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ABSTRACT

Bathymetric and spatial alterations of sedimentggrameters and its influence on heterotrophic baate
population in the shelf sediments of south easstcofiindia (Bay of Bengal) were analysed. The agdaphical
parameters did not show significant (p<0.05) splatiariation though it varied with depth. Sedimargs fine sand
at 50 -100m depth and clayey silt at 200m deptlga®@ic matter in the sediment ranged from 0.95 6% &howing
significant depth wise variation (p<0.05). Totalteetrophic bacterial population ranged from 4.8718°— 2.32 x
10° CFU g dry wt. and the abundance was greater towards nbethern latitudes. Bacillus, Vibrio and
Alteromonas were the dominant genera in the sheffinsents followed by Alcaligenes, Enterobacteriacea
Acinetobacter, Flexibacter and Moraxella. Signifitgositive correlation of bacterial abundance wibdiment
texture and organic matter was evident from theasp@an rank correlation analysis. BIOENV identifiditsolved
oxygen, clay, silt and total nitrogen as a combhimatof environmental parameters that best explairieg
distribution patterns of heterotrophic bacteria € 0.644). The Principal component Analysis (PCAgpthyed
higher similarity of environmental characteristiegthin respective depth regions. First two compdadngether
explain 90% of the data variance between statiofise canonical correspondence analysis (CCA) further
substantiated that major environmental parametsigk as temperature, dissolved oxygen, silt, samtomganic
matter), had significant effects on the spatiatritisition of culturable heterotrophic bacteria ihg shelf sediments
of Bay of Bengal.
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INTRODUCTION

The continental shelves which make up 8% of théalocean surface area are episodic componenke ahérine
ecosystem. The mean water depth of continentakvetet less than that in open sea, thereby implttiegshelf
floor a significantly more important role in theogeochemistry and ecology [1]. Animal-sedimenttie@teships in

marine sediments are important for the studiesherdtstribution and abundance of benthic commun[2¢. Large

fractions of the total benthic biomass are domihdig sediment bacteria [3] which play a vital rahebenthic

ecosystems [4]. They are a critical component ofimeaecosystem processing more than one half oftdted

primary production, promoting organic degradatiolecomposition and mineralization processes, regéngr
nutrients, and interacting widely with other organs [5]. Moreover, bacteria are basic componentiebenthic
food chain and it represents an important fooduesofor benthic fauna [6] thereby facilitating tterbon transfer
in the food chain.

Like other benthic inhabitants, bacteria in shelliments are related to the sediment propertiefriviactors which
control horizontal and vertical distribution of badal population include physical characteristissch as
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temperature, light, salinity, dissolved oxygen, pijdrostatic pressure, water movements and seditypet[4, 7-
10], chemical characteristics such as organic matbatent [11] and concentration of labile compaurjdl2].

Sensitivity to each factor may vary among taxonathjcdifferent bacterial groups, reflecting diffees in their
community structures [13]. Besides these physicaited parameters, the composition of benthic béctean also
be correlated with latitude, indicating that biogephic factors are important determinants of thierobial

diversity [14]. A number of authors have emphasitteddistribution and characterization of bactec@minmunities
in marine sediments [3, 15-20]. This is essentialunderstanding the functional and biogeographiglationships
of sediment bacteria in oceanic processes [21}ahktow the flow and transfer of organic matter aneérgy in an
ecosystem [14].

In the last few decades several studies have shbainthe role of bacteria in benthic ecosystemais more
important than previously thought [22]. Some stadimave characterized bacterial communities fromctbeestal
waters along the east coast of India [23-25]. Butwork has been done on the distribution and atmoelaf
bacterial population in the shelf sediments of B&Bengal mainly because such environments have beearely
sampled. Accordingly our principal aim was (1) &te&tmine the prevailing sedimentary environmenéabmeters
in the shelf sediment, (2) to investigate the nuca¢rabundance, and spatial distribution patterhsutturable
heterotrophic bacteria and (3) to corroborate thebgble sediment properties that determine theebatt
distribution and diversity in the shelf sediments.

MATERIALS AND METHODS

Study Area

The study area was the continental shelf regiosoofth east coast of India (Bay of Bengal), extegpdirtween
latitude 10° 36' 00" N to 15° 14' 82" N and léndé 80° 07' 06" E to 81° 35' 09" E (Fig.1), cowe 18 stations over
6 transects. Across the transects, 3 stationsaazliepth of 50 m, 100 m and 200 m were samplethils of the
stations are given in Table 1.

Table 1.Details of sample collection onboard FOR%agar Sampada (Cruise No. 266)

TRANSECTS | STATIONS | DATE OF SAMPLING | DEPTH (M) |LATIT UDE (°N) | LONGITUDE (°E)
< araiial 1 5/5/2009 48 10° 36' 00 080° 07' 06
(KRKL) 2 5/5/2009 9% 10035 32 080° 11' 79
3 5/5/2009 200 10°35 38 080° 2134
Cuddal 6 6/5/2009 29 1193452 0799 54' 94
(C“DLg)Ore 7 6/5/2009 123 11° 3293 079°57 99
8 6/5/2009 210 1193214 0799 58'84
Cheyyur 11 7/5/2009 55 1203135 080° 23' 68
CIVR) 12 7/5/2009 90 12°30%63 080° 35' 21
13 7/5/2009 198 12° 29'44 080° 35'64
chenna 16 9/5/2009 56 13°06'46 080° 26' 80
CHND 17 9/5/2009 108 13° 06'69 080° 3192
18 8/5/2009 205 13°0271 080°37'18
Thamminapatna 21 13/5/2009 53 14° 0946 080° 2189
aeT™) 22 13/5/2009 179 14° 09'41 080°24'41
23 12/5/2009 208 14°09'43 080° 2466
Singarayalonda 26 10/5/2009 50 15° 1482 080° 24 35
(SKOR) 27 10/5/2009 105 15° 15 05 080° 29' 02
28 10/5/2009 190 150 14' 82 081° 3509

Sample collection

Sediment samples for the present study were celleonboard Fisheries and Oceanographic ResearckeNes
(FORV) Sagar SampadgCruise No0.266), Ministry of Earth Sciences, Gowef. India, during May 2009.
Hydrographical data for temperature, salinity arsbalved oxygen were collected from each stationguenboard
CTD (Sea bird, USA). Sediment samples were colteaging Smith Mclintyre grab (0.2%nfrom desired depths.
Sediment from the surface layer (top 5 cm) wastassly transferred into sterile polythene bags amdhediately
subjected to microbiological analysis. Sediment [Hams were preserved at -20°C in a deep freezeoifganic
matter and texture analysis.

Sediment analysis

Grain size analysis

The sediment sample was dried in a hot air oveBOAtC for 48hrs. 10g each of dried sample was acdyrate
weighed and dispersed using sodium hexametaphesfit@#) and kept overnight. Grain size of the sedinwas
measured by separating the fine fraction (<180uynyét sieving. The fine fraction of the sedimentswietermined
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using Particle Size Analyzer (SYMPA TECH, Germanyhe fraction of the sample >180um was dried and
weighed separately.
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Figure 1: Location of sampling stations in the stug area.

Biochemical and elemental analysis

Sediment samples from each station were subjectezthémical analysis to determine the total orgamidbon
(TOC) and organic matter (OM) content. Samplesewsmwdered well after drying in hot air oven af®dor 48
hrs. The organic carbon was determined usingatititr method according to El Wakeel and Riley [26# organic
matter contents were determined by multiplying élhganic carbon concentrations by the factor 1.724.[Total
carbon (TC) and total nitrogen (TN) analyses wendqumed using a Vario EL IIl CHNS Analyzer.

Microbiological analysis

Estimation and identification of total heterotroptiacteria (THB)

Sediment samples collected from the shelf regioasevgerially diluted with sterile seawater. ZoBel216e agar
was used for the isolation of total heterotrophacteria employing the conventional spread platéhateThe plates
in duplicate were incubated at 28 + 2°C for 5-7ddyolonies were counted and expressed as colomyrfg units

(CFU) per gram dry weight of sediment. Well isothteacterial colonies were randomly isolated fromtgd. The
cultures were repeatedly streaked on nutrient plgdes for purity and preserved in nutrient agaisvoverlaid with

sterile liquid paraffin. By gram staining, sporaistng and biochemical tests, the isolates weratified up to

generic level following Bergey's Manual of Systerod&acteriology [28] and taxonomic scheme of Oli{29].

Statistical analysis

Univariate and multivariate community analyses weagied out using statistical softwares XLSTAT(042.6.01
(Addinsoft), ORIGIN v.6.0, SPSS v.19.0 and PRIMER % Spearman-rank correlation analysis was peréalrto
test relationships between environmental parametedsheterotrophic bacteria. Analysis of varia(BBIOVA)
was used to find out the differences in environmkwnariables and bacterial population between kineet depth
regions and transects. post-hocTukey test was adopted to determine if there wigeificant differences among
the depths. Probabilities (p) of <0.05 were congddo be significant. Similarity between statiawvith respect to
the generic composition and diversity indices wanalysed using statistical software PRIMER v6. Tieak the
similarity between stations the heterotrophic bd@teommunity at different depths were analysechigrarchical
agglomerative cluster analysis based on Bray-Cusitisilarities and the results were plotted into imation
graphs.To select the variables that best explaén distribution of heterotrophic bacterial commuastiin the
sediment, the BIOENV analysis was carried out (BZaytis similarity coefficient, Spearman rank cdaten
method). The Principal Component Analysis (PCA,nmalized data) was done for ordination of the sample
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locations in relation to sediment factors aftetahle transformation of data. The canonical cowadpnce analysis
(CCA) was performed to identify relationships amahg spatial distribution patterns of heterotropbécteria and
environmental gradients. CCA analyses included [atimn data for 6 dominant bacteria and major envinental
variables. CCA included a Monte Carlo permutatiest t(with 999 unrestricted permutations) to detaarihe
significance of heterotrophic bacteria - environtrehationships.

RESULTS

Abiotic factors

The key hydrographical parameters (Fig.2) sucheagperature, salinity, dissolved oxygen and pH dit vary
significantly (p<0.05) between transects. Tempeeasihowed significant variation (13.10 - 27.52°Qthvdepth i.e.,
50, 100 and 200m (p<0.05). Mean bottom water gglimas 34.78 + 0.14 psu (range: 34.41 - 34.95 pBigsolved
oxygen ranged from 0.07 - 3.63 ml/l (mean: 0.82@51ml/l) and was considerably low at 200 m (0.az02 ml/l).
Mean pH of the sediment was 7.71 £ 0.36 (range: 8.3).

Sediment characteristics

Sediment was olive green to grey in colour andsiadiment types ranged from fine clay silt to fimad (Fig.3).

Organic matter present (Fig.2d) in the shelf sedisalid not show any significant (p<0.05) spatiatiation

between transects, though it was slightly greatematds northern latitudes of the study area. Omardtter ranged
from 0.95 - 3.76% of dry wt. and was found to beximaim at 200m depth (mean = SD: 1.53 £ 0.53) foHavby

100m (mean + SD: 1.53 + 0.29) and 50m (mean = SIB 2 0.65) (Fig. 4). Total Carbon (TC) and Totatrdgen

(TN) in the shelf sediments were 4.86 + 2.83 a8 & 0.04 respectively. Organic matter quality asasured by
molar Carbon/Nitrogen (C/N) ratio was found to be2B + 5.47 (range: 8.44 — 28.38). Significantlyvlgalues

(p<0.05) were sited at 200m depth regions (9.6492)0 Total organic carbon (TOC) constituted ong/22 +

29.34% of total carbon (TC) indicating the dominauo€ inorganic carbon fractions in the shelf sediteeHowever
deeper shelf sediments (200m) had an average ®f 5930.81% TOC.

Singarayakonda

5
Zz 13- < Z 134
[} 2] [}
E 5| 2
L e =
12+ 12
114 o 11
Karaikal
10 T 4 T T 10
78 79 80 81 78
Longitude (E) Longitude (E)
(a) Temperature (b) Salinity

122
Pelagia Research Library



Jimly C. Jacobet al Adv. Appl. Sci. Res., 2013, 4(2):119-133

1
- - .
157 /" 154
- o i i3 ;. e
- o
14,5 = | 14 = =
. = o .
' B -
z 1348 & - Z 1348
= ‘ ' @ ri
2 B 5. : [EEw
® - . . W L .
- B -
124 . - 124 .
. - o -
1M1 3 1M1
. -
10+— 10+—
78 78
Longitude (E) Longitude (E)
(c) Dissolved oxygen d) Organic matter

Figure 2: Distribution of (a) Temperature, (b) Salnity, (c) Dissolved oxygen and (d) Organic mattemi the shelf sediments of south east
coast of India
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Figure 3: Ternary plots showing the distribution of silt clay and sand at 50, 100 and 200m depth regis in the shelf sediments of south
east coast of India.

Heterotrophic bacterial abundance

Total heterotrophic (culturable) bacterial populatranged from 4.87 x 16 2.32x 16 CFU ¢'dry wt. Significant
(p<0.05) differences between the northern and sonothatitudes was reflected in the bacterial abooda The
culturable bacterial population was higher towandgthern latitudes. Though not statistically sigiaiht, bacterial
density was higher in the deeper regions of théf skdiment. Mean bacterial density at 50m was 4-883 x 10

CFU/g dry wt., at 100m 4.28 + 2.7 x 1GFU/g dry wt. and at 200m, it was 2.11 + 1 X OQFU/g dry wt. (Fig.5).
Bacterial abundance was generally higher in clarey clayey silt sediments.

123
Pelagia Research Library



Jimly C. Jacobet al Adv. Appl. Sci. Res., 2013, 4(2):119-133

Organic Matter (%)
N
1
—A

==

T T T
AS0M B100M C200M
DEPTH

Figure 4: Box plot showing the concentration of orgnic matter at 50m, 100m and 200m depth regions alg the shelf sediments of south
east coast of India.

54 T
— T
H
=
O —_
=
S 44
L
(@]
o
o
m
I 34
T3
2 T T T
AS0M B100M C200M
DEPTH

Figure 5: Box plot showing total heterotrophic bactrial population present in the shelf sediments cfouth east coast of India.

Generic composition of heterotrophic bacteria

About 382 bacterial strains were isolated fromghelf sediments of south east coast of India. Wene identified
based on morphological and biochemical tests aassifled into 14 genera. Among the 382 culture$p 2vere
gram positive and 73% gram negative. Majority @& tholates were white or off white in colour and higmented
(vellow and orange) forms were scanty. Most ofiffsdates exhibited considerable biochemical vdigatBacillus
(22%) was found to be the predominant genus albagshelf sediments followed B¥ibrio (20%), Alteromonas
(14%), Alcaligenes(10%), Enterobacteriaceae (10%)inetobacter(5%) andFlexibacter(4%) (Fig.6A). Gram
positive cocci were comparatively lesser. At 50eptth (Fig.6B)Vibrio (21%) was the dominant genus followed by
Bacillus (19%), andAlteromonas(13%). Bacillus was the abundant genus at 100m (25%) (Fig.6Cyviet by
Vibrio (23%). At 200m depth alsBacillus (23%) dominated followed bjlteromonag(17%) (Fig.6D). Bacterial
communities in the shallower regions (50 and 10@m)e more or less similar but at deeper region®r0 they
showed considerable differences in their occurredmio, Alcaligenes, Pseudomonaad Moraxella which were
dominant in the shallow sediments were lesserardéieper regions. Incidence of Enterobacteriacedi@lasence of
Photobacteriumat 200m was remarkabléacillus was prevalent off Karaikkal and Cuddalordibrio off
Thamminapatnam and Chennai alteromonaff Chennai and Cheyyur.
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Figure 6: Percentage contribution of different genga present in the shelf sediments (A- Total, B- 507C- 100m and D- 200m depth) of
south east coast of India.

Statistical analysis

The Shannon-Wiener diversitid) ranged from 2.48 to 3.11, clearly showing theedse nature of heterotrophic

bacteria at different stations (Table 2). With thanber of species ranging from 68, values recorded were on the

higher side and it attributed to the higher evean8s9952 to 0.9973H' values also implies a marginal depth wise
variation in the study area. Species richness hbgéwveen 1.56 to 2.39.

Spearman rank correlation coefficients were conmgpie all interrelationships between study varialid&cept for
pH, all variables were significantly correlated lwitach other (Table 3). Statistical analysis shothet! bacterial
abundance showed significant positive correlatidth wercentage of silt (r = 0.849, p< 0.001), c{fay 0.862, p<
0.001), organic carbon (r = 0.723, p< 0.001) tatabgen (r = 0.833, p< 0.001) and sediment depth @.496, p<
0.05). Correlation between these parameters iepted in figure 7. Organic carbon (OC) was stromglyelated to
the fine fraction of sediment (r = 0.827, p< 0.Q@IOENYV analysis for matrices showed the setsasfables with
highest influence on bacterial distribution in thieelf sediments. The combination of environmentlameters
which best explained the distribution patterns dizsolved oxygen, clay, silt and total nitrogerg{tastp value =
0.644; Table 4).

Table 2. Diversity indices of bacterial genera premt in the shelf sediments of south east coast afdia (S - number of genera, N- total
number, d- species richness, J'- species evennd4$log2)-species diversity, 1x'- species dominance)

Stations | S| N d J' H(log2) | 13
KRKL-A | 9 | 29 | 2.378| 0.9829 3.116 0.9122
KRKL-B | 8 | 26 | 2.148| 0.9595 2.879 0.8864
KRKL-C | 9 | 28| 2.39| 0.9746 3.089 0.9081
CDLR-A | 9| 29| 2.384| 0.977§ 3.1 0.91
CDLR-B | 6 | 23| 1.596| 0.9611 2.484 0.8467
CDLR-C | 6| 23| 1.596] 0.9611 2.484 0.8467
CHYR-A | 8 | 27| 2.128| 0.9741 2.922 0.8944
CHYR-B | 9| 28| 2.39| 0.9754 3.093 0.9082
CHYR-C | 8| 26| 2.144| 0.9634 2.89 0.8881
CHNI-A | 7| 25| 1.87| 0.9639 2.706 0.8717
CHNI-B | 9| 28| 2.395] 0.9737 3.087 0.9066
CHNI-C | 8| 27| 2.122| 0.9781 2.934 0.8968
TPTM-A | 8 | 27| 2.127| 0.9753 2.926 0.8949
TPTM-B | 6 | 22| 1.607] 0.952 2.461 0.83p
TPTM-C | 6 | 24| 1.565 0.997 2.578| 0.8673
SKDA-A | 8 | 27| 2.118| 0.9814 2.944 0.8983
SKDA-B | 8 | 27| 2.124| 0.9767 2.929 0.89%8
7

SKDA-C 26| 1.838] 0.994% 2.792 0.888

*(A-50 m, B-100 m, C-200 m depth)
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Table 3. Spearman correlation analysis between emenmental variables and bacterial population.Significant values at the level of significance g0.05 are given in bold

Depth Temperature Dissolved oxygen Salinity

Silt Clay Sand ocC OM

Variables m (O (mir) ) A ) MR ¢ S O M 1 M)
Depth (m) 1
Temperature (°C) -0.930 1
Dissolved oxygen (ml/l)| -0.787 0.792 1
Salinity (psu) 0.891 -0.891 -0.672 1
pH -0.154 0.231 -0.017 -0.181 1
Silt (%) 0.595 -0.676 -0.631 0.434 -0.063 1
Clay (%) 0.430 -0.490 -0.558 0.236 0.110 0.905 1
Sand (%) -0.554 0.622 0.610 -0.387 -0.023 -0.948 -0.973 1
OC (%) 0.596 -0.662 -0.604 0.480 -0.077 0.827 0.739 -0.795 1
OM (%) 0.609 -0.672 -0.612 0.491 -0.081 0.828 0.735 -0.794 0.999
TC (%) 0.098 -0.073 -0.018 0.253 -0.257 -0.4670.585 0.511 -0.281 -0.279
TN (%) 0.711 -0.738 -0.688 0.527 -0.100 0.940 0.886 -0.944 0.836 0.839-0.335
C/N (%) -0.633 0.593 0.521 -0.507 0.418 -0.470 -0.428 0.490 -0.206 -0.217
THB (log) 0.496 -0.552 -0.738 0.286 0.204 0.849 0.862 -0.866 0.723 0.727-0.395 0.833

Table 4. BIO-ENV analyses indicating which of the masured environmental parameters best explain theommunity pattern in shelf sediments

SI.No | Spearman rank correlation Best matching variables
1 0.644 Dissolved Oxygen, Clay, Silt, Total Nitrogen
2 0.643 Dissolved Oxygen, Clay, Silt
3 0.636 Clay, Silt
4 0.635 Dissolved Oxygen, Clay, Silt, Total Organariibn
5 0.634 Dissolved Oxygen, Clay, pH
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Hierarchical clustering analysis delineates thedyéal communities of the sampling stations int@ twain groups
(Fig. 8). The dichotomy includes tlmme that groups 50m, 100m and 200m depth regior@udtialore forming
79% similarity and another cluster that incorpcsa#t other stations (50% similarity). In the segdamwoup, all the
representative depths at Karaikal and 100m deptbhafyyur form a cluster with 65% similarity. Similia50 and
200m depth regions off Cheyyur and 200m depth dferhai form another cluster with 70% similarity.€eTh
Principal component Analysis (PCA) showed highenilsirity of environmental characteristics withinspective
depth regions (Fig.9). The PCA results shows ctasté sampling sites that correspond relativelylveltheir
spatial distribution. The variability of temperagudissolved oxygen, pH, organic carbon, silt, ctand, TOC, TC,
TN, total inorganic carbon, and depth were evabliaterincipal component | explained 75.2% of thealtot
variability, whereas component Il explained 14.8&tiability. First two components together explab?o of the
data variance between stations. Temperature, dessalxygen, pH, sand, total carbon and total inociggaarbon
showed a positive correlation with PC |, while,sdilved oxygen, silt, clay, total organic carborakmitrogen and
depth showed a negative correlation. With PC ipgerature, dissolved oxygen, pH, and clay showedsitive
correlation, whereas all other factors were negéticorrelated. The PCA analysis demonstratedtti@sediment
characteristics differ between the three depthoregin the shelf sediment. Based on the resulBG#, parameters
such as dissolved oxygen, temperature, sand, and Wére only included for the canonical correspoden
analysis (CCA) as these parameters did showedfis@mi (p<0.05) bathymetric variation. The CCA ralez that
the selected environmental parameters had promisiiigence on the spatial distribution of culturalidacteria
(Fig.10). The first two CCA axes could explain 744 variability of environment parameters (eigeruealaxis 1 =
0.059 and for axis 2 = 0.043).
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Figure 7: Relationship of bacterial population to:A- Total Organic Carbon (TOC); B- Total Nitrogen (T N); Sediment texture: C- Silt
and D- Clay content; E- Depth.
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sediments
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Figure 10: Canonical Correspondence Analysis (CCAghowing 6 most important bacterial genera, environrantal variables, and
sampling sites. Vector lines represent the relatiahip of significant environmental variables to theordination axes; their length is
proportional to their relative significance.

DISCUSSION

In the present study, bottom water temperature sboavsignificant (p<0.001) relation with heterotrmpbacterial
density which is in agreement with other systenmis@yl and Kop [30] suggested that temperatureosa single
factor but it acts simultaneously with other fastgorganic nutrient quality and quantity, phytojpdnm activity,
flagellate grazing) in controlling bacterial dynasii Dissolved oxygen concentrations also showeirfisant
negative correlation with THB and depth. Dissolwegygen values tend to decrease below 0.5 ml/I @tra@epth
which can be due to the existence of oxygen mininayar (Q concentrations < 0.5 ml/l) at that region. Baeteri
identified from this zone are of great ecologicapobrtance as they take part in decomposing, mizergland
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subsequent recycling of organic matter [31]. S$glishowed least variation, latitudinal as welldepth-wise; Bay
of Bengal has relatively low salinity due to hignoff [32] and precipitation [33].The pH of battowater ranged
from 7.3 to 8.7 similar to that reported for tragdi©cean waters [16].

The main parameter that limits the density, distiin and diversity of benthic community in sedirhinthe grain-
size and organic matter [3]. Factors such as tttenée setting, river input of sediment and transpy waves and
currents governs the sediment type of the contidestielf [34]. Several studies have shown an irevestationship
between the particle size of marine sediments amgbws measures of 'nutritional quality' such aganic matter
concentration or bacterial abundance [35]. Ourystaldo presented a highly significant (p<0.001) aedative
correlation between bacterial abundance and meain gize. Fine grained sediments carried high dcgaratter
content and supported a higher bacterial humbecaomspared to coarse sediments. Percentage of fiam gr
sediments significantly correlated with depth ©.595, p <0.01). In the shelf sediments of souttt eaast of India
at 50 m and 100 m depth, the sediment was sandwa@®@0 m depth it was clayey silt. This is in agnent with
the report that sandy sediments dominate the camttih shelves [36]. The organic contents in thelgaediments
were 1-2 orders of magnitude lower than those ofidyusediments [37] which support less surface doea
bacterial attachment compared to clayey sedime&@F Benthic bacteria which signify a key step lie tbenthic
food web play a predominant role in the early digggts of organic material in marine environmenis But the
benthic responses vary from place to place depgnainthe quantity and quality of the sedimentingtipalate
organic matter [39] which have attributed to th#edénce in total heterotrophic bacterial populatia different
stations. In the present study, THB showed a sgmif positive correlation to organic matter (r 2, p< 0.001)
and the organic matter present in the shelf sedsnearied significantly with depth (r = 0.609, p<00). Mean
concentration of organic matter present in theegasthelf sediment was 1.85 + 0.67% which was Ilathan its
western counterpart, Arabian Sea [40]. But theeslere comparable to that of north western Blazk shelf [41]
Great Barrier Reef shelf [42], South Atlantic Bigtuntinental shelf sediments [43], and the sheffirments of
China Sea [44]. In shelf sediments, concentratioorganic matter reflects the productivity in owanlg waters and
shallow depth. The primary productivity in Bay oémjal is relatively low due to narrow continenthel$ and
heavy cloud cover combined with high quantity afiteenous organic matter which affects light peaiidin [45].
Due to high terrigenous input the organic carbax fio this Bay is much reduced [46] which leadshe lower
concentration of organic matter along the shelfreedts. Though the riverine flux may bring in nemts, they are
thought to be lost to the deep because of its nasteelf [47].

The carbon/nitrogen ratio (C/N) has been useddblight the quality of organic matter and influerafeterrestrial
environment in marine sediments [48]. Low valuesCéfl (< 10) indicate presence of relatively frestd aasily
degradable organic matter of high nutritional coyaklwhilst high C/N ratio (> 10) indicates the pease of more
refractory organic matter of continental origin J4bh the present study average C/N ratio at 20@pitid regions
were 9.64 + 0.92 denoting the presence of highitrrtal quality organic matter in the deeper frao8 of the
sediment.Organic matter at 50 and 100m was momaatefy in nature, with C/N ratio greater than This

observation was substantiated from the resultsNM®XA that there was a significant variation in #@ncentration
of organic matter between the upper and deepemsedifractions. C/N ratio obtained in this studysveamparable
with that of north western Black Sea shelf (8.795-36) [41] and Pereque Beach, Brazil (6.08 — 2[1.6). Total

Nitrogen (TN) in the marine sediments plays an irtgrat role as a source of nutrients [50] and wasdbto be
more at 200m depth.

Bacteria accountable for most of the benthic bi@{8% in marine ecosystems can contribute signifiigato the
heterotrophic activity in the system. The tradiibway of assessing the number of living bactesinased on their
ability to grow in culture media. Studies conductgdPinhassi et al. [51] have shown that the calile colony-
forming units (CFU) on agar plates can form a lafggction from the marine environment. The numdrica
abundance of culturable heterotrophic bacteridénpresent work (range: 4.87 x°16 2.32 x 16CFU g* dry wt.)

is within the ranges reported earlier from the talaswaters [23-25] and continental slope sedim§t$ of south
east coast of India. When compared to 50m deptbtebal population was marginally higher in 200nptte
Remarkable variation in abundance was noticed ketilee northern and southern latitudes. Factohsein€ing the
vertical and horizontal distribution of heterotrapbacteria in the shelf sediments were evidenhftbe statistical
analysis. BIOENV analysis identified a set of eomimental parameters which best explained the loigton
patterns as dissolved oxygen, clay, silt and toiabgen ¢ value = 0.644). The importance of temperature,
dissolved oxygen, pH, sand and total carbon onebiattdistribution was validated from the Princigad@mponent
Analysis (PCA).

Among the 382 cultures isolated from the shelf medits 27% were gram positive and 73% gram negdiased
on the assessments of culturable microbes, 80% &5mnarine bacteria are gram negative rather ¢gftam positive
[52]. The Shannon —Wiener diversity, which is extgaly used for comparing diversity between varibaditats,
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obviously showed the diverse nature of heterotrojtiaicteria at different stations. Bacterial geneomposition
obtained in this study was comparable to thosedireéeported from the coastal areas of Bay of B2ga24, 53]
and Central Indian Ocean Basin [5Bhcillus(22%) was found to be the dominant genus followg®ibrio (20%)
Alteromonas(14%) and Enterobacteriaceae (10%). This predorniniistribution of Bacillus in the marine
environment is probably due to their ability toisesinfavourable conditions by the production ofi@spores [53].
Pseudomonaand Vibrio are the native inhabitants of marine environmemt the dominant bacterial flora [55].
FurthermorePseudomonagd/ibrio andMoraxella play an important role in nitrogen cycling andtle degradation
of several synthetic organic compounds [16, 56-B¢tordingly, the generic composition was condudiveuggest
that the existing bacterial communities are likelylay a very active role in the rapidsitu degradation processes.
Canonical correspondence analysis (CCA) revealsntipertance of dissolved oxygen, temperature, silhd and
TOC in the spatial distribution of dominant gengralipsi.e., Bacillus, Vibrio, AlteromonasAlcaligenes,
Enterobacteriaceae aAdinetobacterBIOENV analysis supplemented a significant catieh of dissolved oxygen
to the biotic parameters. The decline of diversitythe continental margins (200m) may be due tadtieterious
effects of hypoxia impacted by an OMZ. From theadiatwas clear that oxygen was a crucial factortrmdimg
biodiversity in the regions of OMZ where D.O wasvist. Cluster analysis based on the different gemes
supportive in finding natural groupings of the istas, such that stations within a group were fotmte similar to
each other.

CONCLUSION

Importance of sedimentary environmental parametecsntrolling the benthic bacterial community ajaihe south
eastern shelf sediments of India was apparent frosistudy. Multivariate analysis revealed thatamig matter
concentration and sediment grain size are highifyoborating factors influencing the abundance,igeltorizontal
distribution and generic composition of culturableterotrophic bacteria inhabiting the shelf seditneBacterial
population in the south eastern shelf increasesardsv northern latitude and was greater at deepgpon®
characterised by clayey silt devouring higher oigamatter. C/N ratio endorses the nutritional dqyadif the organic
matter classifying it to be mainly labile.Thesetéas promote the proliferation of THB at deeperrsegts and
Bacillus was the single dominant genus in sediment.CCAltesavealed that different bacterial genera have
different relationships with sedimentary environtsewhich allowed a shift in the community compasitbetween
the surface and deeper stratum of the sedimemitifiéel bacterial genera suggest that the contalestielf of Bay
of Bengal sustains copious bacterial populatiorhwiigh metabolic versatility. These different baietiegroups
could act synergistically to achieve the degradgatibmost of the autochthonous or allochthonousuoiggmatter in
the shelf sediments.
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