Chapter 5 Result and Discussion

This chapter describes and discusses the findihig;nd use land cover mapping and
its change detection, the diversity of coastal tagan, the phytosociological aspects
of mangroves, the geomorphological characteristingd the analysis of coastal

sediments.

5.1MAPPING OF LAND USE AND LAND COVER CATEGORIES
AND CHANGE DETECTION

Land use land cover pattern of any region is arcaue of the natural and socio-

economic factors and their utilization by man imeiand space (Bhagawat, 2005).
The land use land cover maps are crucial for margatie natural resources and
monitoring environemntal changes (M uttitanon ang dthi, 2005). The land use land
cover categories observed in Jambusar, Vagra, ez aliabet and their areal
extent has been described separetely in the siceesst.
5.1.1 LAND USE LAND COVER MAPS OF JAMBUS AR TALUKA
The maps of Jambusar taluka were prepared froroffwgrap hic sheets and from the
satellite images for the year 1978, 2000 and 2012 base map was prepared from
topographic sheets published during 1973-77. Jaanbtsluka comes under the
topographic sheet numbers 46B/8, 46B/12, 46B/1&/3d&nd 46C/13.This map was
used as base map to understand the various landnasé&and cover categories of
Jambusar. Plate 5.1 depicts land use land covemmd@ambusar taluka prepared from
them. The map shows various categories such aslahustioal, mangrove, various
types of water bodies, habitation, agriculturaldlaand industrial area. Agriculture
was the major land use of the taluka which cov&®@@7% of total area. This was
followed by the mudflat category (21.12%) whichlimed mudflats (barren) as well
as shoal categories. The built-up area categou@s as habitation and industrial area
covered an area of 0.87% and 0.01% respectivelyhéntopographic sheets brick
kilns shown near Jambusar village were considesaddustrial area. The areal extent
of each of these categories in terms of hectag&en in Table 5.1.

The land use land cover maps for the year 19780 288d 2012 are
represented in the Plate 5.2, 5.3 and 5.4 res@fctivhe contribution of the major
categories (Level 1 classification) in terms of geetage is given in the Table 5.2.

Throughout the time series, agriculture was theomiand use category. This was
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followed by the coastal wetland category, watenhatrub, built-up land and barren

land category. It is important to note here thatitfdustries developed in the mudflat
area were included under the built-up category.

Class name Area (in ha)
Mudflat 25171.09
Shoal 513943
Mangrovi 1192.8
Water body (Sei 19881.5
Creel 512.3
Pond 550.08
River 4602.5(
Brick Kiln 8.1¢
Habitation 1255.3
Agriculture lant 85198.8
Total area 143512 .24

from topographic sheets of Jambusar

Table 5.1 Area covered by various land use land cercategories demarcated

Yeal
Categories 1978| 2000 2012
(Areain %)
Coastal wetlan 251! 19.2( 21.3%
Water bod 20.7( 21.4: 18.2:
Barren land 1.1y 1.03 1.02
Scruk 1.8¢ 4.7¢ 4.5(
Built-up land 0.37 2.23 4.48
Agriculture lant 50.8: 51.3¢ 50.4:

taluka across different years
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Table 5.2 Distribution of major land use land covercategories of Jambusar




Land use land cover map of Jambusar taluka- 1975 - 77
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Land use land cover map of Jambusar taluka - 1978
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Land use land cover map of Jambusar taluka - 2000
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Land use land cover map of Jambusar taluka - 2012
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Result and Discussion

5.1.1.1 Trend in Areal Extent of Different Land UselLand Cover Categories
From 1978-2012

A. Coastal wetland:M udflats (sub-tidal, inter-tidal and high-tidal}p@al, mangrove,
salt marsh vegetation, algae were the coastal meettategories observed in present
study. Variation in these categories has been slistlibelow.

A.1 Mudflat: Based on the presence or absence of vegetatiaanyrman-made
features it was divided in to barren mudflats, vatgs mudflats and mudflats taken
up by the various industries. The areal extent hafsé categories is represented
graphically in Figure 5.1. The graph shows a cadus increase in the industrial
activity in the mudflat area. Details of indust@attivities thriving in the mudflat area
have been discussed under the built-up area cgtebdferent tidal condition of the
satellite images was one of the reasons for thiati@r in the areal extent of barren
mudflats.

A.1.1 Barren mudflat: Mudflats not covered by any vegetation and devwoid

industrial activities were included under this gatg. It included the sub-tidal
mudflat, inter-tidal mudflat, high-tidal mudflat @rshoal categories. Among these the
inter-tidal and high-tidal mudflats showed reductihereas sub-tidal mudflat and
shoal showed increase in the areal extent (Figi¥e $he growth of mangroves in
the inter-tidal mudflat and growth of industries time high tidal mudflats were the
major reasons for this change. A much lower lowe tidage and the resultant greater
extent of sub-tidal mudflat and shoal was the magason for the increase in the
barren mudflat in 2012.

A.1.2 Vegetated mudflat: Mangrove, salt marsh and algae were the vegetatmes

observed on the mudflat. Algal vegetation was myoséstricted to the sub-tidal
mudflat and partly to the inter-tidal mudflats. Allggrowth is seasonal and flourishes
during November-M arch. After this period, with irase in the temperature, its extent
reduces. As satellite images of 2000 and 2012 lgelbrio the month of March and
January respectively, this could be the possitdeae for the increase in algal cover.
Mangrove flourishes well in the inter-tidal mudfland partly on the high-tidal
mudflat whereas salt marsh vegetation is genefaliyd in the high-tidal area. The

mangrove vegetation was represented by a singBespamely Avicennia marina.
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Mangrove patches were found to the west of Jamaedsas Devla and to the south
west of Nada village whereas salt marsh vegetatias observed along the entire
coastline of Jambusar. Figure 5.3 shows increatiseimangrove and whereas Figure
5.4 shows the variation in extent of salt marshetatgpn from 1978-2012. The algal
vegetation shows the increase in the area (Figbje 5

B. Scrub: This category was widely distributed and was presear wetlands, water
bodies and agricultural ares. It mostly includedaacovered withProspois juliflora
vegetation. Major scrub patches were found to tast ef Sarod village (near
waterlogged area), along the coastaline of Nadageland around Kalak village.
This category showed increase in the area from -P908® and little drop in the year
2012 (Figure 5.6).
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C. Water bodies: It includes natural water bodies like sea, crepknd and
waterlogged area and man-made water bodies likalsaand pond. The area
occupied by each of this is shown in Figure 5.7e §raph shows an increasing trend
in the areal extent of pond as well as canal ndtwbthe taluka.

D. Barren land: The areal extent of this category shows a decrgasend and is
graphically depicted in Figure 5.8.

E. Built-up land: In Jambusar habitation and industrial area weee dategories
observed.

E.1 Habitation: This taluka showed overall increase in the habmafFigure 5.9).
The map forthe year 1978 has been prepared frokhEH image. This sensor has a
resoulution of 79m and hence it was difficult tpamte pure habitation patches from
habitation with vegetation. Thus the map of 197& @howed the habitation with
vegetation category.
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Figure 5.11 Area of agricultural land in Jambusa

E.2 Indudrial area: The industrial area in Jambusar were classifietbirsaltpan,

oilwell (including exploratory site of the oil oratural gas), brick kiln and land based
industries. The industries were grouped in to tategories viz., sea-based and land-
based industries. Salt pan was the only sea-bashkdstry in Jambusar. The sea
dependent industries had occupied the mudflat (@leag the entire coastal stretch)
where as land based industries had taken up tdetaa. Oil wells were found in the
mudflat as well as in land area. The land basedsitréges were more concentrated in
the north of Jambusar (especially along Padra- dsartbmain road/ highway) and in
the east of Sarod (Sterling SEZ zone). The brigkskiere restricted between Gajera
and Jambusar villages. Oil wells had spread throutgbhe taluka but their numbers
were noticeable in the south of Nada village andhie mudflat area in the south of
Asarsa and Doliya villages. Figure 5.10 shows tiea @overed by various industries

present in Jambusar.
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F. Agriculture land: Figure 5.11 shows the areal extent of agricultdaald in
Jambusar taluka. It covered the maximum areal éxkemong all categories and
showed variation over the study period.

5.1.1.2 Accuracy Assessment

Overall accuracy and Kappa statistics were caledlfar the maps generated from the
satellite image. Accuracy assessment was carriédusing the method described

earlier. The values of overall accuracy and Kagjpiacsics are given in the Table 5.3.

Year Owerall accuracy Kappa Statistics
197¢ 96.0( 0.905!
2000 93.00 0.9046
2012 92.0( 0.876(

Table 5.3 Accuracy statistics for Jambusar taluka

5.1.1.3 Change Detection of Jambusar Taluka

Change detection was carried out using two setatd, from 1978 to 2000
and from 2000 to 2012. The change detection procesgts in large number of
change classes. The numbers of change classegftomiambusar were 374. Such a
large number of categories and their transformaftiom one to another resulted in a
complex map. The complexity of these “from- to”emgdries observed in the present
study has been graphically represented in the €&idgud2. To minimize the
complexity and to highlight the changes in the nmnamgs and industrial area only, the
change detection analysis was restricted to thesgaries.
Mangrove Change Analyss To understand changes in mangroves area they were
grouped in to three major categories viz., mangravg@rovement, mangrove
degradation and no change in mangrove vegetatibe. improvement in mangrove
could be due to conversion of mudflat to mangrodensity wise improvement
(sparse mangrove to dense mangrove; dense mangraxgey dense mangrove), salt
marsh vegetation to mangrove or water body to nwvegrcategory. Whereas
degradation of mangrove could be due to conversiionangrove to mudflat, density
wise degradation, mangrove to salt marsh vegetat@ngrove to water body or
mangrove to industrial area. No change categoryesponds with the area in which
the mangrove remains unchanged even in terms ditgerPlate 5.5 and 5.6 shows
the change in mangrove vegetation from 1978-2000f@m 2000-2012 respectively.
The details of change or no change in the areahéxif mangroves is given in Table
5.4.
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Barrenland

Figure 5.12 Conversion of categories “From-To” obseed in the present study
(the arrows indicated the direction of change)

The mangrove cover in Jambusar showed an improvecwing 1978-2000
while a small drop was observed in the period d#®R012. In the year 1978, only a
small patch of mangrove was present which increasediderably in its areal extent
over a period of time. The conversions of vast aofabarren mudflats and
considerable amount of water body to mangrove arege major reasons for the
improvement of mangrove area. The degradation efgneeve was due to conversion
of mangrove to either mudflat area or to the satsh vegetation. In addition to this,
in 2000-2012 considerable amount of mangrove pata$ converted to water body,
indicating the high rate of erosion prevailing inettaluka. The conversion of the
water body to mangrove area and conversion of noaedo water body was largely
due to the change in the flow of the river Dhadhathe last 34years. It is important
to note here that although there was considerakleldpmental activity in the
mudflat area, but they had not disturbed the mamgree getation till the year 2012.
Thus, in Jambusar taluka the degradation of thegnoae area observed during the
period 1978-2012 was mostly because of the nafactirs.
Changein theindudrial area: The industries that developed in Jambusar wete sal
pan industry, land based industry, brick kilns ardwells. Plate 5.7 and 5.8 shows
the categories converted to industrial area eftioen mudflat area or from land area.

The extent of changes in cover to industry is gwehable 5.5.
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Among these industries, salt pan industry had ibieekt cover. This industry
flourished well during 1978-2000 and even durin@®2012. The categories and
their areas which were converted to saltpan inguddring 1978-2000 and 2000-2012
are given in Figure 5.13 and 5.14 respectively.imuthe period of 1978-2000,
mostly barren mudflat area and salt marsh vegetati@ small extent were converted
to saltpans. The changes from 2000-2012 were howdfferent. Once, the mudflats
(barren as well as vegetated) were taken up bysHitpan industry, the further
expansion of the industry was at the cost of sergetation present in the mudflat
area and by reclaiming the creeks. Even the bdaed, waterlogged area present
near by the saltpan industry and in some casestaopagricultural land were taken
up by the saltpan industry.

o 0.2 Barren 0 Barren mudfla
0.8%921" "% o, mudflat 3.29_01¥0.029
24.98% Salt marst L% 0.1% Salt marst
vegetatic?n 25% vegetation
EWater bod
mWater bod
mScruk
mScruk
Waterloggec
B | area
arren lan Barren lan
73.9%
Agriculture Agriculture
land 69.9% land

Figure 5.13 Categories converted t
saltpan industry during 1978-2000

Figure 5.14 Categories convereted t
saltpan industry during 2000-20012

Brick making (brick kiln) was an industry whose arsion was restricted to
land area. The development of this industry washat cost of scrub, barren and
agricultural land. Three times more area was cdadeto this category during 2000-
2012, as compared to 1978-2000. This was one ofagtegrowing industries in the
area and occupied an area almost equal to otheebksed industries.

Land based other industries: This category result@eh the conversion of
agricultural, scrub, barren and waterlogged areadfldt areas near Sarod village
were reclaimed and converted to this category. diea occupied by this category
more than double during 2000-2012 as compared 78-2900.
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Change in mangrove during 1978 - 2000
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Change in mangrove during 2000 - 2012
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Change in industries during 1978 - 2000
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Change in industries during 2000 - 2012

72°35'0"E 72°40'0"E 72°45'0"E 72°560'0"E 72°65'0"E
[ [l 'l [l [
v 'l Koreli
L
Dggam
‘ - -
Nahar . -
[ ] t' S.arod e leudra K h L o
22°10'0"N - Gulal Kangam . o Kahanwa
Sigam ° Samoj Wedach "
s ™ ) . °*
Kimoj favh Nondhana e
Isangura K ' - - "
ora .
Jamdi i g
L4 ¢ Iundaj :,!”?‘
° Jantran S f‘ :
Chhidra - ° Umra > “Wauli * :
22°5'0"N re, 2t o2 F
. . : Yy
: Bhadkodra Kava . T -
. - . 4 -
Malpura . IV.Iadaphar - .. oJambusar
® - Ja
Chandpur b -
Sindhay .. Magmgd
Kalak  Khundal
.‘ _J ® e N
Doliya -
22°0'0"N < \ o
. P ’ Khanpor Deh
Tankari F 5 e
Islampor}
. .
l’ .’I‘d ‘
21°55'0"N = “ “
| | | ] | ) v | J
113 72°35'0"E 72°40'0"E 72°45'0"E 72°50'0"E 72°55'0"E

Plate : 5.8

A

Legend

No change (industry = industry (land))
No change (saltpan = saltpan)
No change (brick kiln = brick kiln)
No change (oil well = oil well)
Mudflat to industry (land based)
Mudflat to saltpan

Mudflat to oil well

Land to industry (land based)
Land to saltpan

Land to brick kiln

Land to oil well

Mudflat

Water body

Land

JUONNNRNERERRRT

Scale

e Kilometers
5] 0

1:250000



Result and Discussion

_ _ 1978-2000 2000-2012
Categories Changed categories Area (n ha)
Dense mangrove 0 3.15
No Change Sparse mangrove 3.07 422.48
Total 3.07 425.63
Mudflat to Mangrove 124367 627.06
Density wise improvement in mangrove 0.00 23.34
Improvement Salt marsh to Mangro 4.7] 37.8:
Water bodyto Mangrove 70.26 77.30
Total 1318.64 765.52
Mangrove to Mudfle 272.5 359.5¢
Density wise degradation of mangrove 0.00 107.11
_ Mangrove to Salt marsh 1.10 226.58
Degradation
Mangrove to Water body 3.13 179.49
Mangrove to Industry 0.00 0.00
Total 276.80 872.74
Table 5.4 Change in mangrove of Jambusar
Duration 1978-2000 | 2000-2012
Type of industry Area (in 3
No Chang Mudflat Lanc Total are: No Chang Mudflat Lanc Total are:
Brick kiln 0 0 66.1¢ 66.1¢ 12.3: 0.0C 241.6( 253.9
Industry (Land base 0.0C 0.0C 77.1¢ 77.1°% 57.0! 5.62 190.8( 253.4
Saltpan industr 3.4¢ 2250.91 7.4 2261.8I 1901.0: 2873.0: 100.7¢ 4874 .8!
Oil based industr 0.0C 5.1¢ 90.1: 95.2% 66.4. 28.1¢ 64.6¢ 159.2
Total area (in ha) 3.46 2256.12 | 240.88 250045 2036.77 2906.78 597.88 5541.43

Table 5.5 Change inindustnal area of Jambusar
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Figure 5.15 Categories convertedto o Figure 5.16 Categories converted to o
well during 1978-2000 well during 2000-2012

Oil wells had come up in land as well as mudflataar The categories
converted to oil wells and their contribution irnrfo of percentage is given in Figure
5.15 and 5.16. Agriculture land was the major dbotor to the oil well industry
during the entire study duration. The area of matdibnverted to oil well was (28.14
ha) much higher in 2000-2012 as compared to (5a)61878-2000 indicating faster
development of this industry during the period.

Thus, the overall development of the industriestiie mudflat area had
increased during 1978-2000 and this continued du#if00-2012 as well. The
development of a multiproduct SEZ in the north afnbusar was one of the reasons
for the expansion of industrial category.

5.1.2 LAND USE LAND COVER MAPS OF VAGRA TALUKA

For Vagra taluka, the maps were prepared from dpedraphic sheets and from the
satellite images of year 1978, 1987, 1997, 200042td 2012. The base maps were
prepared from topographic sheets published in $8@B-74. Vagra taluka falls under

the topographic sheet numbers 46C/9, 46C/10, 46@hti346C/14. Plate 5.9 shows
land use land cover map of Vagra taluka preparenh fthe topographic maps. It

showed various categories such as mudflats, smoahgrove, various types of

waterbodies, agriculture land, habitation, indadtarea and forest. Agriculture was
the major land use class which covered about 68.8l%he total area. This was

followed by mudflat category (mudflat+shoal) 22.97%he vegetated mudflat was

represented by mangrove that contributed 0.15%heftotal area. Habitation and

industrial area occupied 0.49% and 0.02% of tha egspectively. In 1975, only two
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types of industries were recorded on the map oize,land based industry (Mill) near
Vagra village and the other, a port near Dahepgdl. It aslo showed a patch of
reserved forest extending from the west of DahejtapLuhara village which

accounted for 0.60% of the total area. The totalaextent of different land use land

cover classes observed in the topographic sheetgvan in the Table 5.6.

Class Namu Area (in ha)
Mudflat 18244.3
Shoa 1927 .6!
Mangrovi 134.3
Water body (Sei 1604.9!
Creel 252.5
Pont 226.8t
River 4460.0°
Habitation 433.6(
Agriculture lant 59993.4.
Fores 526.8!
Industrial are 7.91
Jetty 6.6¢
Total 87819.3

Table 5.6 Area covered by various land use land cercategories demarcated
from topographic sheets of Vaga

The land use land cover maps for the year 19787,19997, 2001, 2004 and
2012 are given in Plate 5.10, 5.11, 5.12, 5.134 Sahd 5.15 respectively. The
contribution of the major categories in terms ofgeatage is depicted in Table 5.7.
Throughout the time series, agriculture was theomind use category. This was
followed by the coastal wetland category, wateryhdouilt-up land, scrub, barren
land and forest category. As, Vagra (especially dpamd its surrounding area) had
witnessed maximum developmental activities amorggttinee coastal talukas under
study, a high resolution Catrosat-1 satellte imafehe western part of the taluka
was used to analyse the extent of the built up. &ede 5.16 shows the LULC map
prepared from Cartosat-1 for the year 2012 whike dteal extent of major categories
is shown in Table 5.8. Use of cartosat data shatgesuip erioirity in demarcating man
made features such as various types of industatpén, jetty, aquaculture pond, oil
well and other land based industries), canals,tatabn areas, vacant plots and even
agricultural land. With help of this imagery prexigreal extent of various categories
could be retrieved. The descrimination of natuedjetation such as mangrove, salt
marsh vegetation in mudflat area and scrub in kEed was however, comparatively

difficult using this panchromatic dataset. Theresvadso difficulty in demarcating

Ph.D. Thesis, Shresstuti Tattu (2015) 116



Result and Discussion

creek in mudflats especially at places where tlkekckvas either very narrow or not

filled with water. This suggested efficiency of teewat -1 in demarcation of various
builtup categories and its limitation in demarcgtifew of the coastal wetland

(mangrove, salt marsh vegetation and creek) cassgor

Yeal
Categories 1978 1987| 1997| 2001 2004 2012
(Areain %

Coastal wetlar 22 3¢ 23.0: 19.0! 14.47 14.3¢ 15.3:
Water bod 11.6( 7.4¢ 7.5 10.6: 9.2 8.1¢
Barren land 1.0% 4.15 1.92 2.85 1.86 1.57
Scrub 3.52 2.24 5.01 5.48 6.11 6.46
Built-up land 1.00 2.95 7.68 9.61 1054 14.64
Agriculture land 59.97% 59.84 58.54 56.67 57.58 5353
Fores 0.50 0.3 0.31 0.3] 0.3( 0.2¢

Table 5.7 Distribution of major land use land covercategories of Vagra taluka
across different years

Year 201

Class name Area (in ha)
Mudflat 7670.61
Scruk 4423.13
Water body (Sea+ rive 8446.32
Creel 76.1687
Pond 279.5769
Canal 279.8088
Waterlogged area 428.6743
Barren land 252.9285
Habitation with vegetatic 396.057
Vacant are 784.760:
Industrial are 309293
Jetty 222343
Agriculturelanc 18562.4:
Aquaculture industr 40.7638
Saltpan industry 7154.394
Oil well 840.8985
Road 105.0578
Total area 52856.82

Table 5.8 Area of various land use land cover categes demarcated from the
satellite image of Cartosat-1
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Land use land cover map of Vagra taluka - 1978
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Land use land cover map of Vagra taluka - 1987
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Land use land cover map of Vagra taluka - 1997 @
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Land use land cover map of Vagra taluka - 2001 @
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Land use land cover map of Vagra taluka - 2004 @
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Land use land cover map of Vagra taluka - 2012
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Land use land cover map of Vagra taluka - 2012 @
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Result and Discussion

5.1.2.1 Trend in Areal Extent of Different Land UselLand Cover Categories
From 1978-2012

A. Coastal wetland: Mudflats, shoal, beach, mangrove, salt marsh atiget algae
were the categories observed in Vagra taluka am@ticms observed in them are
discussed below.

A.1 Mudflat: The industrial activites in the mudflat area hadeased from 1978 to
2012. Figure 5.17 shows area covered by barren latydfegetated mudflat and

mudflat taken up by the industries. Each of théseet categories is discussed in detall

below.
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mMudflat occupied by indust nShoa

Figure 5.17 Area of mudflatin Vagre Figure 5.1¢ Areal extent of different
barren mudflat categories in Vagra

A.1.1 Barren mudflat: The sub-tidal mudflat, inter-tidal mudflat, higield| mudflat,

beach and shoal were the types of barren mudfls¢rebd in this taluka. The areal

extent of each of these categories over a periomnefis shown graphically in Figure
5.18. Variation in low tide condition across difat years was the major reason for
the change observed in the area under sub-tidallahaehd shoal for different years.

A.1.2 Vegetated mudflat: It comprised of the part of mudflat covered by grave,

salt marsh vegetation or algae. The mangrove vageta this taluka was also
represented byAvicennia marina only. Mangroves were observed along the west
coast of taluka between Paniyadra and Dahej. A Ispatch of mangrove was
observed in the south of Gandhar village. Figurg95shows the variation in
mangrove cover of the area over time. A small dn@s observed in year 2004. The
salt marsh vegetation showed increase in its agant (Figure 5.20) and was

observed along the entire coastline of taluka. Agithe different densities, sparse
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salt marsh vegetation covered the maximum arear&f21 shows the area covered
by algae.
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Figure 5.19 Areal extent of mangrow  Figure 5.20 Areal extent of salt marst
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B. Scrub: Figure 5.22 shows the increasing trend in thelsarea. This category had
a wide distribution and was present in coastal anetl near water bodies and even in
agricultural areas.
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Figure 5.21 Areal extent of algae il Figure 5.22 Areal extetn of scrub ir
Vagra Vagra

C. Water bodies: Sea, creek, pond, river, water logged area as agelnan-made
features such as canal were the categories obserwédgra. The area covered by
each of these categories is shown graphically garéi5.23. The variation in the areal
extent of sea, creek and river was due to variatioie low tide conditions of the
satellite images. The pond and canal showed theasing trend in terms of area as
well as in numbers from year 1978-2012.
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D. Barren land: This category was mainly observed towards thewand side of the
saltpan or waterlogged area and around river. Bssillese, it was also found in
agriculture area and around built-up area espgcialibitation. The graphical
representation in Figure 5.24 shows that this cayefiuctuates considerably. These
fluctuations were mainly due to its conversion iatmther category.

E. Built-up land: In Vagra, habitation, habitation with vegetatiomcant land,
industrial area and various transportation featuides road, jetty or port were
categories observed in built up area.

E.1 Habitation: This included both the categories i.e. habitagod habitation with
vegetation. The area of habitation for differentargeis represented graphically in
Figure 5.25.

E.2 Indudrial area: Sea dependent industries included saltpan induatpyaculture

industry and jetty/port industry where as land Has®dustries included all the

industries located beyond the high water line tasahe land ward side. In addition
to these, oil well (including exploratory sites foit and natural gas) was a category
distributed both in mudflat (high-tidal mudflat) a®ll as on land. The areal extent of
all these categories is given in Table 5.9 andasgnted graphically in Figure 5.26. It
shows an increase in the extent of all types afistides from 1978 to 2012.
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Figure 5.26 Area occupied by variou

Vagra types of industries in Vagra*

*Legends of the Figure are given in Tedhl9

Types of Industry Symbol | 1978 | 1987 [ 1997 | 2001 | 2004 | 2012
Area (in ha)

919 1064 1[160 2807

|
o
o

Land based Industrial area

Jetty u 0 6 15 27 36 52
Aquaculture industry 0 0 3 4 8 54
Salt industry [ | 607 222¢ 4961 6240 6817 7297
Oil industry u 0 28 372 60§ 723 88¢
Total industrial are 607 | 226( [ 6271 | 794% | 874« | 1109¢

Table 5.9 Variation in areal extent of various indstries in Vagra taluka

During 1978-2012, the nuber of jetties increasedumber from 1 to 7. They
were concentrated in the south west corner of takpecifically from the west of
Dahej, Lakhigam, Luhara to the south of Jogeshvl@ge. The aquaculture industry
which was located near Kaladara village had algpmeded in its area over the period.
In addition to this, a few more aquaculture pondsenobserved in waterlogged area
to the north of Muler village. Saltpan was the dwemnit sea based industry which had
almost covered the entire western coastal strefcthe taluka. The land based
industries were concentrated more around Dahejhilgakn, Luhara, Ambheta and
Jolwa villages. In addition to these, a few moreravebserved near Muler and
Bhersam villages. The development of the oil welss mostly restricted to a braod
belt between Gandhar — Chanchwel in the north astdvden Suwa and Vengani
villages in the south. A large number of oilwellen also observed in the mudflats
from north of Gandhar to the west of Padariya gélaThe graph (Figure 5.26)
indicates that it was the year 1997 when all tHéemdint types of industries were

observed in this area and since then have showedcegasing trend in their areal
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extents. Among the five different types of indussrthe highest area was occupied by
the saltpan industry. This was followed by landdobmdustry, oil wells, aquaculture
and jetty/port industry respectively. These chamgese been discussed later.

E.3 Vacant land: This particular category was not observed instdiellite images till
2012. This category came into existence with theraknt of space for the SEZs and
different developmental schemes. Under these schedliféerent plots were allotted
for the developmental activities. These plots wagmarcated by the regular border
based on which they could be easily identified fridma satellite image. These large
numbers of regular patches were identified in &telbte images of 2012 and verified
during the ground truth. The area occupied by thiggory was 1195 ha in the year
2012.
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Figure 5.27 Area of agricultural land Figure 5.28 Area of forestin Vagr:
in Vagra

F. Agriculture land: It was the major land use category. It showedceedsing trend
in its areal extent (Figure 5.27) from 1978-2018¢eTincrease in the built-up area in
the landward side of taluka was a major reasorttferloss of agricultural land. An
increase was observed in 2004 possibly due to pdesry conversion of barren land
or scrub to agricultural land.

G. Forest: This category was found in the western side of reagluka between
Lakhigam and Luhara village and was demarcateeéserved forest area. Figure 5.28
shows change in this category over a period of.tiftee area was initially converted
to agricultural land and later with the increasdayelopmental activities in the area
was later converted to either built-up area or ansparse scrub categories. The
satellite image of the year 2012 showed only a bpwttch of forest existing to the
north of Lakhigam village.
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5.1.2.2 Accuracy Assessment

The highest value of accuracy was reported foygee 2012 while the lowest value
was obtained for year 1978. The coarse resolutioh® satellite image (79 m) and
the misclassification of the sparse scrub categuryew locations were the main
reasons for the low accuracy of the 1978 map. Tdleeg of overall accuracy and
Kappa statistics for all the maps are given in €dblL0.

Year Owerall accuracy | Kappa statistics
197¢ 84 % 0.758¢
198: 88 % 0.804:
199; 88 % 0.827¢
2001 86 % 0.79¢
200¢ 85 % 0.761:
2012 90 % 0.851¢

Table 5.10 Accuracy statistics for Vagra

5.1.2.3 Change Detection of Vagra Taluka

The change detection process had resulted in 48Agehclasses for Vagra
taluka. For reasons described earlier, the changlg sis was restricted to mangrove
and industrial areas.

Mangrove Change Analyss The changes observed in the mangroves were grouped
under no change, mangrove improvement and man gregedation areas. Plate 5.17
and 5.18 shows the change in mangrove vegetatiafe Wiable 5.11 shows the
change in areal cover for the different categories.

The change analysis over a period of 34 years ghawndncreasing trend in
the mangrove cover. The improvement of the mangrea® due to their growth on
the barren mudflat and even in the salt marsh zbheir improvement in the water
body was due to their growth along the creeks. &bl1 shows that along with
improvement, degradation had also increased d@@®9§-2012 as compared to 1978-
2001. Among the different degradation classes, ilemgse degradation was much
high followed by mangrove to industry and mangrdee mudflat area. These
degraded mangrove area were mainly concentratedbynéhe industrial area and
reduction in the mangrove was due to the cuttinghef mangrove area. The map
(Plate 5.18) clearly depicts that during 2001-20h2, degradation of mangrove was
more around the industrial area. The industry maiesponsible for the degradation

of mangroves in this taluka was the saltpan ingusBesides this, other major reason
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for degradation was conversion of mangrove to wabely. This was due to the high
rate of erosion prevailing at some locations afgregnorth western coast of the taluka
and was the main reason for the reduction of maegrin the 2004. Thus, although
there was increase in the mangrove area, degradaties were also high during

2001-2012.

Change in the indudrial area: Major changes have occurred in industrial
environment of the taluka. As seen earlier Vagras hthe highest rate of
industrialization among all the three talukas unsterdy. The expansion of the areal
extent of these industries either in mudflat odand area is shown in Table 5.12
while the change detection maps for the years 29M8- and 2001-2012 are shown in
Plate 5.19 and 5.20 respectively.

The saltpan industry had boomed during the per®B42001 and had covered most
of the mudflat, leaving only a small area for itgrther expansion. Hence, the
expansion of the saltpan industry in mudflat aree& wnuch less during 2001-2012.
The categories that were converted to saltpan tndase shown in the form of pie
charts as Figure 5.29 and 5.30.

06%0% Barren o 3.44% 0.71% Barren
0.25% | 0.81% mudflat 1.20%3 Ul mudflat
4.08% .Mangrove 1.06% 20.54% mMangrove
22.108 Salt marst
vegetation Salt ma_rsk
EWater bod vegetation
mWater bod
mScruk \ 6.90%
mScruk
mWaterlogge
area
Barren lan Barren lani
I Agriculture Agriculture
002% 70.63% |and 66.15Y% land

Figure 5.29Categories converted tc Figure 5.30 Categories converted t
saltpan industry during 1978-2001 saltpan industry during 2000-2012

As indicated in Figure 5.29, a large area of bamerdflat and a small part of salt
marsh vegetation was converted to saltpan areanguktD78-2001 whereas the

categories which were converted to saltpan dur@@y2012 included a large area of
salt marsh vegetation, mangrove and the availalda af barren mudflat (Figure

5.30).
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Change in mangrove during 2001 - 2012
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Change in industries during 1978 - 2001
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Change in industries during 2001 - 2012
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Result and Discussion 5

. _ 19782001 | 20012012
Categories Changed categories _
Area (in ha)
Very dense mangrove 0.00 3.12
Dense mangrove 7.54 9.50
No Change
Sparse mangrove 44 .66 70.11
Total 52.2( 82.7:
Mudflat to Mangrove 552.82 709.93
Density wise improvement in mangrc 17.9¢ 40.1¢
Improvement Salt marsh to Mangrove 5.34 4.70
Water bodyto Mangro 3.1¢ 17 .5¢
Total 579.28 772.37
Mangrove to Mudflat 84.13 95.67
Density wise degradation of mangrove 5.62 158.74
_ Mangrove to Salt marsh 22.99 87.24
Degradation -
Mangrove to Water bot 1.3i 62.2(
Mangrove to Industry 0.13 110.35
Total 114.2 514.1¢
Table 5.11 Change in mangroves of Vagra
Duration 1978-2001 | 2001-2012
Type of industry (Area in ha
No Change Mudflat Land Total area No Change Mudflaf Land | Total area
Industry (Land based) 0.00 0.55 1064.2| 1064.83 914.26 164.11 1728671 2807.04
Jetty 0.00 26.65 0.24 26.90 13.08 3484 3.78 51.70
Aquaculture industry 0.00 4.48 0.00 4.49 1.82 22.75 29.04 5361
Saltpan industr 454.7¢ 5599.9¢ 185.2: 6239.9 5702.3! 1518.1: 76.0¢ 7296.5.
Oil based industr 0.0( 157.6 449.9¢ 607.6 402.7¢ 150.4( 333.2 886.4.
Total are: 454.7¢ 5789.3: 1699.7. 7943 8. 7034.3: 1890.2: 2170.7! 11095.2

Table 5.12 Change inindustrial area of Vagra
Ph.D. Thesis, Shreestuti Tattu (2015)
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Chapter 5

The aquaculture industry grew almost equally i mudflat as well as in the
land area. The development of this industry washmomore during 2001-2012
compared to 1978-2001.

The development of jetties or port has been onth@fmain reasons for the
development of several other industries in Vagtakea The construction of jetties
has been mostly at the cost of the barren mudfidtta a very little extent of the salt
marsh vegetation.

The land based industries developed consideramiynglthe period of 1978-
2001 and continued in 2001-2012. These industee®ldped by the conversion of

agricultural land, scrub land, barren land and atged areas.

Barren Barren
mudflat mudflat
6% _0.02%
12.65% Salt ma.rsr r ¢ EMangrove
vegetation Sal
16.74% alt marst
12.89%Saltpar vegetation
mSaltpar
mScruk
0.40% EScruk
mWaterlogged 7.89%
30%area mWaterlogged
area
12_58%83”‘3” lan: Barren lant
58.34% Agriculture 45.71% 15.71% wAgriculture
1.84% land 7.37%0.13% land

Figure 5.31 Categories convertedto ¢ Figure 5.32 Categories converted to o
well during 1978-2001 well during 2001-2012

The oil industry was one of the most devlopingusidies in the taluka. The
area converted to oil wells and associated strastduring 1978-2001 and 2001-2012
has been graphically depicted in Figure 5.31 ar82.5Agricultural land was the
major category which got converted. In additioarge part of the waterlogged area
in the north of Muler was also converted to oil Wel1978-2001. During 2001-2012
in addition to agriculture land, barren land andibavere also converted to oil wells.
Although an increase was observed in the arealnexiethis category, the rate of
increase had slowed down in 2001-2012 as compard®78-2001(Table 5.12). In
coastal wetland, the oil wells developed by chaimgéghe mangrove, salt marsh
vegetation and saltpan area.

Thus, large scale development of industries wagrebd in the mudflat and
land during 1978-2001 and the same trend contiewes during 2001-2012. The

drivers responsible for the development of the arealiscussed later.
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Chapter 5

5.1.3 LAND USE LAND COVER MAPS OF HANSOT TALUKA

The maps for Hansot taluka were prepared using dg@apbic sheets and
satellite images of the year 1978, 1987, 1997, 28%d 2012. The base map was
prepared from topographic sheets published du@vg174. Hansot taluka falls under
the topographic sheet numbers 46C/11, 46C/14 a@dlB6PIlate 5.21 shows the land
use land cover map of Hansot taluka prepared fiwantopographic sheets. Various
categories demarcated from the topographic sheehsde mudflat, shoal, mangrove,
scrub, different types of water bodies, habitatemd agricultural land. Agriculture
was the major land use category of Hansot talukdribmting about 55.18 % of the
total area. Waterbodies which included sea (23.6@%&ek (0.56%), pond (0.72%)
and river (2.52%) followed next. The areal exteinéach of these categories is given
in Table 5.13.

Class Name Area (in ha)
Mudflat 6901.3
Shoa 424.8t
Mangrovi 462.2:
Scruk 857.1!
Water body (Sei 12243.5
Creel 289.0¢
Ponc 373.0¢
River 1305.18
Habitation 400.2¢
Agriculture land 28628.54
Total area 51885.32

Table 5.13 Area covered by various land use land ger categories demarcated
from topographic sheets of Hansot
The land use land cover maps for the year 19787,19897, 2004 and 2012

are given in Plates 5.22, 5.23, 5.24, 5.25 and 3&Xpectively. The different
categories which have been demarcated from satetihiges included different types
of mudflats (sub-tidal, inter-tidal and high-tidabhoal, beach, mangroves, salt marsh
vegetation, algaeforteresia coarctata (grass), scrub, different types of natural and
artificial water bodies, barren land, habitatiorarisus types of industries and
agricultural land. A summary of the extent of magategories is given in Table 5.14.
Agriculture was the major land use throughout ilhnetseries. As shown in the Table
5.14 the extent of the coastal wetland categohesved a decreasing trend while the

built up area showed an increasing trend.
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Land use land cover map of Hansot taluka- 1973 - 74
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Land use land cover map of Hansot taluka- 1978
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Land use land cover map of Hansot taluka - 1987 @

21°35'0"N -21°35'0"N
21°30'0"N = - 21°30'0"N
Pandvai
4t
| Sbha Kharach
% i g ¥ ]
. < e
Sahol!
21°25'0"N = 21°25'0"N
L) LI L) | v L]
72°30'0"E 72°35'0"E 72°40'0"E 72°45'0"E 72°50'0"E 72°55'0"E
Legend
[] Sub-tidal mudflat [ Sparse salt marsh vegetation [] Wwater body (Sea) [[] Waterlogged area
[ Intertidal mudflat [] Moderately dense algae [ Creek [[] Habitation with vegetation
[ High-tidal mudflat [ Sparse algae I Pond [ Agricultural land
[ Beach Y Porteresia coarctata B River [ Saltpan industry
[ sShoal [ Dense scrub I Canal Scale
[ Moderately dense salt marsh vegetation [ Sparse scrub [1 Barren land 5"—'=====5==O= Kilometers
1:250000

Source: Satellite: Landsat 5, Sensor: TM and Date of aquisition: 12/01/1987
14z Plate : 5.23



Land use land cover map of Hansot taluka - 1997 @
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Land use land cover map of Hansot taluka - 2004
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Land use land cover map of Hansot taluka - 2012
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Result and Discussion

Yeal
Categories 1978 1987 1997 2004| 2012
Area in %
Coastal wetland 2028 19.75 20.76 18.1% 14.80
Water body 2532 2592 22 .59 24.70 2691
Barren land 0.37 2.04 0.91 0.81 1.04
Scrub 4.04 2.10 6.54 5.84 6.7
Built-up land 0.27 0.48 1.65 2.04 4.19
Agriculture land 49,77 49.72 47 585 48.38 46.36

Table 5.14 Distribution of manjor land use land cogr categories of Hansot
talukas across different years

5.1.3.1 Trend in Areal Extent of Different Land UselLand Cover Categories
From 1978-2012

A. Coastal wetland: Mudflats, beach, shoal, mangrove, salt marsh \atiget and
algal vegetation were the coastal wetland categaipserved in this taluka.

A.1 Mudflat: The area covered by barren mudflats, vegetatedlatsichnd mudflats
occupied by industries is represented graphicallfFigure 5.33. From 1978 to 2012,
the area of barren mudflat had decreased as iewtasr taken up by vegetation or by
industries. Thus, vegetated mudflats and industimeshe mudflat area showed

increase in their area over a period of time.

O 1976 1987 1997 2004 201Z '
Year
Barren mudfle
nVegetated mudfl:
sMudflat occupied by indust

12000 5000+
10000 | 4000 -
£ 8000 S 3000
£ 6000 1 =]
§ 4000 g 2000-
< 2000 < 1000- L t i L

'197¢ 11987 1997 2004 201z

Year
Suk-tidal mudfla Inter-tidal mudfla
m High-tidal mudfla mBeact

Shoa

Figure 5.33 Areacovered by mudflat
category in Hansot

Figure 5.34 Area covered by differen
barren mudflat categories in Hansot

A.1.1 Barren mudflat: The area of sub-tidal mudflat and shoal variedetbasn the

tidal condition of the satellite image. The deceetsthe high tidal mudflat from 1987
to 2012 was due to their conversion in to otheegaty such as vegetated mudflat or

industrial area (Figure 5.34).
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A.1.2 Vegetated mudflat: The mudflats covered by mangrove, salt marshe ageby

grass likePorteresia coarctata came under this category. Figure 5.35 shows the
variation in the areal extent of mangrove vegematibhe mangroves were found to
the west of Katpur, south of Kanthiajal and Ankamtlages. The graph depicts an
increase in the area as well as density of mangeover. Figure 5.36 gives an idea
about extent of salt marsh vegetation. While FiguB¥ shows the change in area of
algal vegetation. Figure 5.38 shows the area cdvieyethe pioneer grad2orteresia
coar ctata. In 1987 it was found in the north of Hansot talwkhere Aliabet merged
over a period of time. In 2012 this category wamfbin the south of Ankalwa village
where due to the change in the course of Kim Rigenew patch of mudflat was
formed. Thus, in the most of the cases this veigetatas closely associated with
recently formed mudflats (Bhatt al., 2008).
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Figure 5.38 Areal extent ofPorteresa
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Result and Discussion

B. Scrub: Scrub vegetation was found in north of Hansot toaong the river side as
well as along the coastline. A few scattered pachere also observed within
agricultural land. The area covered by scrub issshim Figure 5.39.

C. Water bodies: Among the different water bodies the area covéngdsea was
highest. The extent of different water bodies apgyically represented in Figure 5.40.
The area covered by canal has gradually increassadime.

D. Barren land: Barren land was found near water bodies and adgirhe coastline
and scrub. Figure 5.41 shows the area covered ogrbland.

E. Built-up land: An areal extent of this category was relativelysl@as compared to
Jambusar and Vagra talukas.
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E.1 Habitation: Habitation and habitation with vegetation showedrerease in the

area over a period of time (Figure 5.42).
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Result and Discussion

E.21ndudrial area: The area covered by industries has steadily isedeaince 1987

(Figure 5.43). Among them, the area covered by aguare was the highest and was
progressively followed by saltpan, land based itdess, oil industry and the brick

kiln industry. Saltpans were found to the northHainsot, west of Wamleshwar and
south of Kanthiajal, Ankalwa and Dhamrad villag&squaculture industry had

developed mostly at Pardi (to the north of Katpto)the south and west of Kanthijal
and to a very small extent to the south of Dhamiidage. Brick kiins had developed

south of Obha and Panjroli villages whereas lansledandustries had extensively
developed near Pandvai, Kharach and Sahol villagdsHanost town. The oil wells

were concentrated more in the land ward regionoasgpared to mudflats. They were
found in large numbers between Digas and Rohicgals. Besides these a few oil
wells were also observed to the east and west dfidéatpur and to the south of

Ankalwa village.
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Figure 5.43 Area occupied by differen  Figure 5.44 Area of agricultural land
industries in Hansot in Hansot

F. Agriculture land: Like Jambusar and Vagra this category occupiedri&semum
areal extent. Figure 5.44 shows the variation i éktent of agricultural land over
time. Except for the year 2004 it has been showiggadual decrease in extent. The
increase in 2004 could be attributed to the temyaranversion of either barren land
or scrub land to agriculture category.

5.1.3.2 Accuracy Assessment

The overall accuracy and Kappa statistics that wyenerated for each of these maps
have been given in Table 5.15. The lowest value abdgined for the year 1978. The
lower spatial resolution and the misclassificat@fnsparse scrub at a few locations

were the reasons for the low accuracy of the map.
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Result and Discussion

Year O\erall accuracy Kappa statistics
197¢ 87% 0.857¢
198 91% 0.899¢
199; 93% 0.899
2004 93% 0.8341
2012 91% 0.872(

Table 5.15 Accuracy statistics for Hansot

5.1.3.3 Change Detection of Hansot Taluka

Change detection analysis of Hansot for the dumatit®78-1997 and 1997-2012 had
resulted in 370 changed categories. Of these difegaries associated with changes in
mangrove and industries have been discussed i metiae successive text.

Mangrove Change Analyss Plate 5.27 and 5.28 show the mangrove change maps
for the durations 1978-1997 and 1997-2012 respagtivihe extent of changes
within different categories has been given in Tdhle6. During 1978-1997, major
improvement in mangrove area was observed to timhsif Kanthiajal. Improvement
was also seen south of Ankalwa and in the westatp #r villages. This improvement
was mostly due to colonization of mudflats and kseley mangrove vegetation. This
improvement continued during 1997-2012. In additiln mudflats and creeks,
mangroves also colonized areas occupied by safthma@hey also showed an increase
in density at several places. During 1997-2012,kedhrimprovement was seen in
areas to the west of Katpur, Wamleshwar and Kaljghwllages. Degradation of
mangrove was also observed during this duratidacations south of Kanthiajal and
Ankalwa villages. The conversion of mangrove td sarsh vegetation represented
the largest degradation class closely followed bysity wise degradation, and then
conversion to mudflat area to industrial area (agliare and salt pan industry) and to
a very small extent to the water body. Thus, taigka witnessed increase as well as
degradation of mangrove distributed over differamtas during the study period.
Change in the indudrial area: Aquaculture, saltpan, land based industries, oil
industry and brick kiln were the major industridsserved in Hansot. Change in the
areal extent of these industries during 1978-199Y ¥97-2012 is represented in
form of thematic maps in Plates 5.29 and 5.30. 8 8bl7 shows areal extent of the
changed categories. An increase in the areal ewtastobserved for all the industries.

The development in the brick kiln industry was dbeeven times during 1997-2012
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Result and Discussion

compared to 1978-1997. This increase was due todheersion of agricultural land,
barren land and scrub land to brick kiln area.

Land based industries expanded substantially irstluth eastern part of the
taluka near Kharach and Pandvai villages. Thisease came at the cost of
agricultural land, scrub and barren land.

Aquaculture industry showed the highest quantumgrofvth during this
period. Its increase in area during 1997-2012 (/3 ka) was about 8 times more than
that during (91.71 ha) 1978-1997. The categories Were converted to aquaculture
during 1978-1997 and 1997-2012 have been reprasémtde form of pie charts as
Figure 5.45 and 5.46. During 1978-1997 aquaculpoeds were mainly build on
barren mudflat, salt marsh vegetated mudflat, c(eeker body) and scrub to a small
extent. Whereas during 1997-2012, along with thevep parts of mangrove,
waterlogged area and barren land were also comvestaquaculture industry. Thus,
there is a need to regularly monitor the growthtlaé industry in the area if the

mangrove vegetation is to be conserved.

Barren
6% 2% Barren mudflat
mudflat mMangrove
Salt marst Salt marst
vegetation vegetation
mWater bod:
mWater bod: mScruk
EWater logged
5%
lcScrut area
L Barren lani
37% 79%
Figure 5.45 Categories converted t Figure 5.46 Categories converted t

aguaculture industry during 1978-1997 aquaculture industry during 1997-2012

During 1978-1997 and 1997-2012 barren mudflatsesgnted the major class
that was taken upby the developing saltpan indugkigure 5.47 and 5.48).
Interestingly a small part of land has also bedtertaup for the construction of

saltpans.
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Change in mangrove during 1978 - 1997 @
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Change in mangrove during 1997 - 2012 @
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Change in industries during 1978 - 1997
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Change in industries during 1997 - 2012
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Result and Discussion

: : 19761997 | 1997-201:
Categories Changed categories Area (n ha
Dense mangrov 0.0c 1.8(
No Change Sparse mangro\ 0.0c 90.9:
Total 0.0( 92.7:
Mudflat to Mangrov: 203. 1 1125.3:
Density wise improvement in mangrc 0.0c 3.9¢
Improvement Salt marsh to Mangro 0.82 8.2¢
Water bodyto Mangro 99.4( 134.0¢
Total 303.3 1271.61
Mangrove to Mudfle 0.0( 43.8¢
Density wise degradation of mangr 0.0C 63.02
Dearadation Mangrove to Salt mar: 0.0C 79.3(
g Mangrove to Water bo¢ 0.0¢ 2.9t
Mangrove to Industr 0.0C 17 4¢
Total 0.0( 206.6(
Table 5.16 Change in mangroves of Hansot
Duration 1978-1997 1997-2012
_ Area (in ha)
Type of industry
No Change Mudflat Land [ Total area No Change Mudflat Lang Total area
Brick Kiln 0 0 4.81 4.81 3.05 0.00 28.75| 31.79
Industry (Land based) 0.00 0.00 69.8 69.85 64.52 0.04 145.74 210.28
Aquaculture industry 0.00 89.40 2.30 91.71 68.59 616.74 57384 742.70
Saltpan industry 0.00 431.34 2.721 434.06 376.37 311.75 29.24 717.38
Oil well 0.00 2.52 4.42 6.94 6.42 3.26 36.20| 4587
Total area (in ha) 0.00 523.26 84.10 607.36 518.94 931.79 297.31 | 1748.03

Table 5.17 Change inindustnal area of Hansot
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Result and Discussion

A% ol 46% Barren
1%, 0.2% Barren 54510 114 mudat
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Figure 5.47 Categories converted tc Figure 5.48 Categories converted t
saltpan industry during 1978-1997 saltpan industry during 1997-2012

Oil industry had grown more than five times duri®§p7-2012 (45.87 ha) as
compared to (6.94 ha) 1978-1997. The categoriesectad in to oil well industry in
1978-1997 and 1997-2012 is represented grap hicafygure 5.49 and 5.50. As seen
below oil wells have develoed more on land comp toedteritdal areas.

8% Barren
6% mudflat
36% 0.22%
Barren mScrut
mudflat
g%r&culture Water
logged ared
64% Agriculture
C
363 land

Figure 5.49 Categories convertedto ¢ Figure 5.50 Categories converted to o
well during 1978-1997 well during 1997-2012

5.1.4 LAND USE LAND COVER MAPS OF ALIABET

Aliabet was an island in the Narmada River and datier the administrative
boundary of Vagra taluka. However over a periodioe due to substantial changes
in its geomorphology, it lost its identity as aramd and got merged with the
mainland along its southern and eastern boundegiewith the Hansot taluka. Thus,
practically, the approach of Aliabet was from Hanaod should be studied along
with this taluka. However, in order to avoid anymawistrative boundary conflicts,

Aliabet was considered as a separate entity forsthdy of land use land cover
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Result and Discussion

categories, change detection and geomorphology Afabet land use land cover
maps were prepared from the topographic sheetf@amdthe satellite images for the
year 1978, 1987, 1997, 2001, 2004 and 2012. The bwgp was prepared from the
topographic sheets published during 1973-74. Aliatmenes under the topographic
sheet number 46C/10, 46C/11 and 46C/14. Platesh8Ws land use land cover map
of Aliabet prepared from them. The different categ® marked from the topographic
sheets were mudflat, shoal, mangrove, scrub arfdrefiit types of water bodies.
Aliabet being an island was covered by water fréitha sides. The different types of
water bodies (sea, river, creeks) had a combined axtent of 50.54%. During this
period, Narmada River was flowing along the nomhseide as well as from the
eastern side of the island whereas in the westaenitswas delimited by the Gulf of
Khambhat. The island was basically a coastal wetlg80.76%) which got criss-
crossed by a number of creeks. The topographictsted®wed large patches of
mangrove (18.45%) on the island and a small pdtslerab (0.22%) in the north-east
side of Aliabet. The areal extent of these categois given in Table 5.18. It is
important to note here that the agricultural a@®&3%) mentioned in Table 5.18 and
demarcated in the Plate 5.31 is not on the islaed laut along the northern bank of
Narmada River. As this part falls within the bourydixed for Aliabet, the mapping

and area calculation was done accordingly.

Class Name Area (in ha)
Mudflat 13573.9
Shoal 2892.76
Mangrove 9876.2!
Scrub 119.6
Water body (Sea) 14577.0:
Creek 1722.3
River 10517.73
Waterlogged area 239.7:
Agriculture land 16.7¢
Total area 53536.2

Table 5.18 Area of various land use land cover cageries demarcated from
topographic sheets of Aliabet
Aliabet showed relatively large homogenous landetayasses as compared
to other talukas under study. Hence, this area @lassified using unsupervised
classification technique followed by contextualted. Plate 5.32, 5.33, 5.34, 5.35,
5.36 and 5.37 shows the land use land cover mapthdéoyear 1978, 1987, 1997,
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Result and Discussion

2001, 2004 and 2012 respectively. The contributbthe major categories in terms
of percentage is depicted in Table 5.19. Throughbattime series, the water body
has been the major category followed by coastdeweétcategory, scrub, barren land
and built-up land.

The sequence of the thematic maps of Aliabet gleadicates the progressive
merging of an island with the mainland. In 1978 rmada River flowed from the
northern as well as eastern direction of an isl&yd1987, the channel flowing from
the eastern side was filled by sediments and ttedlisma image showed presence of

grass-like (probablyPorteresia coar ctata) vegetation along the mouth of channel.

Year
Categories 1978 1987 1997| 2001 2004 2012
Area (in %
Coastal wetland 3943 4580 51.73 39.99 4544 42.03
Water bod 60.1: 52.5¢ 45 .9¢ 58.1( 51.8¢ 52.1¢
Barren lan 0.0¢ 0.0t 0.07 0.2¢ 0.1¢ 0.0¢
Scrub 0.42 1.54 2.20 1.57 2.47 4.84
Built-up lanc 0.0¢ 0.0( 0.0( 0.0C 0.07 0.8t
Agriculture lan 0.0« 0.0¢ 0.0¢ 0.0¢ 0.0¢ 0.07

Table 5.19 Distribution of major land use land covecategories of Aliabet across
different years

Apart from this the image also indicated algae & as salt marsh vegetation at
places where the island merged with the mainlandh We filing of this channel,
water from the river no longer flowed along the thaun part of the island. Hence,
the channel which was demarcated as river in 1988 hater marked as creek. The
entire coastal wetland was well dissected by credkish brought considerable tidal
water in to Aliabet. A small patch of scrub obser#e the north east side of Aliabet
also expanded considerably over time. Earlier Adtalvas not accessible during
monsoon and even for a few months after monsoous;the entire wetland area was
undisturbed for considerable period of time. Bue tconstruction of the oil well
(industrial development) along the northern side Adiabet (in 2004) and the
development of a road along with it had large impae the use of the coastal
wetland. This facilitated the development of theamlture industry and substantially

changed the land use land cover characteristitisiotoastal wetland. Recent visits
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Land use land cover map of Aliabet- 1973 - 74 @
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Land use land cover map of Aliabet - 1978 @
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Land use land cover map of Aliabet - 1987 @
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Land use land cover map of Aliabet- 1997
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Land use land cover map of Aliabet - 2001 @
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Land use land cover map of Aliabet - 2004 @
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Land use land cover map of Aliabet - 2012 @
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Result and Discussion

to this area have shown that the aquaculture imgusis developed to such a large

extent that most of Aliabet has now become acckssib

5.1.4.1 Trend in Area Extent of Different Land Useland Cover Categories
From 1978-2012

A. Coastal wetland:Mudflats, shoal, mangrove, salt marsh and alggétation were
the categories observed in Aliabet.

A.1 Mudflat: The area covered by barren mudflat, vegetated latudhd mudflat
taken up by industries and scrub is graphicallyicted in Figure 5.51.
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A.1.1Barren mudflat: Aliabet had undergone lots of changes in its gepimology . It

witnessed considerable accretion and to a smalhéxrosion as well. The variation
observed in the extent of barren mudflat categogs \iainly due to the accretion

observed in this area and variation in the tidaldoons of the satellite images. The
areal extent of each of these is shown in Figus2.5.

A.1.2 Vegetated mudflat: Figure 5.53 shows variation the area covered bygmae

vegetation over the priod of study. The area of grare was highest for the year
1978, which dropped substantially in 1987. The maway cover almost remained
constant during 1997, 2001 and 2004. There werestiewvchange in its density. A
drop was observed in the area of mangrove are@lf.Zigure 5.54 shows the area
covered by salt marsh vegetation and Figure 5.%fvshthe area covered by algal
vegetation from 1978-2012. Figure 5.56 shows thea arovered byPorteresia
coarctata (grass) on and around Aliabet. This particularetagon flourished well on

the newly formed mudflats and according to Jagtapl., (2006) and Bhattt al.,

Ph.D. Thesis, Shreestuti Tattu (2015) 167



Result and Discussion

(2008) it is also an indicator of stabilizationtbe new formed mudflats. The increase
in its areal extent in the 1978, 1987 and 1997 edppthe changes observed in
Aliabet.
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Figure 5.55 Areal extent of algae ii Figure 5.56 Areal extent olPorteresa
Aliabet coarctata in Aliabet

B. Scrub: Prosopis julifiora was the dominant plant species in this categoiguré&
5.57 depicts the gradual increase in extend ofbsgmgetation over time. A small
patch of scrub found in the northern eastern patheisland in 1978 has expanded
considerably over time. The scrub vegetation hes astablished itself on the newly
formed island north of Aliabet indicating that tkebstratum of the island had
stabilized.

C. Water bodies:Along with sea and river which are the major wdiedies in the
area, creeks and water logged areas have alsode&erated in the area. Their areal

extent and variation over time have been depictdegure 5.58.
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D. Barren land: This was found as small patches on the north masige of Aliabet
in between scrub vegetation. Extent of this categad increased from 1978 to 2001
but then decreased in 2004 and 2012 (Figure 5.%8)lyndue to its conversion into

scrub.
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E. Built-up land: Industrial area and roads were the only built-agegories found in
Aliabet.

E.1 Indudrial area: This category was first observed in the image @4and since

then they have shown continuous increase in theal &xtent (Figure 5.60). The first
industry that developed was an exploratory rigiiband natural gas. With time their
numbers on Aliabet had increased from 1 to 4. Aeoiidustry that flourished lately
in this area was the aquaculture industry. It cedean area of about 341 ha in 2012.
Field visits to the area indicated that the extdrihis industry increased substantially

even after 2012.
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E.2 Trangortation: The road network in aliabet had also improved fr2004 to
2012 (Figure 5.61).

F. Agriculture land: As indicated earlier a small land area on thenlzad

adjoining Vagra taluka fell within the boundary alfabet. The extent indicated in
Figure 5.62 falls within this area. The small vHoia that we can see has been due to
the conversion of scrub vegetation to agricultlaad.
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Figure 5.61 Area of road in Aliabe Figure 5.62 Area of agricultural land
in Aliabet

5.1.4.2 Accuracy Assessment
The value of overall accuracy and kappa statistadsulated for the maps is given in
Table 5.20.

Year Owerall Accuracy Kappa Statistics
1978 88% 0.8560
1987 88% 0.8501
1997 90% 0.8760
2001 94% 0.9183
2004 86% 0.8158
2012 92% 0.9032

Table 5.20 Accuracy statistics for Aliabet

The maps prepared for Aliabet were through unsupesivclassification followed by
contextual editing. This was one of the reasonstlier low accuracy of the maps
compared to other talukas. The lowest value of raayuwas found for the year 2004.
The misclassification in the sparse salt marshgoateat few locations with high tidal

mudflat was the major reason for the relatively éowaccuracy of the map.
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5.1.4.3 Change Detection of Aliabet

The change detection analysis of Aliabet resulie?45 change classes. As indicated
in the change detection analysis of other talula ahalysis was restricted to the
mangrove and industrial category only.

Mangrove Change Analyss The change detection maps are depicted in Pld& 5.
and 5.39. The list of change categories with rdspeenangrove is given in Table
5.21. It shows the degradation of mangrove wastivelg higher in the case of
Aliabet compared to all the other regions. During78-2001, improvement in
mangrove vegetation was mostly due to the colomraif mangroves on the newly
formed mudflats on the souther part of Aliabet.idikr trend was observed during
2001-2012. Degradation of mangrove was mainly @ueonversion of mangrove in
to mudflat and salt marsh vegetation and to & letttent in to water body (in 2012).
Another important observation was displacement ahgnove vegetation. From the
year 1978-2012, area of mangrove had shifted inhsaard direction of Aliabet,
towards the creek. The main reason for this wasgdan geomorphology of area.
Thus, natural factors were mainly responsible fgredation of mangrove vegetation
in Aliabet.

Change in the indudrial area: The first industry in Aliabet was established after
2001 and hence the change analysis has been testracthe duration from 2001-
2012. This change map has been depicted on Plfe Bhe aquaculture and oil
industries that developed on Aliabet have donetdtie cost of barren mudflats and

mudflat covered with salt marsh vegetation. Theaatenverted in to aquaculture

48% 59%

Barren

mudflat
52%

Salt marsl
vegetation

Barren
mudflat
\_41%

Salt mars
vegetatior

Figure 5.63 Categories conwted to
aguaculture industry during 2001-2012
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well during 2001-2012

171



72°35'0"E

Change in mangrove during 1978 - 2001

72°40'0"E
1

72°45'0"E

(3

21°40'0"N+

21°35'0"N=

® Aliabet

=21°40'0"N
Legend

Mudflat to mangrove
Salt marsh to mangrove
Waterbody to mangrove
Mangrove to salt marsh
Mangrove to mudflat
Mudflat

Water body

Land (Scrub vegetation)

JUOROEEN

=21°35'0"N

Scale

e [Cilometers
2 0

1: 150000

72°35'0"E

172

T
72°40'0"E

T
72°45'0"E

Plate : 5.38



Change in mangrove during 2001 -2012 @

72°35'0"E 72°40'0"E 72°45'0"E
1 ] ]

21°40'0"N =21°40'0"N

Legend

Mudflat to mangrove
Density wise improvement
Waterbody to mangrove
Mangrove to saltmarsh
Mangrove to mudflat
Mangrove to water body
Mudflat

® Aliabet Water body

JUONROREN

Land (Scrub vegetation)

21°35'0"N = =21°35'0"N

-
Scale
21°30'0"N < =21°30'0"N e [ilometers
2 0]
1:150000
72°3'5'0"E 72°4'0'0”E 72°4'5'0"E

173 Plate : 5.39



Change in industries during 2001 -2012 @

72°35'0"E 72°40'0"E 72°45'0"E
21°40'0" . . . 21°40'0"N

Legend

Mudflat to aquaculture
Mudflat to oil well
Mudflat

Water body

JUOEE

Land (Scrub vegetation)

21°35'0"Ne =21°35'0"N

Scale

e pe— i
21°30'0" N= L1 1°30'0"N 5 2 Kilometers

1: 150000

72°35'0"E 72°40'0"E 72°45'0"E

174 Plate : 5.40
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. . 1978-2001 |  2001-2012
Categories Changed categories ,
Area (in ha)
arse mangrove 0.01 0.00
No Change P J
Total 0.01 0.00
Mudflat to Mangrove 87.03 156.49
Density wise improvement in mangrove 0.00 0.01
Salt marsh to Mangrove 0.95 0.00
Improvement
Water bodyto Mangrove 149.53 64.24
Porteresia coarctata to Mangrove 18.56 0.00
Total 256.07 220.74
Mangrove to Mudflat 248.12 131.37
Density wise degradation of mangrove 0.00 0.00
_ Mangrove to Salt marsh 482.04 111.53
Degradation
Mangrove to Water body 0.00 13.17
Mangrove to Industry 0.00 0.00
Total 730.16 256.06
Table 5.21 Change in mangrove of Aliabet
Duration 2001-2012 Total area
_ Category on which industry developed Area (in ha)
Type of industry -
Barren mudflat Mudflat covered by salt marsh vegata
Aquaculture industry 176.13 165.00 341.%
Oil well 6.42 9.28 15.7¢
Total area (in ha) 182.55 174.28 356.80

Table 5.22 Change in industrial area of Aliabet
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industry and oil well in the year 2001-2012 havesrbegraphically depicted in the
form of pie charts in Figure 5.63 and 5.64 respebti Among the two industries,
aquaculture industry had occupied a substantial gfaAliabet. The extent of areal

changes in Aliabet has been given in Table 5.22.

5.1.5 DISCUSSION
Land is one of the most limiting factors in coaséatas and hence is generally
subjected to more than one use (Chauhan, 2007)y#isaf land use has become a
pre-requisite before development of any region leedhe unsustainable use of land
and its resources are considered as one of thddckyrs for the degradation of the
environmental quality on earth (Varghegal., 2010). The equilibrium of nature can
be mainted by maintaining all type of land useshsaag wetland, agriculture land and
built up land in a balanced way (Nagarajan and Botrai, 2011). The use of coastal
areas in a sustainable manner requires its propeagement in which ecological and
economic benefits can be obtained in an integrabedner (Chauhan, 2007). The
study of land use land cover and their changebecoastal areas of Bharuch district
from 1978 to 2012 have indicated major changes.uiiderstand and analyse these
changes in an efficient manner, it is necessagivide them in to homogenous units.
Thus theses changes have been discussed sepdmtalpastal wetlands, water
bodies and terrestrial areas.
5.1.5.1 Coastal Wetland Area
The coastal wetland area includes unvegetated atggfvegetated wetlands and the
industries that had developed within the wetlarehaChanges in the course of rivers
Dhadhar and Kim, change in alignment of Aliabet gmeldy namic coastal as well as
fluvial processes operating in the present stuexa arere major factors responsible
for the accretion and erosional activities prenglin this area. In addition to this, the
study area is structurally controlled by the Cambtiytrending NNW-SSE as well as
the Narmada-Son rift trending ENE-WSW (Chandra &itwdhary, 1969). The
important role played by this tectonics in the riiodiion of the coastal configuration
cannot be ruled out. The role played by these fadtave been discussed along with
the geomorphology later.

A correlation matrix was generated to understaed gtationship between the
different categories of coastal wetland with respiecthe variation in their areal
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extent. Table 5.23 shows correlation matrix for Basar, Vagra, Hansot while Table
5.24 shows the correlation matrix for Aliabet.

The LULC maps of 1978 for all the talukas showedt timvegetated mudflats
and salt marsh vegetation were the two major cassgdhat existed in the coastal
wetland area. A look at the data in Table 5.23%8d showed that mudflat showed a
strong to weak negative correlation with all thbestcategories viz., mangrove, salt
marsh vegetation and industries. This was expeasechost of the area that was
colonised or occupied by any other category wagiraally an unvegetated mudflat to
a large extent. As seen in the results earliera# the mangrove vegetation which had
colonized the mudflats first and then they weraup@ed by different industries.

The overall extent of the mangrove vegetation imrBleh district had shown
an increase from about 1194.43 ha in 1978 to 3360a2in 2012. Plantation activity
taken up by the various government and non-goventragencies (Vishwanathan
al., 2011; Mahapatrat al., 2014) and good regeneration capability Asfcennia
marina were major reasons for increase in the areal exidrere were however major
variations in the change across the four diffesmers. Aliabet has actually seen a
large fall in the mangrove cover. The mangrove ar€2012 was less than a third of
what it was in 1978. Another interesting featurgareing the coastal wetland area
was that the mangrove vegetation had mostly codmhihe intertidal mudflats while
most of the industries came up in the hightidal flatd The positive correlation of
mangrove and industrial area indicated a simultametncrease in mangrove
vegetation as well as in industrial area in Jamhudagra and Hansot. The
availability of space for the growth of both cateége was the reason for this. But, as
most of barren mudflats were later occupied by tage (mangrove or salt marsh)
or industry (salt pan, aquaculture and oilwell)y darther increase in industry would
mostly be with the loss of coastal vegetation. @é&eclopment of industries with loss
of salt marsh vegetation can be observed from dgative correlation between the
industry and salt marsh vegetation in JambusaNagta talukas. In Hansot however
a strong positive correlation is seen which carek@ained by the fact that a large
area of the mudflat was formed during the studygaleand the colonization of it by
salt marsh was taking place at the same time asdtablishment of industry in the
hightidal mudflats. Also the development of theustties in the wetland area of
Hansot is much less compared to the other twoaaluk
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Taluka
Categories Jambusar Vagra Hansot
MF MN SM IN MF MN SM IN MF MN SM IN
MF 1 1 1
MN -0.92 1 -0.80 1 -0.96 1
SM -0.2: -0.1% 1 -0.0: -0.11 1 -0.9¢ 0.9¢ 1
IN -0.54 0.83 -0.69 1 -0.89 0.81 -0.37 1 -0.89] 0.93 0.78 1

Table 5.23 Correlation matrix for coastal wetland ategories for three coastal talukas

Abbreviations: MF: Mudflat, MN: Mangrove vegetatjddM: Salt marsh vegetation and IN: Sea based imidas

Categories Mudfiat | Mangrowe | Salt marsh vegetation| Scrub | Barrenland | Sea based Industries
Mudflat 1
Mangrowe -0.37 1
Salt marsh wegetation -0.23 -0.13 1
Scrub -0.15 -0.44 0.91 1
Barrenland 0.20 -0.26 -0.07 -0.13 1
Sea based Industries -0.55 -0.15 0.89 0.90 -0.29 1

Table 5.24 Correlation matrix for coastal wetland ategories of Aliabet
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After 2001, industries such as saltpan, aquaculam@ oilwell had slowly
started to encroach on mangrove areas. The marsgroere either directly cut or they
were allowed to die by stopping the movement ofewhy filling up the creeks. This
area was then reclaimed for the construction epsak or aquaculture ponds. A large
patch of mangrove to the south of Kanthiajal (Hansaluka) and next to an
aquaculture pond was cut. The extent of cuttingtisedage of mangroves that were
cut can be seen from the diameter of the stem aitanangrove plant shown in
Figure 5.65. The destruction of mangrove areastdudevelopment of saltpan and
aquaculture industries has been reported in separtd of the world including India
(Macintosh, 1996; TERI, 2000; Anon, 2001a; Jaeigal., 2002; Jayanttet al., 2010;
Nguyen et al., 2013). The destruction of mangroves due to bsversion to
aquaculture ponds was very well documented by Maéeal., 2001; Lewiset al.,
2003; Giriet al., 2008 and Ponnambalaehal., 2012. Loss of mangroves due to the
development of saltpans has been documented byorTaydl., 2003; Nagi, 2008,
llman et al., 2011 and Lakshnat al., 2012. Though the mangrove cover had showed
an increase in Bharuch district in recent timess #lso facing degradation as well as

destruction.

Cutting of mangroves in south of Kanthiajal, Diameter of stem ofvi cennia mairna
Hansot

Figure 5.65 Destruction of mangrove in Hansot talu&

5.1.5.2 Water Bodies

The area of pond and canal showed a marked incieadeir areal extent. In the
study area, the main sources of potable water suarface water (pond/ tank), canal
or ground water (well) (Anon, 2011c). With the iease in built-up area and to fulfill
increasing demand for water, various tasks suateaegening of ponds, development
of few new ponds, repairing of wells and canals eveaken up by the local
government bodies (Anon, 2012a). In addition t@,tlais the north par of the study
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area came under the command area of the SardawvaBaMarmada project,
construction of several minor and sub-minor canatsk place. Hansot taluka fell
within the command area of the Ukai Dam where aoiesibn of several minor canals
took place. This is in line with the present fingliwhich showed an overall increase
in the canal network throughout the district. Aosiy positive correlation between
built-up area and canal also supports the abodnfys (Table 5.25). Increase in the
extent of canal was at the cost of agriculture land barren land. This observation is
supported by the negative correlation of eitherdratand (Table 5.25) or agriculture
land (Table 5.25) with canal category in the resipecdaluka.

5.1.5.3 Terrestrial Area

Agriculture was the major land use for all threastal talukas. The major agricultural
products were cereals (wheat, rice, jowar, bajaraize), pulses (mung, math, udad,
tur), ground nut, castor, sugar cane, cotton edodi?a, 2009). The correlation matrix
for some major terrestrial categories is given abl€ 5.25.

Agriculture land showed a negative correlation wititation as well as with
industrial area (Table 5.25). A very strong negatwrrelation is seen for Hansot and
Vagra talukas. When seen in the light of changedien analysis it was observed
that most of the industries as well as habitati@d ltome up at the coast of
agricultural land. The conversion of any categooy hiabitation or industrial area
became a significant transformation because theseecsions were generally non-
reversible (Faret al., 2007). The industrial development of this aress whus at the
cost of agricultural land over the period of studyhese results are in line with the
findings of other similar studies around the gl¢heagrande and Argenti, 2001; Seto
et al., 2002; Mundia and Aniya, 2005; Tatéual., 2008b;Forkuor and Cofie2011
and Mahapatret al., 2014). Breaking away from this decreasing trendome areas
like Jambusar (in 2000), Vagra and Hansot (in 2@0d) Aliabet (1978-2012) a small
increase in agricultural land was seen due to asioe of barren land or scrub to
agriculture. With development, the price of agrioudl land in this area had increased
(Shahet al., 2012). This was one of the main reasons foingedff land specifically
to make alarge income at one go. The belief thairicome generated by selling off
agricultural land for industrial development ance tbubsequent income from the
developed industry would be much higher than atjucal activity, prompted the
farmers as well as the local government bodiesll@f their land (Faret al., 2007).

In this way, large tracts of fertile agriculturenda were gradually developed into
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Taluka Jambusar Vagra
Categon | SC CN BL HB IN AL SC CN BL HB IN AL
SC 1 1
CN 0.7¢ 1 0.9: 1
BL -0.9¢| -0.8¢ 1 -05Z | -0.1¢ 1
HB 0.8¢ | 0.9¢ | -0.97 1 0.91 | 0.9¢ | -0.1¢ 1
IN 0.7z 1.0C | -0.81| 0.9¢ 1 0.8¢ | 0.9t | -0.3%| 0.9z 1
AL 0.1¢ | -05C | -0.0¢|-03¢ | -05€| 1 -0.82| -091| 0.28 | -0.85( -09¢| 1
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Table 5.25 Correlation matrix for different land categories for three coastal talukas

Abbreviations: SC: Scrub, CN: Canal, BL: BarrerdladB: Habitation, IN: Land based industries, AlLgicultural land
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industrial areas. It is however important to notkilevthis change would promote
economic growth, it would also cause a gradual ideah the availability of land
required to produce food for an ever increasingusatmn.

The extent of habitation and industrial area hadrang positive correlations
(Table 5.25) indicating their development hand @andh An increase in industries
attracts people resulting in an increase in populatnd as well as habitation
(Forkuor and Cofie2011). Population data retrieved from the 20Iisus supports
above observation. The data collected for the §8ad (Varsani, 1991), 2001 (Anon,
2001b) and 2011 (Anon, 2011b) showed consistemease in the population for
Jambusar and Vagra talukas (Figure 5.66). Hansaot sthowed an increase in the
population for the duration 1991 to 2001 howevesnzall drop in population was
observed in 2011. The population data could be etated with industrial
development. The higher industrial development aghd and Jambusar was higly
correlated with increase in population as well asber of workers from 1991-2011.
The relatively lesser development of industriesHansot along with the higher
development of industries in other talukas of Bbhrdistrict as well as adjoining
Surat district could have resulted in migrationtloé population. This could probably
be one of the reasons for the small decrease inlpopn during 2001 to 2011.

A reserved forest existed in Vagra taluka near Lgdim and Luhara villages.
This area has been very dynamic and several chavegesseen in it. A large part of it
was first convereted to scrub and then to agriceltland. It was subsequently
converted in to built up area used by industry \aidmall area getting converted back
to scrub. The demarcation of this and its adjoird@mg under special schemes such as
SEZ had been the major reason for its conversiandastrial area. In Vagra, there
existed patches of land within SEZ or GIDCs or PRGRh which industries had not
yet developed. These patches gradually got convéaescrub. This was one of the
reasons for the increase in the scrub categoryubSeegetation which is mostly
dominated byPrasopis juliflora has gradually colonized most of the barren larat ne
the coast. Some of the high tidal flats have alsenlcolonized by scrub vegetation.
This result is in line with the findings of Mahapeatet al., (2014) who reported
increase in the scrub area over a period of time.

The barren land showed a negative correlation veithub and built-up
category. The development of industries in Vagré dambusar talukas have mostly

been near the coast. As indicated earlier they hava&ly come up in areas occupied
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by barren land as well as agricultural areas. A#se have resulted in a gradual
decline in the area occupied by barren land.

Thus, the development of the industries has besmridjor cause for changes
observed in land use land cover categories ofrdeewnder study.

5.1.5.4 Drivers for the Industrialization
Bharuch district had been on of the fastest indalsdeveloping district in the state
from 1983 to 2014 (Anon, 2014a). The drivers resilda for the massive
industrialization that the study area has undergoaenentioned below.

1. Presence of “Black gold”
Construction of jetties
Passing of Delhi-Mumbai Industrial Corridor (DM I@)rough the district
Development of SEZs and PCPIR region

a > 0N

Provision of subsidies and special concessionterdevelopment of specific

coastal industries

Gujarat had been ranked first in production of erad (onshore 55.10%) and natural
gas (32.3%) in India (Anon, 2010c). In Gujarat, onagil and gas reserves are located
at Ankleshwar, Mehsana, Tapti, Hazira, Bharuch, ddan Dahej, Jambusar, Palej
and Kalol (Anon, 2010c) (Figure 5.67). In additiithese, a few isolated gas fields
are located in Dholka and Khambhat and around Alapad. Of the 11 major
locations, 6 came under Bharuch district. Thus dibfict possesses a huge reservoir
of hydrocarbons. This presence of “Black gold” @id natural gas) in its crust was
the major reason for development of petroleum agitigleum based industries in this
district. The availability of natural gas had treged rapid industrialization in this
region. The gas produced by ONGC wells in Gandhawvided feedstock to the
adjoining petrochemical based industry. This waiially developed by Indian
Petrochemical Corporation Limited (IPCL) and wa®tdaon taken over by Reliance
Industries Limited (RIL) (Anon, 2011d). The estahlnent of an LNG re-gasification
terminal by Petronet LNG Limited at Dahej furthéremgthened the availability of
natural gas (Anon, 2011d). The setting up of thérolsaim, Chemicals and
Petrochemicals Investment Region (PCPIR), spelifficdor establishment of
manufacturing facilities for domestic and exporented production of petroleum,
chemical and petrochemicals had enhanced the fatelestrialization in this area.
The PCPIR was spread over 453 sq. km of which §7km fell under Vagra taluka
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and 82 sq. km in Bharuch taluka (Anon, 2009). lsse vicinity to other existing

GIDC chemical estates, viz. Jhagadia, Ankleshwar Ranoli has also boosted its

development.
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Figure 5.67 Hydrocarbon bearing fields in Ankleshwaasset (south Cambay
basin) (Source: Anon, 2012b)

The Government of Gujarat had promoted Special @ron Zones (SEZs) in

different districts which were considered as growghgines that can boost
manufacturing, augment export and generate employ.mél March 2014, a total 57
SEZs had been approved in Gujarat, which were dpogar 10 districts. Bharuch
district had 8 SEZs of which 5 fell under Vagrauka, 1 under Jambusar, Jhagadia
and Ankleshwar talukas respectively. The SEZs &mtat Jambusar and Dahej were

multi-product SEZs whereas Vilayat in Vagra had imas sectors such as
hydrocarbon (1), pharmaceutical (1) and chemica)s The development of Dahej
SEZ limited as a joint venture of ONGC and GIDC vaasong the top 25 economic
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zones in the world (as per survey of Financial Bimébrant Gujarat-2013). Besides
this, the world’s largest copper smelter was estiagtl at Dahej in SEZ part-1l (Anon,
2010d). Thus, development of SEZs had contributéensively to the economy of
Bharuch district.

As per the Government of Gujarat report on Indestimn Gujarat (Anon, 2014a),
Bharuch stood third in number of large units impdeted in Gujarat from 01/01/1983
to 31/03/2014 and second in terms of investment eanplloyment in Gujarat state
(Figure 5.68). In addition to this, micro, smaltlamedium scale enterprises (MSME)
had played a pivotal role in industrial dispergal @verall industrial development of
the state. They have proved to be major contrisutar the economy of state
especially in terms of value addition, employmemnheayation, entrepreneurship
development and inclusive growth (Joti, 2010). Blhrpossess 12 GIDCs and 5431
units of MSM E with an investment of 219020 lakhsl @amploy ment of 64041 (Anon,
2014a). The numbers of MSME units in Bharuch distinas also increased
continuously from February 2006 to March 2014 (An2dl4a).

In 2007, the Government of India had announcedeitablishment of the Multi-
modal High Axel Load Dedicated Freight Corridor (©O)F between Delhi and
Mumbai, covering an overall length of 1483 km arasging through six states. These
six states were Uttar Pradesh, NCR of Delhi, HaayaRajasthan, Gujarat and
Maharashtra. Distribution of length of the corridodicated that among these states
Rajasthan (39%) and Guijarat (38%) together conetitinajor part of total length of
freight corridor. The main objective of DFC was dptimize the present potential,
enhance investment climate and promote the econdevelopment of the region
(Anon, 2007b). The government of India had furth@roposed establishing,
promoting and facilitating “Delhi Mumbai Industri@orridor (DMIC) along the
alignment of DFC between Delhi and Mumbai. Theorisior DMIC was to create a
strong economic base with globally competitive emwnent and state-of-the-art
infrastructure to activate local commerce, enhafoceign investments and attain
sustainable development. On the basis of the pakeigr growth and inherent
strengths of various locations along the DMIC iafloed area, 11 investment regions
and 13 industrial areas were identified from sest&ies viz., Uttar Pradesh, Haryana,
Rajasthan, Gujarat, Madhya Pradesh and Maharadhir&ujarat, 2 investment
regions and 3 industrial areas were identifiedonsultation with state government.

The two proposed investment regions in Gujarat w&learuch-Dahej and
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Ahemdabad-Dholera (Anon, 2007b). Thus, the seleafdhe Bharuch-Dahej area as
an investment region and its close proximity (50) km the Dedicated Freight
Corridor in southern Gujarat was a major drivertfoe development of this area.
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Figure 5.68 District wise projects under implemtaton in Gujarat
(IEM+LOI+LOP) from 01/01/1983 to 31/03/2014 (S ourceGraph based on data
obtained from Anon., 2014a)

Dahej is strategically located centrally within thdustrial belt to serve north,
west and central India and international destimstisuch as Middle East, Africa,
Europe and North America. It acts as a gatewayatallbcked states of India
especially north-central India. Besides this, iistahce of around 400 km north of
Mumbai and with excellent access to entire NorthstMadian hinterland is a major
reason for the development of this area (Anon, a1Bahej port and development
of new jetties had made significant contributionateelerate the industrial growth in
the Bharuch district. The old Dahej port operatgdGuajrat Maritime Board was
located to the west of Dahej village. The industmerolved in the construction of the
private jetties (from north to south) were Birla gp@r, Gujarat Chemical Port
Terminal Company Limited (GCPTCL), Adani, LNG Peteb and Reliance Dahej
Marine Terminal (RDMT). Among these, the jettieveleped by GCPTCL and LNG
Petronet were the first chemical and LNG termimdIgdia (Anon, 2013a).

In addition to this, presence of vast coastal wetlarea along Bharuch district
had promoted development of salt and aquacultwlasiny in the state. Among
different types of industries mentioned above, psait was the first established
industry in present study. In Gujarat, the producof salt had increased substantially
(Lakshmi et al., 2012) and accounts for 78.61% of total sat pobidn in India
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(Anon, 2014a). Jamnagar, Surendranagar, Bhavn&ggkpt, Kutch and Bharuch
were major salt producing districts of the stateGlujarat, Bharuch ranked"5and
contributed 8.42% of its total salt production.Bharuch the highest number of salt
industries were observed in Vagra (47 units witl@G5salt workers) followed by
Jambusar (43 units with 2700 salt workers) and Har{g units with 380 salt
workers). Amod, an adjoining taluka of Vagra alsmspessed a few saltpans (4 units
with 300 salt workers) (Anon, 2014b). This typeirmdustry had provided livelihood
to significant number of families which were econcaly backward and mostly
illiterate (Lakshmiet al., 2012). This huge production of salt in distid also
promoted the development of chemical industrieedbam this natural resource. The
industries depending on this resource were Grasum lLtd. at Vilayat, GACL (at
Dahej), Gujarat Flourochem (at Dahej), Nirma LtdQahej), Reliance India Ltd. (at
Dahej), Shri Ram Alkali & Chemical (at JhagadiyapdJnited Phosphorous Ltd (at
Jhagadiya) (Anon, 2014c).

The brackish water aquaculture industry first dgved in Guajrat during
1991-1992. As per statistics available from Comioissy of Fishers (Gandhinagar,
(Anon, 2011e)), Gujarat state possessed 89340.8Hzmspread over 10 districts,
suitable for the development of the brackish watgraculture. Of these 10 districts,
seven districts had allotted land for the developtned aquacultures. Among these
seven districts, Bharuch (1436.00 ha) stood sedoratea allotment after Navsari
(1522.44 ha). The introduction of a simplified lafehse policy for this industry,
special subsidy and infrastructure facilities bye tbovernment had boosted the
development of aquaculture industry in the varialistricts (Anon, 2011e). In
Bharuch, the maximum aquaculture ponds were obdervelansot taluka followed
by Vagra taluka (including Aliabet). Earlier, thewelopment of aquaculture pond
was started in the land which was unfit for anyeothgriculture purposes (TERI,
2000). But, as results discussed earlier indidstedevelopment expanded in to the
mangrove area and has caused degradation of masgnowHansot. Develop ment of
aquaculture has been responsible for the destructiovast area of mangroves the
world over (Jorgest al., 2002).

In addition to the above, shipbuilding is an im@ott shore based industry
which can flourish with matching infrastructure terms of rail/road connectivity,
availability of skilled manpower, proximity to supping industries/institutions.
Gujarat Maritime Board (GMB) had proposed the degweient of a cluster of Marine
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Shipbuilding Parks (M SP) along four locations inj&at state. One of those sites was
the Northern Bank of River Narmada near Dahej wHeh under Vagra taluka.
Various companies had proposed shipbuilding uritsoath of Jolva village (Sinha,
2010). In addition to this, two companies namely@Bhipyard at Jogeshwar village
(in SEZ area) and Soft Shipyard at Kaladara hagistdunctioning in Vagra taluka.

Along with this vast industrial development, thansportation facilities as
well as social infrastructure had improved markedlyhe district. Bharuch had 2838
km of metal roads connecting all villages in thetmtit. All the villages were well
connected by the state road transport facilitiesh\tie development at Dahej and its
surrounding area and to overcome the vehiculaficrpfoblems, a 50 km six lane
state highway connecting Dahej to Bharuch and tétgomal highway No. 8 was
developed. The district is connected by broad gawite all the major cities such as
Vadodara (in north) and Surat (in south). A nargamge train network was available
between Bharuch-Samni-Dahej and Samni-Jambusarg€ations. Of these, the track
between Bharuch-Samni-Dahej was converted to bgaade railway track to cope-
up with the freight traffic movement between Bhérwend Dahej (Anon, 2015a).
Along with this the social infrastructure of thestttict had also improved. Number of
primary schools (887), secondary and senior secgnsiehool (285), colleges (15)
showed improvement in the education sector comptardast decade (Anon, 2013a).
There was improvement in the education sector aediteracy rate in 2011 stood at
83.03% from 74.41% in 2001. The numbers of primdmgalth centers (38),
community health centers (14), dispensaries (4#4),lealth centers (200), allopathic
hospitals (12) and private hospitals (22) for theary 2010-2011 suggested
improvement in public health facilities.

Thus, looking at overall development in the threexstal talukas, Vagra
witnessed the maximum industrial develop ment aedetiry maximum land use land
cover changes, followed by Jambusar and HansokasluThe types of industries
developed in each of this taluka differ consideyalbh Vagra because of availability
of plenty of “black gold” petroleum, chemical, p&themical, port and salt based
industries developed substantially. In Jambusatpaal was the major industry
followed by brick kiln and other (land based indiest) and oil wells. Whereas in
Hansot aquaculture was the major industry follovegdsaltpan, other (land based)

industry, oil wells and brick kilns.
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5.2 STUDY OF COASTAL VEGETATION

Coastal vegetation is considered as an ecolodioedlsouse that is rich in biodiversity

and has high ecological value (Untawale, 1994; Baag 1994). This vegetation is
dominated by a few species that have adapted taigbes of this environment
(Zahran, 1977). Mangroves, mangrove associates,nsaish vegetation, beach or
strand vegetation are different types of coastaetation. Each of this type of
vegetation has acquired unique features to sumitbe harsh coastal environment.
In the present study two different aspects, therdity of coastal vegetation and the
structural attributes of mangroves have been ingagd.

5.2.1 DIVERSITY OF COASTAL VEGETATION

The diversity of coastal vegetation was studiechgigxtensive field surveys. The
sites selected for the study of the coastal veigetatare shown in Figure 5.69. The
vegetation types observed in the present study mearegrove, mangrove associates
& salt-marsh vegetation, sand vegetation and lagetation. Details of each of these
classes are given below.

Mangroves: These are the group of plants which have compididity to the
mangrove environment; that is they occur only imge and do not extend into
terrestrial communities (Tomlinson, 1986). A singl®ngrove speciedvicennia
marina was reported from the study area.

Mangrove associates and salt marsh vegetatioM angrove associate includes the
plants which are not inhabitants of strict mangreeenmunities and could occur in
terrestrial areas as well (Tomlinson, 1986). Whergalt-marsh vegetation includes
the group of plants which can tolerate high safiraind are under the influence of
occasional tidal inundation (Daly, 2013). The salirsh vegetation generally
occupies the high tide zone i.e. towards the lamdveide of the coastal area. Salt
marsh vegetation covered the maximum area of sideth mudflats throughout the
study areaSalvadora persica, Tamarix indica and Tamarix dioica were the common
mangrove associates observed in the present stVidgreasAduropus lagopoides,
Cressa cretica and Suaeda maritima were the common salt marsh vegetation
observed in the present study.

Sand strand vegetation:The geomorphological setting of the present stadsa

restricted the development of prominent beach feattHowever, a narrow strip of
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sandy beach was observed to the west of Lakhigaagr@) as well as Kanthiajal
(Hansot). Beach vegetation was completely absenVegra while at Hansot,
individuals belonging tolpomoea pes-caprae, Cyperus rotundus, Cressa cretica,
Borassus flabdlifer and Alhagi pseudalhagi were observed. Among these
Ipomoea pes-caprae, Cyperus rotundus and Borassus flabellifer were exclusively
found in sandy area where@sessa cretica and Alhagi pseudalhagi were found in
other habitats as well.

Land vegetation: This comprised of vegetation present on land amtigithe coastal
wetlands and within 500m area from the high wates. IThis region represented the
highest number of plants enumerated in the presady .

The list of plants observed in the present study téeir details are given in
Table 5.26. Selected plants are shown in Platest5.5.48.

Each of the above mentioned vegetation types farapecific community.
Porteresia coarctata was observed towards the sea ward side of mudfat
especially on the newly formed mudflats. Pure pedcbf Avicennia marina was
observed towards the sea ward side whereas towardst grew in association with
either salt marsh vegetation suchAgturopus lagopoides, Sesuvium por tulacastrum
and Suaeda maritima or in association withSalvadora persica and Tamarix. In
addition to these, the high tidal mudflats showkd presence of pure as well as
mixed patches of salt marsh throughout the coadBhafruch district. Among the
different species of salt marsh vegetatid@uropus lagopoides grew most
abundantly, followed bySuaeda maritima. Although Sesuvium portulacastrum was
found in all the talukas but its distribution waatively restricted to some areas. This
was followed by the growth o€ressa cretica, and few grasses lik@&duropus
lagopoides, Bolboschoenus maritimus, Sporobolus ioclados and Sporobolus
virginicus. They grew towards the landward margin of the ftidal mudflat and
showed wide distribution. This was followed by tlamd vegetation. Among the
different species of land vegetati®nosopis juliflora grew abundantly all along the

coastline and at places was observed in the higthtnudflat area as well.
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0 O e Jjeltalo O lr..‘ e O e prese . s 20 2 b ~ 5 5 5 .

Mangrovi

1 [ Avicennia marina (Forssk.) Viert Verbenacee v \ \ S/IST | Tivar
Mangrove associat

2 | Salvadora oleoides Decne Salvadorace: N S/sT | Piludi

3 | Salvadorapersica L. Salvadoraces N N T Piludi, Pilvo

4 | Tamarix dioica Roxb. ex Roth Tamaricaceae \ v N T ég?g él,alll_gilzjlirgdeh u

5 | Tamarix indica Willd. Tamaricaces v S/T | Lai, Ratilai, Panosl

6 | Tamarix aphylla (L.) H.Karst Tamaricace: N N T Lai
Salt marsh vegetatir

7 | Aeluropuslagopoides (L.) Thwaite Graminea N N N H Del, Dolar

8 | *Cressa cretica L. Convolvulacee v \ \ H [ Rudanti, Palio, Khariy

9 | Porteresa coarctata (Roxb.) Tateok Graminea N N H Dhani Ghsa

1C | Sesuvium portulacastrum (L.) L. Ficoidea \ + v H Khariyu

11 | Suaeda vermiculata Forssk. ex J.F.Gm Chenopodiace. N S Moras, Khari Lun-ni-Bhaji

1z | Suaeda maritima (L.) Dumort Chenopodiace. N \ N H/US | Moras, Mora

12 | Urochondra setulosa (Trin.) C.E.Hubk Graminea N H Nodi
Beactl-strand/sand strand vegetati

14 | Borassus flabellifer L. Palma N T Tac

1t | Cyperusrotundus L. Cyperaces v H Kaluro, Mutha, Motl

1€ | Ipomoea pes-caprae (L.) R. Br Convolvulacee N H Maryadvel, Dariani Ve
Land vegetatio

17 | Abelmosthusangulosus Wall. ex Wight & Arn | Malvacea N H Agado, Kandhel

1€ | Abelmoschusmanihot (L.) Medik. Malvacea v US | Ran Bhindi, Jangli Bhin

1€ | Abutilon pannosum (G.Forst.) Schitd Malvacea N N N Us | Balbij

2C | Abutilon indicum (L.) Swee Malvacea N, v US | Khapat, Dabali

21 | Acacianilotica (L.) Delile Mimosaceae N T | Baval Kalo Baval, Rar

Baval
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List of vegetation observed in the preser

study

Family

Jambusar Vagra Hanost Habit

Ve macular name

2z | AchyranthesasperalL. Amaranthace: H Anghedi, Anghedo, Agha
Samp-Dizo Zad, Rukh
23 | Adansonia digitata L. Malvaceae v T Rukhdo, Gorakh ambli, Cha
Ambli
* Alhagl pseudalhagi (M. Bieb.) Desv. ex E .

24 | voller & Shap. Papilionaceae \ v US | Kantalo Gochar
2E | Alternanthera sessilis (L.) R.Br. ex DC Amaranthace: N H Jar bhaji, Jar Bhang:
2€ | Antigonon leptopus Hook. & Arn Polygonaces \ C Icecream ve
27 | Apludamutica L. Graminea N N H Bhungario Ga, Fulari C
2¢ | Aristolochia bracteolata Lam Aristolochiaces N v H/US | Kidamar
2¢ | Azadiradchta indica A.Juss Meliacea N T Limda

. . . . Ropatri, Lavariu, Vith
30 | Bergia auffruticosa (Delile) Fenzl Elatinaceae N, Kharsan, Gandharo-okhrad

. . . Zerl Satodo, Vased(
31 | Boerhavia plumbaginea Cav. Nyctaginaceae N H Punamava
32 | Bolboschoenusmaritimus (L.) Palle Cyperaces N N N H Kasurt
3% | Calotropisgigantea (L.) Dryand Asclepiadace: v S Akadc
34 | Calotropisprocera (Aiton) Dryand. Asclepiadaceae v S étiado, Nano Akado, Nal
3£ | Capparisdecidua (Forssk.) Edgev Capparidace: N, v N S Kerdo, Ker:
36 | Capparis sepiaria L. Capparidaceae N S Kanthar, Kantharo
37 | Celodsia argentea L. Amaranthace: N v H Lambdi, Lampc
o , Anjan, Dhaman, Jhin

38 | CenchrusciliarisL. Gramineae N, H Dhamnu
3¢ | Chionachne gigantea (J.Koenig) Veldkanr Graminea N H GarolL
4C | Chlorisbarbata Sw. Graminea \ H Mindadiu
41 | Chloris quinquesetica Bhide Graminea N H Rushad Ghe
4z | Chrozophora plicata (Vahl) A.Juss. ex Sprer | Euphorbiaces v H Kalo Okhara
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List of vegetation observed in the preser
study

Family

Jambusar Vagra Hanost Habit

Ve macular name

Indravarna, Kokadvare

43 | Citrullus colocynthis(L.) Schrad. Cucurbitaceae \ H Kadva Indravaran
44 | Clerodendrum phlomidis L f. Verbenacee N N S/sT | Arni
4t | Clitoria annua J.Grahar Papilionaces N H Garni,Gokar!
4€ | Colocasiaesculenta(L.) Schot Aracea N N H [ Alavi, Patarveliy:
47 | Commelina benghalensis L. Commelinacest v H Gokanalo,Sishmuliy
4& | Commelinaramulosa (C.B.Clarke) H.Perrie Commelinaces N H Shishmuliyt
4¢ | Corchorusolitorius L. Tiliacea v N US | Kag Gisodi, Gunp:
5C | Corchorustridens L. Tiliaceas N N H Kadavi Chuchc
51 | Cuscuta reflexa Roxb Convolvulacee v H Amarvel, Anantve
5Z | Cyanthillium cinereum (L.) H.Rob Composita N N H [ Sahadevi, Sade
5% | Cymbopogonmartini (Roxb.) W.Watso Graminea N, H Roicha Ghas, Rosha Gl
54 | Cyperus esculentus L. Cyperacesz N N N H | Chichad
5E | Cyperus pangorei Rottb Cyperaces v v H Lahul
. o Dhantura, Kantalc
56 | Datura innoxia Mill. Solanaceae v us Dhanturo. Kalo Dhanturo
57 | Dichanthium annulatum (Forssk.) Stag Graminea N, H Zinzvc
58 [ Dinebraretroflexa (Vahl) Panz. Gramineae v H Khariyu
5¢ | Echinochloa colona (L.) Link Graminea v H Samo, Jiriu, Motujiri
60 | Eichhornia crasspes (Mart.) Solms Pontederiaceae v H Kanphutti
61 Enicogtema axillare subsp littorale (Blume) Gentianaceae H Zinku !(ariyatu, Kadvinai
A.Raynal Mamejevo
6z | Eragrodis japonica (Thunb.) Trin Graminea H Chiksi
62 | Euphorbia hirta L. Euphorbiace: N H Vadi Dudhel
64 | Euphorbia neriifolia L. Euphorbiace: N S Thor
6% | Euphorbia indica Lam Euphorbiaces N H Dudhiyal, Dudha
6€ | Euphorbia tirucalli L. Euphorbiace: v S Kharsan
67 | Fimbristylis quinquangularis (Vahl) Kuntr Cyperaces N H |-
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List of vegetation observed in the preser

study

Jambusar Vagra Hanost Habit

Ve macular name

6€ | Glinus lotoidesL. Ficoidea H Mitho okhara

6¢ | Hibiscus obtusilobus Garck Malvacea v H/US | Van Bhindc

70 | Hygrophila auriculata (Schumach.) Heine Acanthaceae v v H ?Zﬂ:ﬁsﬁﬂgp‘kham’

71 | Hyptissuaveolens (L.) Pott Labiata N H Vilayti T ulsi

72 | Indigofera oblongifolia Forssk Papilionacee v N S | zil, Ziiladi, Zildo

7% | Indigofera tinctoria L. Papilionacee \ S Gali, Nil, Gudi

74 | Ipomoea fisulosa Mart. ex Chois Convolvulacee v S/ST | Behaya, Nafatiy

75 | Ipomoea aguatica Forssk Convolvulacee N N H Nali ni Bhaji, Nada ni ve
7€ | Ischaemum rugosum Salisb Graminea v H Varelu

77 | Jatropha gossypiifolia L. Euphorbiaces N S Ratan Jy(

7€ | Judticia procumbens L. Acanthaces N, H Kari Andhed

7¢ | Lagenaria Sceraria (Molina) Standl Cucurbitaces N H Duthie,Kadri T unec

8C | Laggera aurita (DC.) Sch.Bip. ex Schweir Composita N, H Bhint Mulc

81 Iélrrgjc:ﬁnbergla muraria (Roxburgh ex D. Dor Scrophulariaceae N H E gtsﬁ;’iﬂlétiz,aé?ﬁ:{[i: -
82 | Malachra capitata (L.) L. Malvacea v v H/US | Pardeshi Bhinc

83 | Merremia emarginata (Burm. f.) Hallier f. Convolvulaceae N v H Undardi, Undarkani, Undari
84 | Nothosaerva brachiata (L.) Wight Amaranthace: N, H Bhaji

85 | Oxystelma esculentum (L. f.) Sm. Asclepiadaceae v v H | Jal-dudhi, Dudhli

8¢ | Parkinsoniaaculeata L. Caesalpiniace: N S/ST | Rambave

87 | Parthenium hysterophorus L. Compositae v US | Congrass Ghas

8¢ | Pagpalum vaginatum Sw. Graminea N H Kode

89 | Pasdflora foetida L. Passifloraceae v C Krishna Kamal

9C | Pedalium murex L. Pedaliace: v H Ubhu Gokhar

91 | Pergularia daemia (Forssk.) Chiov. Asclepiadaceae N, H gzg&ir irl#d: reg’uglﬁg:i
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List of vegetation observed in the preser

Family

Jambusar Vagra Hanost Habit

Ve macular name

92

study

Perigrophebicalyculata (Retz.) Nees

Acanthaceae

Adhedi, Lisi Adhedi, Ka

v Anghedi

9% | Phyllanthusmaderaspatensis L. Euphorbiace: N N H Bakarato, Kanocht
94 | Polygonum plebeium R.Br Polygonaces N H Ratan Jyc
9t | Prosopisjuliflora (Sw.) DC. Mimosacea N N N S/sT | Gando Bavs
9€ | Sennaauriculata (L.) Roxb Caesalpiniace: N S | Aval, Avali, Avar

- Kuvandio, Pochandic
97 | Senna tora (L.) Roxb. Caesalpiniaceae H Dadhajozad
9€ | Seshania seshan (L.) Merr. Papilionacee \ S/ST | Shevari, Jayar
99 | Sida acuta Burm.f. Malvaceae v US | Bala
10C | Solanum virginianum L. Solanaces N v N H | Bhoringni, Bhoyringr
101 | Sporobolus coromandelianus (Retz.) Kunth Gramineae N, H Vimbhdo
10z | Sporobolusioclados (Trin.) Nee: Graminea v H Khevai Gha
103 Sporobolusvirginicus(L.) Kunth Gramineae N H Khari Ghas
104 | Tephrosapurpurea (L.) Pers Papilionacee v US | Sarpankh
105| Thespesapopulnea (L.) Sol. ex Corréa Malvaceae N T Paras Piplo
10¢€ | Tricholepisglaberrima DC. Composita v H Brahm Dandi, Fishial
107 Tridax procumbens(L.) L. Compositae v H Pardesi Bhangaro
10¢& | Triumfetta rotundifolia Lam Tiliaceau v v H Zipti, Gol Zipti
109| Typha domingensisPers. Typhaceae \ \ \ H | Ghabajariu, Ramban
110| Zizphus nummularia (Burm.f.) Wight & Arn. Rhamnaceae N, v g | ChaniBor, Palera Pa

Palia, Chania Bor

Table 5.26 List of vegetation observed in the preséstudy

Abbreviations: H: Herb, S: Shrub, US: Under shilib] ree, sT: Small Tree, C: Climber

Note: 1. Vernacular names were compiled from variwources including field work.
2. Family names in the above table anpesiBenthum and Hooker Classification system.
* Plant species also observed in sandy areas oftigal in addition to their natural habitats.
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Avicennia marina and saltmarsh
vegetation growing along the creek

Pneumatophores éicennia marina

Germinating seeds @vicennia marina Seedling ofAvicennia marina

Plate 5.41 Mangrove observed in present study area
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Salvadora persica

Flowering branch oTamarix indica Closer view of flowers oTamarix indica

Plate 5.42 Mangrove associates observed in pressiudy area
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opoides and (ii) its
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(i) Adluropus lag

Salt marsh vegetation growing along

creek inflorescence

Flower of Sesuvium portulacastrum

Plate 5.43 Salt marsh vegetation observed in pregestudy area
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Iower ofuaeda maritima

Urochondra setulosa Inflorescence obJrochondra setulosa

Plate 5.44 Salt marsh vegetation observed in pregestudy area
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7 9 3 F
’ { . “" : -
W Eeri=e.. ()
(i) Flower and (ii) fruit olAristolochia
bracteolata

Inflorescence oBolboschoenusmaritimus
Plate 5.45 Landvegetation observed in present study

Flowers ofBoerhavia pIumbagi nea
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(i Flowering branch and (ii) closer view
flower of Capparis decidua

Flower ofCommellna ramulosa Flower of Corchorusolitorius
Plate 5.46 Land vegetation observed in present styérea
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o

perus rotundus

% S

Fruits oflndigofera oblongifolia I pomoea p&c—capra
Plate 5.47L.and vegetation observed in present study area
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) Phyllanthusmaderaspatenss and (i) ts
flower

Flowers and fruits ofTriumfetta rotundlfolla Flower and fruit oﬂ'ephroa uurea
Plate 5.48Land vegetation observed in present study area
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A total 110 species belonging to 88 genera andagilies are being reported
in the present study. Among the 37 families, thghdést number of species belonged
to Gramineae followed by Malvaceae (Figure 5.70mofg the 88 genera, highest
numbers of species were reported for the gdfuphorbia, followed by Cyperus,
Soorobolus and Tamarix. The present study has indicated 45 new recordheo
coastal flora of Bharuch district. These mainlylude Abutilon pannosum, Adansonia
digitata, Bergia suffruticosa, Boerhavia plumbaginea, Bolboschoenus maritimus,
Cenchrus ciliaris, Chionachne gigantea, Chrozophora plicata, Commelina ramulosa,
Datura innoxia, Euphorbia indica, Hibiscus obtusilobus, Hyptis suaveolens,
Nothosaerva brachiata, Parkinsonia aculeata, Paspalum vaginatum,
Pedalium murex, Sesbania sesban, Tamarix aphyila and Trichol epis glaberrima. The
total number of plants reported for Jambusar, Vagre Hansot taluka were 50, 55
and 56 respectively. Although the numbers of pldatseach of these talukas were
nearly same, the plants observed in each of thals&as were quite different.
Analysis of the Sorenson index calculated for JaabuVagra and Hansot taluka
showed very low values of similarity index. The #amty index provides a
guantitative measurement for comparing two popateti(Chuang, 2012). This index
is very important in showing similarity between twidferent stands of vegetation
(Snyder and Boss, 2002; Ambasht and Ambasht, 20@®)e 5.27 shows the values
for similarity index which emphasizes the distimature of vegetation in all three

coastal talukas.
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Figure 5.70 Distribution of diversity across diffeent families

Bhagwanani (1980) had conducted a study of veget@iresent in the coastal

area from Khambhat to Umargam. She had reportedl 6@tL species belonging to
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415 genera and 109 families. The large coastacstifieom Khambhat to Umargam
and consideration of all observed plants withis trea seems to be the major reasons
for higher numbers of plants reported by her. Adgteonducted by GEC (Anon,
2011c) had reported 313 plants for the coastakaalwf Bharuch. Their list not only

included the diversity of the coastal region bgbahcuded the entire terrestrial area.

Taluka | Jambusar Vagra Hansotl
Jambusat 1.000¢(

Vagra 0.381( 1.000(

Hansot 0.339¢ 0.486¢ 1.000(

Table 5.27 Sorenson Similarity Index matrix for coatal talukas of Bharuch
district

The fact that the present study restricted thenisof plants to 500m from the high
water line could be one of the reasons for 110 ispdo be listed in present study.
Among these, a few plants such &hagi pseudalhagi (Gujarat, Goa and
Maharashtra),Suaeda fruticosa (Gujarat and Andhra Pradesifjaeda maritima
(Gujarat and West coast) amdmarix aphylla (Gujarat and Andhra Pradesh) has been
listed as restricted plants (Anon, 2015b)ochondra setulosa was earlier listed as
indigenous plant for West coast and specificallyGigarat (Stanley, 2004; Rana and
Ranade (2009) and G al., 2015).Bergia suffruticosa, Nothosaerva brachiata and
Tamarix dioica have been reported as rare plants (Anon, 2015b3id& this,
Tricholepis glaberrima has been reported as endemic and rare plant fardbstate
(Shah, 1978; Nagar, 2015).

5.2.2 MANGROVE PHYTOSOCIOLOGY

Avicennia marina was the only true mangrove observed in the studg. & ransects

were laid down in the mangrove area of Jamdi, Devigra, Katpur and Kanthiajal

villages of Bharuch district and their details green in Table 5.28. In case of Vagra,
transects were laid along the west coast betweankaél and Aladra villages. The
length of transects was variable on account of élemsek network as it was not
possible to cross some creeks even in low tides Tvas one of the reason why
transects were not possible in some areas. Itpoiitant to note here that although
importance was given to mangrove vegetation ateglachere salt marsh vegetation

were encountered in the quadrates, it was alsmtiak® consideration.
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. Length
Sr. No. Location Start Lat. /Long. | End Lat. / Long. m)
m
1 Jamdi 22°08'03".00 | 22°08'07".06 | 300
(Isanpura) 72°32'47".02 E | 72°32'41".26 E
Jambusal
21°59"46".02 | 21°59"477.96 |
2 Devla 200
72°31'10".00 E| 72°31'01".97 E
21°51'09".99 | 21°51'09".99I
3 Vagra Vagra 170

72°36'21".99 E| 72°36'16".00 E

21°31'23".99 | 21°31'23".00 |
4 Katpur 150
72°41'25" 99 E | 72°41'19".99 E

. 21°26'46".04 | 21°26'39".98 |
5 Kanthiajal 200

72°39'44".01 E| 72°39'40".99 E

Hansot

Table 5.28 Detalls of transects along the coast B&hruch district

5.2.2.1 Structural Attributes of Mangrove

This included collection of data for height, diaeretand distance between the
individual plants. Data showed much variation itriatites such as height, diameter
and distance across the villages as well as irkaaluAmong the five sites the
mangrove of Kanthiajal showed the highest valuesheght (250 cm) diameter
(16.18 cm) and distance (450 cm). The lowest vafueight (30 cm), diameter (4.85
cm) were observed for Devla where as the leasamiist (10 cm) was recorded for
Vagra. Figure 5.71 shows the variation in height ¢hameter (b) and distance
between two plants (c) respectively. Among fivdatiént villages, Kanthiajal showed
much higher value while Devla showed relatively éowvalue for all three
parameters.

The data was statistically analyzed with help aher’s test (Ftest) to know
the significance of variation between the villagédambusar and Hansot talukas and
ANOVA to know overall variation among the five dljes respectively. The results
of F test suggested that there was significanewdiffce in the height (frp355= 11.77,
p<0.05), diameter (fpsss= 20.65, p<0.05) and distance(fzss= 9.52, p<0.05) of
mangroves of Jamdi and Devla villages of Jambuakluka. Similar results were
obtained for diameter (fys9= 13.35, p<0.05) and distance#fsq= 2.03, p<0.05)
for the villages of Hansot taluka. However thereswna significant difference in the

height (R7g59)= 1.42, p>0.05) mangroves of Kanthiajal and KatpAirsignificant
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variation was observed within and across the diffevillages and talukas (Figure
5.71) and could be viewed from the results obtaifredh ANOVA test for the
parameters like height (F3s= 27.09, p<0.05), diameter (Fss6= 72.37, p<0.05)
and distance (fr 366= 17.86, p<0.05).
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Figure 5.71 Variation in different structural attri butes of mangrove across five
different sites

The above data was also used to calculate otheugavariables such as absolute
frequency, tree density per hectare, basal arean mistance, complexity index and
their results are summarized in Table 5.29 and.5A8ong the five sites, the highest
basal area was observed at Kanthiajal followed layplr, Jamdi, Vagra and Devla.
Whereas reverse was the case in terms of absogrisityd. The present finding
showed a density of 5189 - 30795 stems/ha for Jsambtaluka, 10197 for Vagra
taluka and 4777 - 11178 stems/ha for Hansot talskaearlier study by GEC (Anon,
2011c) on the mangrove density for Jambusar, VaggaHansot taluka had reported
a density of 6440.1, 4620.0 and 5400.1 stems peesectively. Findings of the

present study showed a much higher density for thk three talukas.
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Village Sampling Total Absolute density d?g?;:]nce Basalzarea Md(-:ilgr?;tt:rr]d Mean height | Complexity
point Quarters | (no. of stems/ha) (In cm) (In m</ha) (In cm) (In cm) Inde x
Jamd 3C 12( 5189.2. 129.2 13.1¢ 5.6¢ 100.1( 0.6¢
Devle 2C 8C 30794.8 48.9¢ 7.5¢ 1.7 53.1% 1.2¢
Vagra 17 6¢& 10196.9 99.0:¢ 8.7¢ 3.31 71.7¢ 0.64
Katpur 1t 6C 111781 94 5¢ 14.9: 4.12 92.8: 1.5F
Kanthiaja 2( 8C 4776.8. 144.6 294! 8.8¢ 123.0( 1.7:

Table 5.29 Different variables calculated for studyarea

No. Name of species Absollzltﬁ 1(‘;:9)quency EArt]J(s).()Ll;t;edﬁ]rlssﬂig) Relatiz/ler:] for/i:)quency Rela(til\r/]eo/(:)ensity

Jamdi DeMa Jamdi DeMa Jamdi DeMa Jamdi DeMa

Aeluropus lagopoides 13.3: 5.0( 648.6 521.9 12.9( 4.7¢ 10.8: 1.2t

2 Suaeda nudiflora 3.3 25.0( 149.6¢ 10438.9 3.2¢ 238’ 2.5( 25.0(

3 Avicenniamarina 86.67 75.0( 5189.2: 30794.8 83.87 71.4: 86.67 73.7¢

Table 5.30 Absolute and relative frequency and deitg values for Jambusar taluka
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The mean distance among the plants was highesamthigjal followed by Jamdi,
Vagra, Katpur and Devla. The Mean height of mangnas very high for Kanthiajal
followed by Jamdi, Katpur, Vagra and Devla areas.

These structural variables have strong relationsiitip each other and same is
represented in form of a correlation matrix in Te@abl31. It shows significant negative
correlation of density with mean distance, basehand height whereas a significant
posiive correlation is observed between basal anehmean distance, mean height
and mean distance, mean height and basal area.r&laisonship was apparent
because, as the density decreases, the compébititime nutrients or resources would
decrease. As a result of which an individual coget more nutrients or resources
compared to the dense vegetated area and therelsedhigh value of basal area
and height parameters. Same was the case with ¢ha distance as mean distance
increased between the plants, competition woultk$e for the nutrients or resources
and therefore basal area and height would be isetkalrhese variables are very
important to predict the age of a vegetation st@hdia and Coutinho, 2012). As the
age of the plant increases there can be two plitgssofor their growth or survival.
These are (1) the number of individuals per urehatecreases and (2) the number of
individuals remains same by not increasing theissnaith age (Chapman and Reiss,
1995). In the first case, with the age, due to cetition for the resources, some plants
are out-competed and die. This process is knowseléghinning. In the second case
with the age number of plants remains the same thed competition for the
resources continues. In such circumstances, thegp&void self-thinning process by
not increasing their mass with age. Thus, in thsé case the plants would show

stunted growth.

Absolute Mean Basal| Mean stand Mean
Parameter density | distance area diameter height
Absolute density 1
Mean distance -0.94 1
Basal area -0.5¢ 0.7¢ 1
Mean stand diameter -0.71 0.9: 0.9¢ 1
Mean height -0.8¢ 0.9: 0.9( 0.9¢ 1

Table 5.31 Correlation matrix for different variabl e

In the present study self-thining may have beespoesible for the less
number of stems/ha and high values of height a$ agebasal area at Kanthiajal as

well as Jamdi. The high numbers of stems/ha atdDwith relatively very low values
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of height, basal area and mean distance, suggasthitse mangrove plants might be
young in age and may not have reached maturity VRgra and Katpur, the number
of individuals were relatively less (as compareddevia) and their relatively high
values for the mean distance, basal area and neghtlsuggest that they were of an
intermediate age.

Complexity index is an important parameter thatndsf the complexity or the
structural development of a stand. Several stutkesbeen carried out wherein the
type of mangrove is defined based on the valuémsél area, density and complexity
index of a mangrove stand (Palal., 1977; Flores-Verduget al., 1987; Arreola-
Lizarragaet al., 2004; Jayakodyt al., 2008; Bosireet al., 2014). The values of
complexity index were very low for all the selectatthges of Bharuch district. The
values of basal area, density and complexity indeicate that the mangroves of
Bharuch district are of fringe and dwarf type. Tdeme in line with the results
obtained by Flores-Verduget al., (1987) and Arreola-Lizarragat al., (2004)
wherein they obtained similar values for the comipjeindex for mangroves of El
Verde Lagoon on the coast of Mexico and Gulf ofifGalia, Mexico respectively.
Among the five sites the highest complexity indeaswobserved for Kanthiajal
followed by Katpur, Devla, Jamdi and Vagra. Theggh lvalues at Kanthiajal and
Katpur were greatly influenced by its high basalaarf-rom the size class distribution,
mangroves of Katpur were younger as compared tal{agal. The complexity index
also indicates the disturbances in the mangrova. akecording to Kairoet al.,
(2002); Obadet al., (2004); Walters (2005); Bandeienal., (2009) and Bosiret al.,
(2014) stand stem density, basal area and compl@xtices tend to be lower in
disturbed forests and the low values of basalargalow values of complexity index

reflected human pressure in the area. In the presemy, high disturbance in

mangrove area was observed at Vagra and Kantbagad on field survey and from
change detection studies. The low values of basal @d complexity index observed
for mangroves of Vagra also confirm their high disance. In addition to

phytosociology, satellite images can also be usedetrieve the age of mangrove
stands. A comparison of the available satellitegesaof different years starting from
1978 to 2012 showed that among these five sites,gmaes were observed first at
Kanthiyajal (very dense patch), Katpur (very sppend Devla (very sparse) in the
year 1997. This was followed by their appearancdaandi and Vagra in the year
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2003 and 2010 respectively. This indicated thercddge of mangroves of Kanthialjal
and Katpur followed by the mangroves of Jamdi, Deaad Vagra areas.

Maps prepared from the satellite image of 2012 (FBI.ISS Ill) showed that
mangroves of Bharuch district covered an area dd38q. km of which 3.49 sq. km
was very dense mangrove, 9.72 sq. km was denseravanand 26.39 sq. km was of
sparse mangrove. The above mentioned area wadewgtsias per the administrative
boundary of present study. But, due to the chamgke course of the river Kim, new
mudflats were observed in the south of Hansot talliigure 5.72). These mudflats
fell outside the administrative boundary of Hantatuka but were attached to the
terrestrial area of Hansot rather than Olpad tabik8urat district. These areas were
later occupied by the mangrove. Hence, if thesegnoaes were considered the total
mangrove area of the district would increase t628qg. km of which 3.50 sq. km of
very dense mangrove, 9.97 sq. km of dense man@gmde27.15 sq. km of sparse

mangrove area.

Map for the yea 197¢ Map for the yes 201
] sub-tidal mudflat [ Mangrove vegetation [ Creek B Ol well
[ Intertidal mudflat ~ [[0] Salt marsh vegetation  [[0] Waterlogged area [==] Administrative boundary
% High-tidal mudflat E Algal vegetation I:I Land
:] Shoal Porteresia coarctata I:l Aquaculture industry
:l Beach [] water body - Saltpan industry

Figure 5.7z Change in the course of Kim rive

GEER (2009) had used Landsat 3 (year-2005) daaantify the mamgroves of Gulf
of Khambhat and South Gujarat coast (Pandey anddyar2009). According to their
results, the total area of mangrove of Bharuch 5¢ag0sq. km of which area of 39.50
sg. km of dense mangrove and 11.20 sqg. km of spaasgrove. This value was far
away from the findings of present study as welfrasn the number depicted in FSI
report for the year 2013. Pagtlal., (2014) had used LISS IIl data of"28an-2006,

for the analysis of mangrove area. They found 4246km area of mangrove of
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which 15.47 sqg. km of dense mangrove and 26.9%maf sparse mangrove. Forest
survey of India had assessed the mangrove covierdat since 1987. These reports
for the last several years indicated the continunasease in the mangrove cover of
Bharuch district.As per their recent report “Indiate of Forest report 2013” Bharuch
possessed total 44 sg. km of mangrove area of whiclsq. km area of dense
mangrove and 28 sq. km of sparse mangrove (AnalB3I®0 Figure 5.73 depicts the
comparison of the results of present study witkéheports.

Thus, present study area was represented by ongrawan five mangrove
associates, seven salt marsh plants, three samtlatieg and ninety four plants of
land vegetation. This showed increase in diversityhe species as one move from
seaward to landward side. This is similar to tineliigs of Nebbia and Zalba (2002)
and Monserraét al., (2012) which showed higher biodiversity along tiff or dune
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Figure 5.73 Comparison of mangrove cover

region as compared to tidal mudflats in Argentiifde analysis of structural
parameters of mangroves for Bharuch district shomegdh variation in values of
height, diameter and distance between the twop@mong all the sites and talukas.
The variation observed in vegetation across thaledas could be due to age of stand,
variation in rainfall, geomorphology and sedimeihta@cteristics of these areas.
These parameters play an important role in vanatibserved in the vegetation stand
(Pooletal., 1977; Kathiresan, 2010; Bhatt, 2013). Amongehgarameters, rainfall is
discussed here whereas geomorphology and phys@oichl characteristics of
sediments are discussed later. The rainfall dallacted for the present study area
(2003-2013) is represented graphically as Figuré.5.
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Talukas of Bharuch District

Figure 5.74 Rainfall pattern across different talukas of Bharuch district from
2003-2013 (source: Anon, 2014b)

Among the three talukas (indicated by red lineshklesar showed relatively
less rainfall compared to Vagra and Hansot. Thigdcbe one of the reasons for the
variation observed in the vegetation pattern. Tdbservation about data of rainfall
was also in agreement with the results obtainedifoilarity index which showed the
vegetation of Vagra and Hansot to be more simdengared with Jambusar.
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5.3 PHYSICO-CHEMICAL  ANALYSIS OF COASTAL
SEDIMENTS

Granulometric as well as chemical analysis of @las¢diments were carried out

under the present study. Figure 5.75 shows sitested for the collection of coastal
sediments. The detail of each of these parametetiscussed below.

5.3.1 GRANULOMETRIC ANALYSIS OF COASTAL SEDIMENTS

The results obtained from grain size analysis &@ws in Table 5.32 and their

graphical representation in form of triangular dsgayg is given in Figure 5.76. It is
important to note here that the sample number atditat several places that follows

pertain to the sample number incated in Table 5.32.

Taluka Sample No. (ir?";[A)) (%Ia%) (Isnaf,‘/f) Texture Class

1 Sarod 93.87 4.7 1.43 Silt
2 Kavi 1 7227 | 2752 0.21 Clayey silt|
3 Kavi 2 7453 | 2482 0.65 Clayey silf
4 Kavi 3 69.13 | 3047 0.4 Clayey silt
5 Kavi 4 18.8 7.55 73.65 Silty sand

Jambusal 6 Degam 56.8 32.4¢6 10.74 Clayey sif
7 Jamdi 1 64.93| 34.34 0.72 Clayey sift
8 Jamdi 2 69.67| 2352 6.81 Clayey sift
9 Devla 1 64.37| 35.24 0.34 Clayey siff
10 Devla 2 49.6 49.69 0.71 Silty clay
11 Tankari 1 76.87 1472 8.42 Silt
12 Tankari 2 6647 3318 0.35 Clayey sift
13 Muler 68.87 | 28.75 2.39 Clayey sili
14 Gandhar 1 69.13[ 29.9b 0.92 Clayey sfit
15 Gandhar 2 7153 26.64 1.83 Clayey sjit
16 Lakhigam 1 0 4.82 95.74 Sand
17 Lakhigam 2 53 33.86 13.14 Clayey sift

Vagra | 18 Luhara 1.13 3.42 95.45% Sand

19| Ambhetasezl 718 16.3 119 Sandy silt
20 | Ambheta sez 2 31.39 4685 2211 Sand-silt-clay
21 Kaladara 1 6113 38.1p 0.74 Clayey s‘lt
22 Kaladara 2 48.8 47.3 119 Clayey sit
23 Kaladara 3 344 60.38 5.22 Silty clay
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Silt Clay Sand
Taluka Sample No. (in %) | (in %) | (in %) Texture Class
24 Aliabet 1 79.8 1791 2.29 Silt
25 Aliabet 2 56.8 42 .94 0.26 Clayey silf
26 Katpur 5853 41.27 0.2 Clayey silf
27 Kanthiajal 1 0 2.67 98.13 Sand
28 Kanthiajal 2 574 4252 0.08 Clayey sik
29 Kanthiajal 3 504 4944 0.16 Clayey sik
Hansot -
30 Ankalwa 1 50.8 48.44 0.71 Clayey sik
31 Ankalwa 2 46.23 53.53 0.24 Silty clay
32 Dhamrad 1 4393 55.8B 0.24 Silty clay
33 Dhamrad 2 4993 49.8B 0.24 Clayey s‘lt

Table 5.32 Detalls of textural classes for variousamples

The textural soil triangular diagram gives an idéahe proportion of three
components i.e. silt, sand and clay in a soil sanipthe result showed that most of the
sediments fell in the clayey silt textural clasioiwed by silty clay, sand, silty sand,
silt and Sand-silt-clay (Sansicl) (Figure 5.76)isTtriangular diagram gives an overall
picture about the textural class, but to have mfdion at individual village level
along with the weight percentage of different fiaes of sediments; data was
represented in form of histogram. The histogranmwaitsingle peak (with high weight
percentage of single class) shows unimodal nathexeras with two or more than that
shows bimodal or polymodal nature respectively KFahd Ward, 1957). The
histograms of the current samples indicated a -clksymmetrical nature for
distribution of grain size and showed dominancdinér particles as compared to
coarser particles. Table 5.33 depicts unimodal wnodal nature of sediments
whereas Figure 5.77 shows (a) unimodal and (b) Bahmature of sediments

respectively.
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Histogramr Histogram
Taluka Sample No. type Taluka Sample No. type
1 Sarod Bimodal 18 Luhara Unimoda
2 Kavi 1 Bimodal 19| Ambheta sezl Bimoda
3 Kavi 2 Bimodal 20| Ambheta sez2 Unimodal
4 Kavi 3 Bimodal 21| Kaladaral Bimodal
5 Kavi 4 Unimodal 22| Kaladara 2 Unimodal
6 Degam Bimodal 23| Kaladara 3 Bimodal
Jambusal
7 Jamdi 1 Bimodal 24 Aliabet 1 Bimodal
8 Jamdi 2 Bimodal 25 Aliabet 2 Bimodal
9 Devla 1 Bimodal 26 Katpur Unimodal
10 Devla 2 Bimodal 27| Kanthiajall | Unimoda
11 Tankari 1 Bimodal 28| Kanthiajal2 [ Unimoda
12 Tankari 2 Bimodal 29| Kanthiajal3 | Unimoda
Hansot
13 Muler Bimodal 30| Ankalwal Unimoda
14| Gandhar 1 Bimodal 31| Ankalwa 2 Unimoda
Vagra | 15| Gandhar 2 Bimodal 32| Dhamradl Unimoda|
16| Lakhigam1l | Unimoda 33| Dhamrad 2 Unimodail
17| Lakhigam2 | Unimoda

Table 5.33 Interpretation of histogram type for setmnents of various samples
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Figure 5.77Graphical representation of percentage of variousrgin size
indicating (a) unimodal and (b) bimodal nature of ediments
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5.3.1.1 Statistical Analysis of Grain Size Data

Various statistical parameters such as graphic mse&am standard deviation, graphic
skewness and kurtosis were used to analyse the giz¢ data. The individual
analysis of each parameter is described first bad their interpretation is discussed
later.

Graphic Mean size:

Graphic mean size gives an idea about central beyder the average size of
sediments (lrudhayanathahal., 2011). It is influenced by the source of supefy
sediments, velocity of transporting agent, shape specific gravity, composition,
durability, resisting nature of sediments and amowh tossing during the
transportation (Singarasubramanignal., 2006; Kumar and Patterson, 2008). The
values of mean size for different villages and tlagierage, minimum and maximum
values are given in Table 5.34 and their graphieptesentation is given in Figure
5.78.
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Figure 5.78 Graphical representation of mean sizeof the coastal talukas
Standard deviation:
Graphic standard deviation measures the sortirggdiments. Sorting has an inverse
relation with the standard deviation. Sorting efliments is influenced by degree of
turbulence, velocity of transporting agent, hydnoayic properties, nature of
sediments supplied to the depositional environnaemt rate of supply of detritus
(McKinney and Friedmann, 1970). Sediments colleategresent study showed
poorly sorted nature followed by very poorly torerely poorly sorted nature of
sorting (Figure 5.79).
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Figure 5.79 Graphical representation of standard deiation for the coastal
talukas

Skeweness:

Graphic skewness is a measure of symmetry of thie-gize distribution curve. It
gives an idea of predominance of the coarser er sediments (Goswami and Ghosh,
2011). Data for the skewness is shown in Figu8® &nd Table 5.34. Comparison of
skewness values with the classification system @sed by Folk and Ward (1957)
and Cadigan (1961) showed that skewness valuearples fall in strongly fine

skewed, fine skewed, near symmetrical and strocmfyse skewed classes.
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Figure 5.80 Graphical representation of skewness ffthe coastal talukas

Kurtosis:

Graphic kurtosis () is the peakedness of distribution. It is a quatitie
measure used to describe departure from normafitgisiribution. Kurtosis is a
measure of concentration of frequencies withindéetral part of distribution relative
to the concentration in the flanks. Thus, it isatiar between the sorting in ‘tails’ and

central portion of the curve. If sorting in centpairtion is better than tails, the curve
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is excessively peaked and termed as leptokurti@il§ are better sorted than central
portion, then the curve termed as platykurtic &rseiting is uniform both in tails and
central portion then termed as mesokurtic (GosveendiGhosh, 2011).

The values of kurtosis for the different statioms shown in Table 5.34 and
represented in the form of scatter plot in the FEidoL81. The majority of the samples
were very platykurtic, followed by platykurtic, n@aurtic and leptokurtic condition
(Table 5.35).
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Figure 5.81 Graphical representation of Kurtosis fo the coastal talukas

Bivariant plots:

The inter-relationship of specific size-parametanes significant in the interpretation
of various aspects of depositional environmentKRold Ward, 1957; Passega, 1957,
Friedman, 1961, 1967; Moiola and Weiser, 1968; &isi969). Scatter plots convey
important information for understanding geologicsignificance of grain size
parameters (Karude al., 2013). Scatter plots between certain grain pa&meters
are helpful to interpret the energy conditions, imedof transportation, mode of
deposition etc (Ganesh al., 2013). In present study, various combinationshsas
mean size vs standard deviation, mean size vs #Hgsymnmean size vs kurtosis,
skewness vs standard deviation, skewness vs ksirtasitosis vs standard deviation
and skewness vs normalized kurtosis were used tterstand the relationship
between different size parameters. Here the sanfidesall the three talukas were

plotted on a single bivariate plot to understané tiklationships more clearly
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. M, | o | Sk | Kg Verbal term of Parameter
Taluka Village (in ) M, o Sk, Ko
Saroc 5.0( 1.9; 0.5¢ 0.5¢ Csl P SF¢< VPK
Kavi 1 5.6¢ 1.7(¢ 0.5¢ 0.51] Msl P< SF¢ VPK
Kavi 2 5.4, 1.8¢ 0.5¢ 0.5¢ Csl P< SF¢< VPK
Kavi 3 5.6: 1.7¢ 0.6( 0.5( Msl P¢ SF¢< VPK
Kavi 4 0.5¢ 4.4 0.12 0.6¢ Cse EP¢ F< VPK
Degan 5.6( 2.01 0.2¢ 0.57 Msl VP < F< VPK
Jamdi ! 5.6¢ 1.9t 0.4 0.5¢ Msl P¢ SF¢ VPK
Jambusail Jamdi : 5.42 2.0: 0.3i 0.5i Csl VP S SF< VPK
Devla : 6.3¢ 1.6t -0.0¢ 0.5t Msl P¢ NSy VPK
Devla - 7.1( 1.5C -0.81] 0.7¢ Fsl P¢ SCS PK
Tankari : 4.7 2.4- 0.3¢ 1.3t Csl VP S SF¢ LK
Tankari : 5.7 1.82 0.3¢ 0.5¢ Msl P¢ SF¢ VPK
Averagi 5.2t 2.1C 0.2¢ 0.6¢ Csl VP S F< VPK
Minimum value 0.5¢ 1.5C -0.81] 0.5( Cse P¢ SCS VPK
Maximum valu 7.1( 4.4 0.6( 1.3t Fsl EP¢ SF¢< LK
Muler 5.72 1.8C 0.4: 0.5¢ Msl P SF ¢ VPK
Gandhar 5.7¢ 1.7¢ 0.3t 0.5t Msl P SF¢< VPK
Gandhar 5.4¢ 1.97 0.4( 0.5¢ Csl P¢ SF¢ VPK
Lakhigam : 3.7 4.6¢ -0.8¢ 0.51 VFsa EP¢ SCs VPK
Lakhigam : 5.3 2.4] 0.11 0.6¢ Csl VP& SF¢< VPK
Luhare 1.4, 4.3 0.4 0.5¢ Cse EP¢ SF ¢ VPK
Ambheta sez 5.1( 2.12 0.52 0.5¢ Csl VP& SF¢< VPK
Vagra Ambheta sez 6.4( 2.3 -0.7 0.72 Msl VP& SCsS PK
Kaladara 6.0¢ 1.8¢ -0.0¢ 0.61 Msl P¢ NSy VPK
Kaladara 6.4: 2.3¢ -0.7¢ 0.8 Msl VP& SCS PK
Kaladara 7.1( 1.4: -0.82 0.7¢ Fsl P< SCs PK
Aliabet 1 5.2 2.0: 0.4¢ 1.22 Csl VP S SF¢ LK
Aliabet 2 6.6( 1.7 -0.51] 0.5¢ Fsl P< SCsS VPK
Averagi 5.41 2.3¢ -0.0¢ 0.6¢ Csl VP& NSy VPK
Minimum value 1.4 1.42 -0.8¢ 0.51 Cse P¢ SCS VPK
Maximum valu 7.1C 4.6¢ 0.52 1.2z Fs| EP¢ SF¢ LK
Hansao Katpui 6.7: 1.4; -041 0.5¢ Fs| P SCE€ VPK
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. M, | o | Sk | Kg Verbal term of Parameter
Taluka Village (in ) M, o Sk, Ko
Kanthiajal : 4.3( 3.7¢ -0.8¢ 0.5¢ VFsa VP < SCS VPK
Kanthiajal 6.8( 1.5] -0.52 0.5¢ Fsl P SCs VPK
Kanthiajal : 7.4( 1.2( -0.7¢ 1.0] Fsl P SCS MK
Ankalwa : 7.21 1.3] -0.77 0.8¢ Fsl ps SC< PK
Ankalwa : 7.4 1.0¢ -0.7¢ 1.0/ Fsl P SCs MK
Dhamrad 7.1% 1.3¢ -0.81 0.5( Fsl P SCs VPK
Dhamrad 7.07 1.4¢ -0.7¢ 0.7¢ Fsl P SCs< PK
Avereag 6.71 1.64 -0.71 0.72 Fsl P SCS PK
Minimum value 4.3( 1.0¢ -0.8¢ 0.5( VFsa P SCsS VPK
Maximum valu 7.4 3.7¢ -0.41 1.04 Fsl VP S SCsS MK

Table 5.34 Results of various grain size parameters
Note: Coasrse silt: Csl, Medium silt: Msl, Fing:ssl, Coarse sand: Csa, Very fine sand: VFsaailBebf other abbreviations are given
in table below.

Standard dewvation (o) Skewness Kurtosis
o, Value Verbal Term SkValue Term k Value Term
Under 0.35) Very well sorted(VWS) +1.00 to +0.3( Strongly finlkeewed(SFS) <0.67 Very platykurtic (VPK)
0.35-0.50p Well sorted(WS) +0.30to +0.1(Q Fine skewed(FS) 73.6.90 Platykurtic(PK)
. Moderately well . . : . .
0.50 -0.71p sorted(MWS) +0.10t0 -0.10 Near-symmetrical(NSy) 0.90 -1.11 shlaurtic(MK)
0.71-1.00p Moderately sorted(MS) -0.10to -0.3( Coarse-sk¢@ey 1.11-150 Leptokurtic(LK)
1.00 -2.00p Poorly sorted(PS) -0.30 to -1.0d Strongly coakanwed(SCS) 1.50 - 3.00 Very leptokurtic(VLK)
Extremely
2.00 -4.00p Very poorly sorted(VPS) > 3.00 leptokurtic(ELK)
Extremely poorly
Over4.00 sorted(EP S)

Table 5.35 Values of different paramteres and theiverbal terms (Source: Folk, 1974
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Mean size vs Standard de viation:

A scatter plot of mean size (Y axis) against steshaeviation (X axis) showed a
negative linear trend, clearly indicating a deceessthe grain size with increase in
the standard deviation (Figure 5.82) which waslsinto the results obtained from the
studies of Reddwt al., (2008) and Karuddt al., (2013).
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Figure 5.82 Scatter plot of Mean size vs Standardcediation

Mean size vs Skewness:

A scatter plot of Mean size vs Skewness is one h&f best techniques for
understanding the type of modality. Figure 5.83vehohe sinusoidal curve which is

similar to the standard graph of Folk and Ward {93 he sinusoidal nature was
because of the proportionate admixture of two slasses of the sediments i.e. silt
and clay with little fraction of sand.

Skewness vs Standard deviation:

Figure 5.84 shows relation between the standarchden and skewness. It showed
that majority of samples were poorly sorted andwsb their clustering towards

strongly fine as well as coarse skewness. The posoited and fine skewed

sediments indicated deposition of sediment underdoergy condition where as the
strongly coarse skewed sediments showed deposifisadiments under high energy

condition.
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Figure 5.84 Scatter plot of Skewness vs Standard dation

Skewness vs Kurtosis:

Figure 5.85, a plot of skewness vs kurtosis shothatl majority of the sediments
were found within positvely skewed with very platytic to leptokurtic range. This
was followed by sediments showing negatively skesesnwith very platykurtic to
platykurtic range for the values of kurtosis. Thisggested that the dominance of
medium grain size (medium silt) population followey fine grain size (fine to very

fine silt) acting as secondary population.
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Figure 5.85 Scatter plot of Skewness vs Kurtosis {&r Folk and Ward, 1957)

Thus, the sediments collected from Jamubsar tatllcaved dominance of
medium silt particles, which were strongly fine wieel, poorly sorted and very
platykurtic in nature. Whereas sediments collectein Hansot taluka showed
dominance of fine silt, which were poorly sortettosgly fine skewed and very
platykurtic to mesokurtic in nature. The sedimersft¥agra taluka showed admixture
of medium and fine silt particles, with their skesgs value ranged from strongly fine
to strongly coarse. They showed the extreme valtissrting (very poorly to poorly
sorting) and kurtosis (very platykurtic to platyay.

Results showed considerable variation in sedimeotiected from all three
coastal talukas. It showed distinct variation ie sediments collected from Jambusar
and Hansot talukas whereas Vagra acts as a tmaraitzone, which possessed
sediments with characteristics of both talukasléhbusar as well as Hansot talukas.)
Information about energy conditions, depositiomalimnment, type and direction of
transportation medium derived from the grain sizayssis are discussed here.
5.3.1.2 Discussion
Textural study of the samples suggested that sit dominant constitute with clay as
subordinate followed by little fraction of sand.i¥ was represented well in histogram
in form of weight percentage of different size jides. The sediments showed two
different modal class namely unimodal or bimodaheTcollection sites located in

riverine environment (towards the landward sidetlm® river channel) (such as
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Ankalwa and Dhamrad) and those facing the gulfargiLakhigam and Luhara)
showed unimodal nature. Whereas sites locatedeamthuth of river i.e. in estuarine
area (Sarod, Kavi, Devla, Tankari, Gandhar, Amhhi€edadara and Aliabet) mostly
showed bimodal nature of sediments. The reasothéounimodal nature of sediment
could be the single source of sediments which cbeldiver in most of samples,
except for the samples from Lakhigam 1, Luharal&aathiajal 1 where the source of
sediment could be beach or sea. The bimodal natugediment indicated that
sediments were brought by two different sourcesciwvisbuld be river and sea in this
case. Bimodality of sediment can be viewed from $batter plot of mean size vs
skewness which suggested the sinusoidal shape aiithie (Figure 5.83). Even very
platykurtic nature of sediments indicates bimodadition (Goswami and Ghosh,
2011). Thus, non-normal values of skewness anagisrsuggested mixing of two or
more modal fractions (Folk and Ward, 1957).

Information about the size of paricles was derifemim mean size. The
sediments collected in present study were majorg {silt) in nature with little
variation in their size. They ranged from coarselim®-fine-very fine silt as one
moved from Jambusar to Hansot. Although silt ma@omcontribution, at a few
locations (Kavi, Luhara and Lakhigam) coarse, medand very fine sand sediments
were observed. Mean size is mainly used as an iofderergy conditions and gives
idea about the nature of depositional conditionthefsediments (Ganjoo and Kumar,
2012; Ganeslat al., 2013; Karudtet al., 2013). In the present study area, dominance
of finer sediments (at Kavi, Jamdi, Muler, Gandialadara, Katpur and Kanthiajal)
indicated the low energy conditions prevailing metarea. At few locations the
presence of coarser particles indicated the highgynconditions at those specific
sites e.g. Luhara and Lakhigam.

Skewness also gives idea about the direction osprartation medium. The
posiive value of transportation indicated unidil@gal flow of transporting medium
where as negative value signified to and fro motioi transporting medium
(Friedman, 1961). In the present study, the urativeal motion was observed in
Sarod, Kavi, Jamdi, Tankari, Muler, Gandhar, Lakkmgand Luhara regions where
there was influence of either the river or seaa(twlater). But in the transitional area
(estuarine area) at Ambheta, Kaladara, Kanthiajkalwa and Dhamrad wherein the

sediments of fine and coarse nature were mixedthiegeto and fro motion of the
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transporting medium was responsible for transpiortabf sediment (Blaeser and
Ledbetter, 1980).

Sorting is another statistical parameter thaveseras a measure to decipher
energy or depositional environment and to knowptesence or absence of coarse
and fine grained fractions (M cKinney and Friedmab@70). Extremely poor sorting,
very poor sorting and poor sorting characterisfithe current samples revealed that
deposition must have been fluviatile (Ganjoo ananidy 2012). The variations in its
value were likely due to continuous addition ofefifcoarser material in various
proportions (Raet al., 2001; Ramanathaet al., 2009) and due to difference in water
turbulence and variability in the velocity of dejiiog currents (Casshyap and Khan,
1982). Even strongly fine skewed (Sarod, Kavi, Jaffdnkari, Muler, Gandhar and
Alaibetl) and fine skewed (Degam) nature of sedimeuggested introduction of
finer material and excessive riverine input (Siagabramaniamt al., 2006). Very
low value of kurtosis and very platykurtic (Sarddavi, Degam, Jamdi, Muler,
Gandhar and Kanthiajal) to platykurtic (Devla, Kkea and Ankalwa) nature of
sediment suggested fluvial (riverine) charactessstf the sediments (Karucktial.,
2013).

So, in brief as one moved from north to south ia shudy area, there was
reduction in grain size and an increase in energgdition. The depositional
environment was mainly riverine except for sedirsenbllected from Lakhigam,

Luhara and Kanthiajal wherein sea or tidal wates We depositional medium.

5.3.2 CHEMICAL ANALYSIS OF COASTAL SEDIMENTS

pH, electrical conductivity, salinity and organiarbon were the parameters analyzed
in present study. Results showed considerableti@miamong three coastal talukas.
Figure 5.86 showed variation observed for eachrpeter at taluka level whereas
Figure 5.87 showed variation in individual parametieve getated mudflat and barren
mudflat area. The results derived from one way AMONést for three different
talukas revealed significant variation in pHy = 35.59, p<0.05), electrical
conductivity (Rz.30)= 5.92, p<0.05), salinity (k39 = 5.05, p< 0.05) and organic
carbon (k30 =6.91, p<0.05). Similarly significant variation weeobtained for

sediments collected from mangrove, salt-marsh atiget and barren mudflat area
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where in values of pH (k3= 4.55, p<0.05), electrical conductivity ko= 10.46,
p<0.05), salinity (f,30= 9.65, p<0.05) and organic carbon,(s=5.42, p<0.05).
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Figure 5.87 Variation in (a) pH, (b) electrical conductivity C, (c) salinity and (c
organic carbon (OC)for area covered by mangrovesattdnarsh vegetation and
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5.3.3 DISCUSSION
The results showed apparent variation among thiféeresht talukas and between
sediments collected from vegetated (mangrove aldsash vegetation) and barren
or open mudflat area.

Among three talukas, higher range of pH was obseavéiansot followed by
Vagra and Jambusar taluka. pH of soil plays an mamb role in the growth of
mangroves (Venugopa al., 2008). Results of pH of soil showed high pH ealu
ranging from 8.78 - 9.50 with an average value .@#%or Hansot taluka. This was
the range at which mangroves achieved maximum sbaotth (Venugopakt al.,
2008). Thus, this very alkaline nature of sedimenftddansot taluka could be the
reason for high values of height for mangroves ahsbt taluka. The alkaline nature

of sediments observed in this area was due to Veeirsols type of soil, for which
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high pH value was one of its characteristics (Vimmat al., 1982). Values of
electrical conductivity and salinity showed relatiw high values for sediments
collected from Hansot followed by Vagra and Jamipalaika. The values of electrical
conductivity were mostly 2 ms/cm or more than 4msiedicating their sodic nature
of sediments (Chichmalatpure and Rao, 2009). Valesrganic carbon were
relatively higher for Hansot taluka followed by Jamar and Vagra taluka. High
values of electrical conductivity, salinity and amg carbon observed for Hansot
taluka was due to presence of mangrove or salthmargetation as well as their finer
size of sediments. Finer sediments such as siliclaydare characterized by compact
arrangement of soil particles. This could be thesoa for the high value of organic
carbon and salinity for the silt and clay particM#hereas in case of sand, the coarser
particle size, large intercellular space and leatewholding capacity were the reason
for the low value of organic carbon and salinitye@aiet al., 2009). Ancther reason
for increase of organic carbon in finer particleaswsimilarity in settling velocity of
both organic constituents and finer particles (Krd939; Girapet al., 1994). The
values observed for pH, electrical conductivityljnitg and oragnic carbon were in
line with findings of Sajish (2012), Patel (2014)daShukla (2014) where they had
studied the above mentioned parameters for sedsrmiected from estuarine area
of Mahi and Dhadhar and Gulf of Khambhat regioney iound relatively high pH
(alkaline) value and low electrical conductivityalisity and organic carbon values for
this region. Similar values were also observed amgnoves area of Tamil Nadu and
Pondicherry states of India (Venugogil., 2008).

Clay (% Silt (%) | Sand (%
Minimum 14.7: 43.9: 0.0¢
Mangrove Averag 38.4¢ 60.2¢ 1.2¢
Maximum 55.8: 76.8% 8.4:
Minimum 16.30 46.23 0.24
Salt marsh vegetation Average 34.38 60.89 4.73
Maximum 5353 71.80 13.14
Minimum 2.67 0.00 0.21
Open mudflat Average 26.34 46.21 28.08
Maximum 60.38 93.87 98.13

Table 5.36 Range of clay, silt and sand in vegetatand unvegetated mudflat
area
The sediments of mangrove area and saltmarsh @tedetireas) and open

mudflats were compared to know difference in theuel parameters of soils from
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two different types of coastal vegetation as wsllopen mudflat. The analysis of
grain size showed a small variation in silt andyctamntent of mangrove and salt
marsh vegetation area whereas considerable differevas observed in the open
(unvegetated) area (Table 5.36). In mangrove theuatmof silt and clay was much
higher as compared to sand fraction. Whereas imaedh vegetation along with silt
and clay, relatively more content of sand was ahsset. The high content of sand in
salt marsh vegetation could be due to its proximdiythe cliff region. Figure 5.87
showed that similar pH conditions were seen in marggand salt marsh vegetated
areas whereas of the pH values were much highesgden mudflat area. One of the
possible reason for this could be the prevalenceniafobial activity in vegetated
area, which may have released acidic componentdoareted pH the especially in
mangrove area (Kathiresan, 2010). This could aésthb cause for the high values of
electrical conductivity in vegetated area in conguar to open area. Mangrove and
salt-marsh area are considered as sink for orgammon and produce more organic
carbon than can be stored within the system arsdeksess material is exported to
coastal water (Odum, 1968, 1980; Hazelden and Banym999; Kathiresan, 2003).
Present findings showed relatively higher valu@iajanic carbon for mangrove and
salt marsh vegetated mudflat area as comparedem mpidflat area. Also the value of
organic carbon was slightly higher for salt marglgatated mudflat area compared to
mangrove areas. Difference in inundation of tidatev in mangrove (inter-tidal
mudflat) and salt marsh vegetated (high-tidal) raidérea and variation in daily
flooding area could be some of the factors resptsmdor observed variation in
guantity of organic carbon. Amount of organic carbmuld get washed out easily
from mangrove areas falling under the influencedafly tidal cycles. Whereas
compared to this, salt marsh area (high-tidal naijliould get less inundated and its
area under tidal flood would vary based on sprimyr@eap tidal cycles. So, mangrove
area (inter-tidal mudflat) which flooded twice inday could have high removal of
organic carbon as compared to salt marsh vegematieiflat area. This could be the
possible reason for high content of organic carbleserved in salt marsh vegetated
area as compared to mangrove area. This could kesthe cause for variation
observed in salinity in mangrove and salt marstetetgd mudflat area.

Thus, values of chemical parameters showed muchatieer along three
coastal talukas as well as among vegetated andropéfiat area.
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5.4 COASTAL GEOMORPHOLOGY OF THREE COASTAL

TALUKAS OF BHARUCH DISTRICT
Geographically, Bharuch district is located withire Gulf of Khambhat and showed

much variation in geomorphic features. Landformsesbed in the north of Narmada
were quite distinct from southern region. In thethern segment, river Mahi and
Dhadhar dumped their sediments which were congtamdistributed by unique
combination of tidal currents and velocity of riweaters entering in to the gulf (Islam
and Merh, 1988). Combination of ebb and flood tidin incoming water from rivers
in the gulf produced interesting patterns of sedinmeansport. Wave action was not
well pronounced in the gulf area (northern partNarmada) and entire sediment
distribution was dependent on river water flow aigidl currents (Desat al., 1992).
Coastal segment to the south of Narmada had coasvabnment where effects of
open sea and those of the gulf combined with edlclroln this area, height of tide
was much less as compared to that in the gulf airitdhat. Effects of tidal currents
especially during the ebb flow provide substard@lith-ward long shore drift of the
sediments (Merh and Vashi, 1984).

The major landforms observed in the present studg and their taluka wise

distribution is given below.

Estuarine nver mouth: The estuarine river mouths of Mahi, Dhadhar, Nammaad
Kim were of funnel shaped and muddy in nature. Wdth of mouths of Mahi,
Dhadhar and Naramada were considerably broad where&im was relatively
narrow. During high tides, sea water entered tHrotfgeir inlets to fairly long
distances, as a result of which extensive tidal flatgdwere encountered along all the
estuaries. The mouth of Mahi, Dhadhar and Narmedtje low tide revealed vast
patch of muddy shoals across which river flowedotigh network of braided
channels.

Foreshore mudflats and offshore mud banksThe entire coastal segment was
marked by wide foreshore mudflat all along its tbng\ll estuaries except Narmada
showed extensive mudflats (Nayak al., 1986). These mudflats were classified
further in to high tide flats, inter-tidal flats é@rsub-tidal flats (Davies, 1972). The
mudflats based on presence or absence of vegetationdivided in to vegetated or
barren/open mudflat (Plate 5.49). The high tidal amer-tidal mudflats were mostly
covered by halophytes (mangrove and saltmarsh sBgej where as sub-tidal
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mudflats were mostly barren. Width of intertidaheovaried from 500 m to 3 km and
narrowed down from north to south direction of g8tedy area. The mudflats were
traversed by numerous named and unnamed tidal <reekl channels which

meandered through tidal mudflat (Plate 5.49).

Occurrence of offshore mud banks and shoal washancoharacteristic feature
of the northern coastal block. Mahi, Dhadhar andniala River showed silty and
sandy banks of varying dimension and shape in thetimregion (Plate 5.50). These
vast quantities of sediments, brought by variousrsiand reworked by tidal currents,
were seen deposited as mouth bars, foreshore raudfid offshore mudbanks (Merh
and Vashi, 1984). Most of these mudbanks got suggdeduring high tide, though
parts of some of larger ones remained dry during mlormal high tide. These
mudbanks frequently change their configurationsomrse of time or even seasonally,
depending on sediment supply and pattern and ittenfsdepositional and erosional
processes operating within the Gulf (Patell., 1984).

Backshore alluvial cliffs: Backshore coastal plains were made up of alluvauna
these rose abruptly above the tidal flats formingli#f. This feature was more
pronounced at mouths of the rivers where heightlififwas considerably high. This
was striking feature of Mahi and Narmada estuatgtéB 5.50). Cliffs were observed
in the river basins of Dhdahdar and Kim. But ag/thel in area that was beyond
taluka boundary of the present study area and hestcacluded in this study.

Behind the cliffs, extend the alluvial plains whicbmprised a featureless flat
terrain. The alluvial plains between the Mahi andaBhar i.e. of Jambusar taluka
showed gradual southwesterly slope (Pdtal., 1984).

Alluvial islands within mudflat: Within mudflats, occurred numerous ‘bets’ or
‘islands’ of alluvium, projecting a few meters alothe high waterline. These were
highly irregular in shape and of variable sizes.eyhrepresented an alluvial
topography of past when strand line was much loamt when various coastal
streams eroding the alluvium flowed for severalokiéters further west before
meeting sea. The immediate/successive transgresssofted into drowning of river

valley and encirclement of elevated portions ofissected alluvial coast by tidal
waters (Patett al., 1982). These alluvial islands supported conalalervegetation

and larger ‘bets’ were even cultivable.
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Plate 5.49 Various coastal landforms observed in psent study area
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Plate 5.50 Various coastal landforms observed in psent study area
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Sandy ridges: Sandy ridges were characteristic feature of coastio south of

Narmada River. But, some aeolian sand formation azserved only between the
mouth of Dhadhar and Narmada. An ill-defined rid¢genposed of fine sand and high
silt content was observed at Lakhigam i.e. soutDalfie]. This ridge showed a good

vegetation cover which mostly included forest ofaéi@ and other xerophytic flora
(Plate 5.50) (Patet al., 1984).

5.4.1 GEOMORPHOLOGICAL SET UP OF JAMBUS AR TALUKA

The geomorphic features observed in Jambusar talgke estuarine river mouths,
mudflats, mangrove vegetation, saltmarsh vegetattweeks, shoals and alluvial
plains. Estuarine river mouth of Mahi River wastguiroad as compared to the river
Dhadhar. The mouth of river Dhadhar showed extensiud accumulation. This
accumulation was to such an extent, that the nvesinders, bifurcates and then joins
again while flowing within muddy deposits. This wagood example of choking of
river due to increasing mud accretion in the areatdlet al., 1982). Mahi and
Dhadhar both estuaries showed an extensive patofudflats. The width of mudflat
varies from a kilometer to maximum up to 8 km. Ble-tidal mudflats were mostly
barren whereas at places, intertidal and high tidadflats were covered by mangrove
or saltmarsh vegetation. But, major area of thé hidal mudflat had taken up by
saltpan industry. High tidal mudflats were followdy alluvial cliffs that rose
abruptly above the alluvial plain. Height of théfsldecreased from Sarod to Kavi to
Degam. Very high height of the cliff was noticedSatrod, followed by Kavi and was
decreasing further at Degam and its south. The eosgn of satellite images over a
period of more than 30 years suggested considecidages in flow of Dhadhar
River (Plate 5.51). Due to which erosional featwrese observed near Asarsa village
(right bank of Dhadhar River) where as depositicas wbserved on the left bank of

Dhadhar River (along vagra taluka).

5.4.2 GEOMORPHOLOGICAL SET UP OF VAGRA TALUKA

The geomorphic features observed along Vagra tatubdaded estuarine river mouth,
mudflats, saltmarsh, mangrove vegetation, credksals, alluvial cliffs and sandy
ridges (Plate 5.52). Among Mahi, Dhadhar, Narmaakh ldim rivers, Narmada had
the broadest river mouth. As per the satellite mna§ 2012, width of mouth of

Narmada River was approximately 10 km. A numbernfiShore mud banks and

Ph.D. Thesis, Shresstuti Tattu (2015) 238



Result and Discussion

shoals were observed at the mouth as well as in a@nnel (Narmada River). Vast
stretch of mudflats were observed along the westiela of taluka whereas along the
southern side of taluka (i.e. along northern sifléehe Narmada River) width of
mudflat decreased considerably. The width of madféenged from few hundred of
meters to 8 km. Mudflats along the western sideeveewered by dense mangrove as
well as salt marsh vegetation whereas relativelgnopegetation was observed along
the southern side of taluka. Most of the high tidaldflats of this taluka were
occupied by the saltpans and some area was takéen the oil wells. In the north of
Dahej, a ‘bet’ like raised feature was observedinitmudflat. The major area of this
alluvial island was covered with scruBr6sopis juliflora) vegetation and some part
of this island was under cultivation. The backshaltevial cliffs were observed in
south of taluka. The height of the cliff was comsably high at mouth region.
Besides this a sandy ridge was observed along &stenn side of Lakhigam which
was extending up to the light house near Luhalagal Pate&t al., (1984) and Merh
and Vashi (1984) had recorded the length of samtbe ras 5 km, width 200-500 m
and height 5 to 8 m above alluvial plain. A narrstsip of beach was observed to the
west of Dahej near Lakhigam (Plate 5.52).
5.4.3 GEOMORPHOLOGICAL FEATURES OF ALIABET

One of the important feature in mouth of river Nada was presence of
gigantic mouth bar “Aliabet”. In the name Aliabs#rm “bet” means an island.
Aliabet was an upturned liver shaped island witlstabilized central part which
represents long linear mouth bar parallel to thlaltflow (Ganapathi and Pandey,
1991). Comparison of multi-date satellite imagesl aoposheets of various years
suggested substantial changes in size and shaplaloét. Earliest image of the year
1978 showed flow of Narmada along the eastern sfdAliabet. But, successive
satellite images showed filing of the channel {(ezsAliabet) and growth of Aliabet
on the southern side. A new patch of mudflat waeseolked along the northern side of
Aliabet. Although rate of deposition was higheAlnabet, erosion was also observed
along the northern side. Mudflats, creek, mangraweé salt marsh were the major
geomorphic features observed in Aliabet (Plate)5.58is area received considerable
tidal water through dense network of creeks whiessecrossed the entire area. High
tidal mudflats were mostly covered with salt maxsgetation but at places found
barren. In the recent years, substantial area gif tidal mudflats was taken up by

aquaculture industry.
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Geomorphological maps of Aliabet
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Geomorphological maps of Hansot taluka
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5.4.4 GEOMORPHOLOGICAL SET UP OF HANSOT TALUKA

This taluka comprised of geomorphic features sushestuarine river mouth,
mudflats, saltmarsh, mangrove vegetation, creeksandy ridges (Plate 5.54). Mouth
of the River Kim was considerably narrow. The Ri¥@m meandered for several
kilometers within mudflats before meeting the $8aomorphic map of the year 1978
showed channel of Narmada River flowing from thetimavest direction of taluka.
This channel over a period of time was filled bgisents and only a small, narrow
creek brought tidal water during high tide. The th&l of mudflats decreased
considerably and were observed along western sideell as along southern side of
taluka. The mudflats were dissected by numerousksrand were covered by salt
marsh and mangrove vegetation. In this area, sarts pf high tidal mud flat were
converted in to saltpan and aquaculture industhe. dlluvial island namely “M otimor
bet” was observed within mudflats. The major are&land was under agricultural
practice. A sandy ridge was observed in the wesd affimor bet. According to Merh
and Vashi (1984) and Pattlal., (1984) the ridge had a length of 1% km, widthof
km and a height of 5 - 6 m. A narrow strip of beachs observed at the west of
Motimor bet. This alluvial island showed few erasb features which could be
retrieved from the comparison of satellite datafaadh field evidences.

5.4.5 DISCUSSION

The study revealed number of depositional as vee#irasional features in this
study area. The Gulf was characterized by the bigtidal amplitude along the west
coast which could be due to its narrow configuratibs shallowness and its location
in widest portion of the west coast continentallfstie the gulf, strong tidal action
and water brought by major rivers namely SabarnMhi and Narmada were main
sources of sediments. Shallow continental shelgtively calm water of Cambay
region, large sediment discharge by rivers and diiude of coastal plains were the
possible reason for vast mudflats and marshy ti@atsrring near mouth of estuaries
(Ahmad, 1972).

Increase in number of shoals along mouth of Maltiadhar and Narmada
indicated deposition in the mouth region. Nayak &athai (1985a) had observed
similar observation in Mahi River. According to thehe changes were due to the
construction of Kadana dam on Mahi River and a @enmPanam River. The dam
restrained floods which were removing sedimentsmfrmouth region. These

sediments got deposited at mouth of estuary amdedrshoals that indicated weak
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and regulated discharge which was unable to caediments further in to the gulf
(Nayak and Sahai, 1985 b). This deposition at tloeithn had created sediment
drought near head of the gulf. Thus, the dynamigligium of the estuary had got
disturbed and to maintain this, probably the nartHeank of Mahi River was being
eroded by strong tidal forces. In case of Dhadth&r,construction of Deo Dam could
be reason for reduction in sediments supply andeseonld be reason for erosion
along the northern bank. Erosion was also obseatdédada and Asarsa villages of
Jambusar taluka. Damaged walls of oil wells at AgafPlate 5.55) and eroded
mangroves at Nada clearly revealed the erosiorggirey in this area.

Problem of erosion was observed along the west cdagégra taluka starting
from Gandhar to Gajadra villages. In this area, wughe high rate of erosion several
oil wells were washed out. Large patch of mangnokesent in this area was washed
out due to severe erosion. Construction of seaamdllplantation of mangrove around
oil well were the measures taken up for protectbwil well (Plate 5.55). At places
the energy of water current was so high and thatder to protect mangrove, fencing
of iron pipes was done towards the seaward sidmangroves (Plate 5.55). The
energy of water was to an extent that at some glanangrove plants cannot
withstand against them and washed out along thst.cédsence of any vegetation
and presence of scattered washed out mangrovets [@iamg the coast of Lakhigam
and Luwara showed the high energy condition prengilin this area. Similar
observation was made for the coast south of Vagh#ad (i.e. northern bank of
Narmada River). Here the force of water current s@$igh that very few and small
mangroves were scattered towards high tidal mulfl&rosion became more
pronounced as one move from mouth of Narmada Rwewrrds the eastern side.
Construction of sea wall for protecting electrioves and its nearby temple at
Ambheta village (Plate 5.55) and sharp cuttingldfscwere the evidence of severe
erosion observed along northern bank of NarmadarRsouth of Vagra taluka). As
we move eastwards erosion was to such an extenathatal road near Kaladara was
eroded (Tattwet al., 2008a). Effect of Erosion is further indicatgd damage of wall
constructed to protect cliff bank against the emosiPlate 5.56 shows the damaged
caused by severe erosion at Kaladara. These eeslafcsevere erosion at Kaladara
were supplemented by migration of fishing communibwards the inland areas.
Thus, entire northen bank of Narmada witnessedédrighional activity.
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Broken wall of oil well at Asarsa village, Eroded oil well at Asarsa, Jambusar
Jambusar

Construction of sea wall and plantation of Fencing of iron pipes for protecting
mangrove for protecting oil wells at west mangroves at Vagra
of Trankal, Vagra

Washed out mangroves at Lakhigam, Construction of sea wall for protection of
Vagra coast at Ambheta, Vagra

Plate 5.55 Field evidences of erosion prevailing istudy area
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Sharp cutting of cliffs at south of
Ambheta (Vagra)

o :
Board indicating damage to road

Board indicating damage to road Kaladara (Vagra)
Kaladara (Vagra)

By e -
X =

Damaged sea wall at Kaladara (Vagra) Erosion of road at Aliabet

Plate 5.56 Erosional features observed in presertusly area
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Mahapatraet al., (2013) had also observed sever erosion alonthewr bank of
Narmada and northwest portion of the Dahej areay Faported loss of 2.49 Krarea
of land due to erosion. Aja al., (2013a) and Mahapateaal., (2013) had prepared
inundation model based on predicted values (Nishabkl., 2007) for global sea level
rise by the 2100. Ajagt al., (2013a) modeled sea level rise for Dahej antbsading
area for the interval of 25, 50 and 100 years tériral. Mahapatrat al., (2013)
estimated that 0.49 m rise in sea level would imti@dapproximately 18.8 Knof
Dahej and its surrounding area (Mahapatral., 2013). Recently, Mahapatetal.,
(2015) had prepared coastal vulnerability assestsafgaujarat coast due to sea level
rise wherein they classified present study arealjdiaar, Vagra, Aliabet and Hansot)
as moderate vulnerable to low vunerable region.

Possible reason for depositional as well erosidaatiforms observed at
Narmada River could be construction of the Sargao\Gr Dam in 1979. This dam
had restrained huge amount of river water in isemneoir and thus controlled flow of
water. With this, flow of the river became reguthemd sediments which were earlier
removed by the river water were now unable to mbweher and hence, they
accumulated at the mouth and formed number of shioaathe mouth of Narmada
River. Thus construction of dam had disturbed ttairsent cycle operating in this
area. In order to maintain this cycle, probably mloethern bank of Narmada River
was being eroded by strong tidal forces. Anothasoa for erosion along the northern
bank of Narmada could be increase in number of Ishddis feature had acted as
barrier to the normal flow of flood tide as well ger. Due to this water (from river
or of flood tide) bifurcated around shoals and #td carved the northern bank.
Comparison of recent satellite images showed iseréa number of shoals which
indicated that problem of erosion would become mprenounced in the future.
Shoals which were considered to be migratory featuget stabilized by the
development of estuarine grd3rtresia coarcata. This vegetation had quite different
spectral signature in the satellite image. Basewvbich one can easily identify this
grass from other coastal vegetation. This grassat pioneer in the development of
mangrove ecosystem (Jagtap, 1985b; Blatil., 2008; Harekrishnat al., 2013;
Zamanet al., 2014). This species generally grows on newlyodiépd sediments and
help in enhancing the sedimentation and there wgldeing favourable substratum
for growth of mangroves (Jagtag al., 2006). This stabilization of shoal could

further hinder the flow and thus could increasesienoin this area.
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Stabilization of shoal can be explained using cleanan the island towards the
northern side of Aliabet. The gradual stabilizatminthis island can be seen from
comparison of maps of Aliabet. Maps indicated timatl978, the mudflat showed
small patch oPortresia coar ctata which was increased in successive years (1987 and
1997). This feature was later colonized by saltsimae getation and satellite image of
2012 showed growth d?Prosopis juliflora which itself suggested stabilisation of the
substrate. The growth éfortresia coarctata on shoal (towards northern side of new
island) would stabilize this area and with growthddferent types of vegetation
would form new landforms.

Aliabet has also witnessed substantial changestsncanfiguration. The
increase in its areal extent showed the predommafhdhe depositional activities
however erosion was observed along Aliabet. Plabé Showed erosion at Aliabet
which had washed out road connecting to oil wed 81 northern side of Aliabet. The
growth of new island along the northern side o&lsi could be reason for this
erosion. The northern side of Aliabet showed caarsaiole erosion whereas deposition
was observed along its southern side. For the ¢raithe Aliabet, different people
had put forth different opinions. According to Beulid Vaidyanadhan (1982), lateral
swinging of water was reflected from the bank andprocess erodes them and
deposited material at periphery of Aliabet on btita sides. Also during the floods,
huge sediment load brought by river was spread tusrisland. Other possibilities
were during the mixing of freshwater with salinetaraof Gulf of Khambhat in
vicinity of Aliabet, clay particles were flocculateand formed aggregates which
settled down in island to form mudflats and durimgh tides these clay aggregates
were stirred up again and transported upstreamdapasited over Aliabet. Thus,
overall seaward growth of Aliabet indicated thaeraf deposition was higher than
the removal of sediments by sea water and curréhtgherjee (1985) opined that
estuarine islands at the mouths of Narmada and Tiepis marked depositional
features, perhaps grown on higher topographic sesfaf submerged marine floor.
Nayak and Sahai (1985a, 1985b) and Nagtal., (1987) had explained that increase
in the size of Aliabet was due to heavy depositbrestuarine mouth. Further they
had not ruled out the possibility of neotectonigimgradual emergence of this island.
Nayaket al., (1986) had studied topographic sheets (survay®55-1956) which
suggested that Aliabet during the high tide gotnsetged. But, their analysis of

Landsat satellite image from 1972-1986 revealed ishe@nd was not being submerged
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even during the highest of high tide. Thus, thegl pestulated emergence of Aliabet
and that, this could be the reason for dwindlingnaingroves on Aliabet. In addition
to this, they also mentioned the excessive gradayngnimals in mangrove area could
be reason for their reduction. Sundarenal., (1991) included Aliabet under Dahej
surface (tidal mudflats, beach and dunes) and septed it as an active coastal
accretionary phase. Ganapathi and Pandey (1991)cblected measurement of
Aliabet from toposheets as well as from satellibageries. This comparison showed
its length varied from 19 km (toposheet, 1894) 98B8X&m (imagery, 1990) and width
ranges from 1.2-2.0 km (toposheet, 1894) to 5.2-kB (imagery, 1990). Mahapatra
et al., (2014) revealed erosion along the northern laartk merging of Aliabet with
mainland. According to them, construction of damsNarmada River had reduced
suspended sediment flux which resulted increasat@of coastal erosion. In addition
to reduction in sediment discharge, action of wane tide played an important role
in bringing out the morphological changes obsemedarmada River.

In case of Hansot, the size of Motimor bet had ghdna lot over period of
time. This area witnessed erosion which can bdaewetdl from comparison of the
maps suggesting reduction in area of Motimor bet.eDal., in 2008 had reported
intrusion of sea water along the west of Kanthidjdey reported loss of more than 1
sg km area of agricultural land. Although erosicasvobserved along western side of
taluka, deposition was observed along the sou#in&hlwa village (northern bank of
Kim River). Comparison of satellite images showkdrme in the meandering pattern
and thereby change in flow of Kim Rivdtortresia coar ctata flourished well on the
newly formed mudflat area in the south of Ankalwidlage. Even, field visit
conducted in October 2014 to this area showed deraile growth of mangrove and
salt marsh vegetation on this newly formed mud$laggesting stabilization of the
area.

Thus, all three talukas witnessed substantial ateung their geomorphology
and showed evidences of erosional as well as depaai activities prevailing in this

area.
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