneela through No. SR/WOS-A/EA-18/2018 dated 29-01-2019 
for the Project ‘Influence of the monsoon related drivers on the 
bio-productivity of the west coast of India’. The authors are thank-
ful to ‘Malayala Manorama’ daily for providing the information on 
mudbank from the archives.

References 
1. Cope C (1755) A new history of East India. In: Report of the 

special committee on the movement of mudbanks, in Report 
of the Special Committee on the Movement of Mudbanks. 
Cochin Govt. Press. 1938.

2. Crawford (1860) History of Mudbanks, in Bristow, R.C., 
1938. Cochin Government Press, Cochin, India. 1938: 174. 

3. Ducane C G, R C Bristow, J Coggin Brown, B A Keen, E W 
Russel, et al. (1938) Report of the special committee on the 
movement of mudbanks. Cochin Govt. Press. 

4. Davey G (1903) History of Mudbanks, in Bristow, R.C., 1938. 
In: Bristow, R.C., 1938Cochin Government Press, Cochin, In-
dia. 1938: 174.

5. Crawford, Logan (1982) History of Mudbanks, in Bristow, 
R.C., 1938. Cochin Government Press, Cochin, India.  

6. Silas E G (1984) Mudbanks of Kerala - Karnataka — need for 
an integrated study. C. Bull. 31: 2-7. 

7. Hastenrath S, Lamb P J, Greischar L L (1979) Climatic Atlas 
of the Indian Ocean: The Oceanic Heat Budget. Part 2. Uni-
versity of Wisconsin Press, Madison. 

8. Shetye S R, Suresh I, Shankar D, Sundar D, Jayakumar S, et 
al. (2008) Observational evidence for remote forcing of the 
West India Coastal Current 113: 1-10. 

9. Murtugudde R, Seager R, Thoppil P (2007) Arabian Sea re-
sponse to monsoon variations. Paleoceanography 22: 1-17. 

10. Dyer K R (1986) Coastal and estuarine sediment dynamics. 
John Wiley & Sons, Chichester. 

11. Faas R W (1995) Mudbanks of the southwest coast of India 
III: role of non-Newtonian flow properties in the generation 
and maintenance of mudbanks. J. Coast. Res. 11: 911-917. 

12. Gopinathan C P, Regunathan A, Rao D S, Mathew K J, Murty 
A V S, et al. (1984) Source of Mud of Alleppey Mudbank: 
Mud Cone And The Message It Conveys. C. Bull. 31: 18-20. 

13. Bristow R (1938) Cochin Harbour Development: History of 
Mud Banks 1.

14. Balachandran K K (2004) Does subterranean flow initiate 
mud banks off the southwest coast of India ? Estuar. Coast. 
Shelf Sci. 59: 589-598.

15. Padmalal D, Kumaran, Navnith Nair K M, Limaye Ruta, Mo-
han S, et al. (2014) Consequences of sea level and climate 
changes on the morphodynamics of a tropical coastal lagoon 
during Holocene: An evolutionary model. Quaternary Interna-
tional. 333: 156-172.  

16. Loveson V J, Kumar D, Naqvi R, Nigam S W A D (2016) 
An insight into subterranean flow proposition around Allep-
pey mudbank coastal sector, Kerala, India : inferences from 
the subsurface profiles of Ground Penetrating Radar. Environ. 
Earth Sci. 75. 

17. Muraleedharan K R, Dinesh Kumar P K, Prasanna Kumar 
S, Srijith B, John S, et al. (2017) Observed salinity changes 
in the Alappuzha mud bank, southwest coast of India and its 
implication to hypothesis of mudbank formation. Cont. Shelf 
Res. 137, 39-45. 

18. Murty A V S Rao, D S Regunathan, A Mathew K J, Gopina-
than C P (1984) Hypotheses on mudbanks. C. Bull. 31: 8-17. 

19. Ramachandran K K, Mallick T K (1985) Sedimentological 
Aspects of Alleppey Mud Bank, West Coast of India. Indian J. 
Mar. Sci. 14: 133-35. 

20. Varadachari V V R, Murty C S (1966) The December 1964 
storm in the Arabin Sea and its effects on the Kerala beaches. 
Ibid. 5.

21. Gopinathan C, Qasim S (1974) Mud banks of Kerala - Their 
formation and characteristics. Indian J. Geo-Marine Sci. 03: 
105-114. 

22. Ramasastry A, Myrland P (1959) Distribution of temperature, 
salinity and density in the Arabian sea along the South Mala-
bar coast (South India) during the post-monsoon season. Indi-
an J. Fish. 6: 223-255. 

23. Varma P U, Kurup P G (1969) Formation of the “Chakara” 
(mud- bank) on the Kerala coast. Curr. Sci. 38: 559-560.

24. King W (1881) Considerations on the smooth water anchor-
age of mudbanks of Narakkal and Alleppey on the Travancore 
coast. Rec. Geol. Surv. India.

25. Nair AS (1983) An interim report on the study of mudbanks 
off the Kera1a coast, India. Tech. Report, Cent. Earth Sci. 
Stud. Trivandrum, India 21.

26. Kurup P G (1975) Studies on the physical aspects of the mud 
banks along the Kerala coast with special reference to the 
Purakad mud bank. Bull. Dep. Mar. Sci. Univ. Cochin, 881 72. 

27. Nair R R, P S N Murty, Varadachari V R (1966) Physical and 
chemical aspects of mud deposit of Vypeen beach. Internat. 
Indian Ocean. Exp. News- Lett. Symp., 4 1-10.

28. Yigong Li, Trimbak M Parchure (1998) Mudbanks of the 
Southwest Coast of India. VI: Suspended sediment Profiles. J. 
Coast. Res. 14: 1363-1372.

29. Narayana A C, Manojkumar P, Tatavarti R (2000) Beach dy-

     Volume 4 | Issue 1 | 10Eart & Envi Scie Res & Rev, 2021 www.opastonline.com



namics related to the Ambalapuzha mudbank along the south-
west coast of India. Proc. Mar. Sci. 3: 495-507. 

30. Badesab et. al. (2018) Magnetic tracing of sediment dynamics 
of mudbanks off southwest coast of India. Environ. Earth Sci. 
77: 1-16. 

31. Mehta A J (1996) Interaction between Fluid Mud and Water 
Waves. 153-187. 

32. Kumar S S, Murali R M (2018) In-Situ Observations of Mud-
banks of Southwest Coast of India and Mapping of its Extent 
in 2016. J. Coast. Res. 85: 211-215. 

33. Philip A S, Babu C A, Hareeshkumar P V (2013) Meteorolog-
ical aspects of mud bank formation along southwest coast of 
India. Cont. Shelf Res. 65: 45-51. 

34. Wolanski E, Alongi D M (1995) A hypothesis for the forma-
tion of a mud bank in the Gulf of Papua. Geo-Marine Lett. 15: 
166-171. 

35. Mathew J, Baba M, Kurian N P (1995) Mudbanks of the 
Southwest Coast of India. I: Wave Characteristics. J. Coast. 
Resear. 11: 168-178. 

36. Pherson H, Kurup P (1981) Wave damping at the Kerala Mud-
banks. Indian J. Geo-Marine Sci. 10: 154-160. 

37. Tatavarti R, Narayana AC, Manoj Kumar P, Chand S (1999) 
Mudbank regime off the Kerala coast during monsoon and 
non-monsoon seasons. Proc. Indian Acad. Sci. Earth Planet. 
Sci. 108: 57-68. 

38. Tatavarti R, Narayana A C (2006) Hydrodynamics in a Mud 
Bank Regime during Nonmonsoon and Monsoon Seasons 
Hydrodynamics in a Mud Bank Regime during Nonmonsoon. 
Journal of Coastal Research. 1463-1473. 

39. Nair P V R, Gopinathan C P, Balachandran V K, Mathew K 
J, Regunathan A, et al. (1984) Ecology of Mudbanks- Phy-
toplankton Productivity in Alleppey Mudbank. C. Bull. 31: 
28-35.

40. Elgar S, Raubenheimer B (2008) Wave dissipation by muddy 
seafloors. Geophys. Res. Lett. 35: 1-5. 

41. Samiksha S V, Vethamony P, Rogers W E, Pednekar P S, Babu 
M T, et al. (2017) Wave energy dissipation due to mudbanks 
formed off southwest coast of India. Estuar. Coast. Shelf Sci.

42. Noujas V, Kurian N P, Thomas K V (2019) Comparison of 
coastal hydrodynamics in different energy regime coasts 
along southwest coast of India. J. Earth Syst. Sci. 128.

43. Iyer V L, Moni N S (1972) Effect of mudbanks on the south-
west coast of India, in 42nd Annual Research Section of C. B. 
I. P. 89-98. 

44. Kurup P G (1972) Littoral currents in relation to the mudbank 
formation along the coast of Kerala. Ibid. 5: 158-161.

45. Balchand A N (1981) Chakara: A Unique Environmental Phe-
nomenon. Environ. Conserv. 8: 283-284. 

46. Noujas V, Thomas K V, Badarees K O (2016) Shoreline man-
agement plan for a mudbank dominated coast. Ocean Eng. 
112: 47-65. 

47. Selvan S C, Kankara R S, Prabhu K, Rajan B (2020) Shore-
line change along Kerala, south-west coast of India, using 
geo-spatial techniques and field measurement. Nat. Hazards 
100: 17-38. 

48. Anthony E J, Gardel A, Gratiot N, Proisy C, Allison M A, et al. 
(2010) The Amazon-influenced muddy coast of South Amer-
ica: A review of mud-bank-shoreline interactions. Earth-Sci-
ence Rev. 103: 99-121. 

49. Seshappa G (1953) Phosphate content of mud banks along the 
Malabar Coast. Nature 526-527.  

50. Seshappa G, Jayaraman R (1956) Observations on the com-
position of bottom muds in relation to the phosphate cycle in 
the inshore waters of the Malabar Coast. Proc. Indian Acad. 
Sci. - Sect. B 43: 288-301. 

51. Gupta G V M, Sudheesh V, Sudharma K V, Saravanane N, 
Dhanya V, et al. (2015) Evolution to decay of upwelling and 
associated biogeochemistry over the southeastern Arabian Sea 
shelf. J. Geophys. Res. Biogeosciences 121: 159-175. 

52. Mathew D, Gireeshkumar T R, Balachandran K K, Uday-
akrishnan P B, Shameem K, et al. (2020) Influence of hypoxia 
on phosphorus cycling in Alappuzha mud banks, southwest 
coast of India. Reg. Stud. Mar. Sci. 34: 101083.

53. Ryabchenko V A, Gorchakov A, Fasham M J R (1998) Sea-
sonal dynamics and biological productivity in the Arabian Sea 
Euphotic Zone as simulated by a three-dimensional ecosys-
tem model. Global Biogeochem. Cycles 12: 501-530. 

54. Kurup P G, Varadachari V R V (1975) Hydrography of 
Purakad Mud Bank Region. Indian J. Mar. Sci. 4: 18-20. 

55. Jacob P, Qasim S (1974) Mud of a mud bank in Kerala, south-
west coast of India. Indian J. Geo-Marine Sci. 03: 115-119. 

56. Gireeshkumar T R, Mathew D, Pratihary A K, Naik H, 
Narvekar K U, et al., (2017) Influence of upwelling induced 
nearshore hypoxia on the Alappuzha mud banks, South West 
Coast of India. Cont. Shelf Res. 139: 1-8. 

57. Mallik T K, Mukherji K K, Ramachandran K K (1988) Sedi-
mentology of the Kerala mud banks (fluid muds?). Mar. Geol. 
80: 99-118. 

58. Radhakrishna K (1969) Primary productivity studies in 
the shelf waters off Alleppey, south-west India, during the 
post-monsoon, 1967. Mar. Biol. 4: 174-181. 

59. Joseph K J, Pillai V K (1975) Seasonal and spatial distribution 
of phytoplankton in Cochin backwater. Bull. Bull. Dept. Mar. 
Sci., Univ. Cochin 7: 171-178.  

60. Jyothibabu R, Balachandran K K, Jagadeesan L, Karnan C, 
Arunpandi N, et al. (2018) Mud Banks along the southwest 
coast of India are not too muddy for plankton. Sci. Rep. 8: 
1-13. 

61. Mazumdar A (2020) Recent contributions to the geochemistry 
and sedimentology of estuaries, mangroves, and mudbanks 
along the Indian coast: A status report. Proc. Indian Natl. Sci. 
Acad. 343-350. 

62. Balachandran K K, Jayalakshmy K V, Laluraj C M, Nair M, 
Joseph T, et al. (2008) Step-up multiple regression model 
to compute Chlorophyll-a in the coastal waters off Cochin, 
southwest coast of India. Env. Monit Assess 139: 217-226.

63. Behrenfeld M J, Boss E, Siegel D A, Shea D M, et al. (2005) 
Carbon-based ocean productivity and phytoplankton physiol-
ogy from space. Global Biogeochem. Cycles 19: 1-14. 

64. Mathew D, Gireeshkumar T R, Udayakrishnan P B, Mura-
leedharan K R, Madhu N V, (2019) Inter-annual variations in 
the hydrochemistry of Alappuzha mud banks, southwest coast 
of India. Cont. Shelf Res. 177: 42-49. 

65. Dubey R, Saraswat R, Nigam R (2018) Science of the Total 
Environment Mudbank off Alleppey, India : A bane for fora-
minifera but not so for carbon burial. Sci. Total Environ. 634: 
459-470. 

66. Parvathi A, Vijayan Jasna, Vijaya Krishna Aswathy, Vinod 

     Volume 4 | Issue 1 | 11Eart & Envi Scie Res & Rev, 2021 www.opastonline.com



Kumar Nathan, Sreekumar Aparna, et al. (2019) Microbial 
diversity in a coastal environment with co-existing upwelling 
and mud-banks along the southwest coast of India. Mol. Biol. 
Rep.

67. Sharada M K, Devasena C K, Swathi P S, SundaraDeepthi M 
V, ShelvaSrinivasan M K, et al. (2015) Seasonal and Inter-
annual Variability of Marine Ecosystem in the North Indian 
Ocean: A Model Evaluation Study. Int. J. Ocean Clim. Syst. 
6: 19-34. 

68. Sarma V V S S (2006) The influence of Indian Ocean Di-
pole (IOD) on biogeochemistry of carbon in the Arabian Sea 
during 1997-1998. J. Earth Syst. Sci. 115: 433-450. 

69. Naqvi S W A, Moffett J W, Gauns M U, Narvekar P V, Pra-
tihary A K, et al. (2010) The Arabian Sea as a high-nutrient, 
low-chlorophyll region during the late Southwest Monsoon. 
Biogeosciences 7: 2091-2100.

70. Regunathan A, Mathew K J, Rao D S, Gopinathan C P, Kurup 
N S, et al. (1984) Fish and Fisheries of the Mudbanks. C. Bull. 
31: 60-71.  

71. Shynu R Rao, V P Samiksha, S V Vethamony, Babu M T, 
Dineshkumar P K, et al. (2016) Suspended matter and fluid 
mud off Alleppey, southwest coast of India. Estuar. Coast. 
Shelf Sci. 

72. Qasim S Z (1982) Oceanography of the northern Arabian Sea. 
Deep-Sea Res. Part A, Oceanogr. Res. Pap. 29: 1041-1068. 

73. Banse K (1987) Seasonality of phytoplankton chlorophyll in 
the central and northern Arabian sea. Deep-Sea Res. Part A, 
Oceanogr. Res. Pap. 34: 713-723.   

74. Kämpf J, Chapman P (2016) Upwelling Systems of the World.  
75. Luis A J, Kawamura H (2004) Air-sea interaction, coastal cir-

culation and primary production in the eastern Arabian Sea: A 
review. J. Oceanogr. 60: 205-218. 

76. Prakash S, Ramesh R (2007) Is the Arabian Sea getting more 
productive? Curr. Sci. 92: 667-671. 

77. Roxy M K, Modi A, Murtugudde R, Valsala V, Kumar S P, et 
al. (2016) rapid warming over the tropical Indian Ocean To 
cite this version : 826-833. 

78. Jayaram C, Udaya B T V S, Ajith J K, Balchand A N (2012) 
Application of Satellite Products to Study Upwelling, Chlo-
rophyll and Mixed Layer Depth of Southeastern Arabian Sea. 
Int. J. Ocean Clim. Syst. 3: 97-108. 

79. Menon H B, Adhikari A (2018) Remote Sensing of Chloro-
phyll-A in Case II Waters: A Novel Approach With Improved 
Accuracy Over Widely Implemented Turbid Water Indices. J. 
Geophys. Res. Ocean. 123: 8138-8158. 

80. Le Mézo P, Beaufort L, Bopp L, Braconnot P, Kageyama M, 
et al. (2017) From monsoon to marine productivity in the Ara-
bian Sea: Insights from glacial and interglacial climates. Clim. 
Past 13: 759-778. 

81. Prasanna Kumar S, Madhupratap M, Dileep Kumar M, Gauns 
M, Muraleedharan, (2000) Physical control of primary pro-
ductivity on a seasonal scale in central and eastern Arabian 
Sea.

82. Marra J, Barber RT (2005) Primary productivity in the Arabi-
an Sea: A synthesis of JGOFS data. Prog. Oceanogr. 65: 159-
175.

83. Qasim S (1977) Biological productivity of the Indian Ocean. 
Indian J. Geo-Marine Sci. 06: 122-137.

84. Nair K K C, Madhupratap M, Gopalakrishnan T C, Haridas 
P, Gauns M (1999) The Arabian Sea: Physical environment, 
zooplankton and myctophid abundance. Indian J. Mar. Sci. 
28: 138-145.   

85. Bemal S, Anil A C, Shankar D, Remya R, Roy R, et al. (2018) 
Picophytoplankton variability: Influence of winter convective 
mixing and advection in the northeastern Arabian Sea. J. Mar. 
Syst.

86. Jagadeesan L, Jyothibabu R, Arunpandi N, Karnan C, 
Balachandran K K, et al. (2017) Dominance of Coastal Up-
welling over Mud Bank in Shaping the Mesozooplankton 
along the Southwest Coast of India during the Southwest 
Monsoon. Prog. Oceanogr. H.

87. Lotliker A A, Baliarsingh S K, Sahu K C, Kumar T S (2019) 
Long-term chlorophyll-a dynamics in tropical coastal waters 
of the western Bay of Bengal. Environ. Sci. Pollut. Res. 

88. Shaari F, Mustapha M A (2017) Factors influencing the distri-
bution of Chl-a along coastal waters of East Peninsular Ma-
laysia. Sains Malaysiana 46: 1191-1200. 

89. Rao D S, Mathew K J, Gopinathan C P, Regunathan A, Murty 
AVS, et al. (1984) Ecology of mudbanks — Hydrography. C. 
Bull. 25. 

90. Prasanna Kumar S, Dinesh Kumar P K, Muraleedharan K R, 
George G, Mathew D, et al. (2018) Mudbanks and fisheries 
along the Kerala coast - myth and reality. Curr. Sci. 115: 773-
778. 

91. Sankaranarayanan V N, Qasim S Z (1969) Nutrients of the 
Cochin Backwater in relation to environmental characteris-
tics. Mar. Biol. 2: 236-247. 

92. Rao D S (1967) The mudbanks of the west coast of India. 20th 
Ann. Souvenier. Cent. mar. fish. Res. Inst 99-102. 

93. Central Marine Fisheries Research Institute, (1995) Marine 
Fisheries Information Service, Technical and Extension Se-
ries. 

94. Shankar D, Remya R, Anil A C, Vijith V (2019) Role of physi-
cal processes in determining the nature of fisheries in the east-
ern Arabian Sea. Prog. Oceanogr. 172: 124-158. 

95. Madhupratap M, Nair K N V, Gopalakrishnan T C, Haridas 
P, Nair K K C, et al. (2001) Arabian Sea oceanography and 
fisheries of the west coast of India. Curr. Sci. 81: 355-361.

Copyright: ©2021 S S Suneela ., This is an open-access article distributed 
under the terms of the Creative Commons Attribution License, which 
permits unrestricted use, distribution, and reproduction in any medium, 
provided the original author and source are credited.

     Volume 4 | Issue 1 | 12Eart & Envi Scie Res & Rev, 2021 www.opastonline.com


