Available online at www.pelagiaresearchlibrary.com

Pelagia Research Library

Advances in Applied Science Research, 2013, 4(3)53228

Library Library

ISSN: 0976-8610
CODEN (USA): AASRFC

Biogeochemistry of the shelf sediments of south éam Arabian sea:
Effect on benthic bacterial heterotrophs

Ramya K. D2, Jimly C. Jacob', Neil S. Correyd, Bright Singh I. S?and Rosamma Philig

'Department of Marine Biology, Microbiology and Bieenistry, School of Marine Sciences,
Cochin University of Science and Technology, Firte Avenue, Kochi, Kerala, India
’National Centre for Aquatic Animal Health (NCAAIGpchin University of Science and
Technology, Fine Arts Avenue, Kochi, Kerala, India

ABSTRACT

The composition and variability of heterotrophiccheria along the shelf sediments of south westtanfdsidia and

its relationship with the sediment biogeochemistas investigated. The bacterial abundance rangethft.12 x
10° — 1.88 x 10 CFU g* dry wt. of sediment. The population showed siganifi positive correlation with silt (r =
0.529, p< 0.05), organic carbon (OC) (r = 0.679, 8<05), total nitrogen (TN) (r = 0.638, p< 0.05ptal protein
(TPRT) (r = 0.615, p< 0.05) and total carbohydraf€CHO) (r = 0.675, p< 0.05) and significant negativ
correlation with sand (r = -0.488, p< 0.05). Comnitynwas mainly composed of Bacillus, Alteromonabyiv,
Coryneforms, Micrococcus, Planococcus, Staphylagscc Moraxella, Alcaligenes, Enterobacteriaceae,
Pseudomonas, Acinetobacter, Flavobacterium and rhemas. BIOENV analysis explained the best possible
environmental parameters i.e., carbohydrate, totitdogen, temperature, pH and sand at 50m deptha@ganic
matter, BPC, protein, lipid and temperature at 20@epth controlling the distribution pattern of hetophic
bacterial population in shelf sediments. The PpatiComponent Analysis (PCA) of the environmendaiables
showed that the first and second principal comporertounted for 65% and 30.6% of the data variance
respectively. Canonical Correspondence Analysis AlC@vealed a strong correspondence between batteri
distribution and environmental variables in thedtuarea. Moreover, non-metric MDS (MultidimensioSakling)
analysis demarcated the northern and southernudés of the study area based on the bioavailaldamic matter.
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INTRODUCTION

Marine sediment overlay two-thirds of the earthisface representing one of the largest microbibitats on Earth
[1]. It is complex in nature and acts as the fistarage ground for organic input from water colupnacesses [2].
Bacteria that dwell on these sediments accountrfost of the benthic biomass and play a decisive iolthe

decomposition as well as production of organic erg3-4] and thereby contribute greatly to ovelatichemical

cycles [5]. They carry half of the primary prodaction the planet [6] and play a majote in the structure and
functioning of the benthic food web [4].

Marine sediment harbour remarkably high densitamiroximately 19 bacterial cells cif, irrespective of ocean
depth [7]. Their distribution, structure and adijivare strongly affected by a great variety of ptgisfactors such as
temperature [8], sediment type [9-10], chemicaltdex such as organic matter content [11], qualityoi@anic

matter [12-13] and biological factors such as comityustructure [14], level of predation or grazifigh]. Besides

these, the composition of benthic microbial comriasiis strongly correlated with latitude, demoatitrg that

biogeographic factors are significant determinafithe microbial diversity [16].
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Exploration of microbial diversity is undoubtedlytapic of great importance. Microbial community ustiure
analysis can provide a better understanding oftfonal and biogeographical relationships [17]. Migial diversity
can be studied by a combination of cultivation-defsnt and independent approaches. Though cultutepémdent
techniques provide good taxonomic classificatio] they do not elaborate their metabolic potentsaid roles in
maintaining various ecosystem processes and prawde and potentially active species for further liagion.
Moreover, Ettoumi et al [19] noticed almost samepuortions of bacteria in both culture- dependend an
independent approaches. In the present study wewied culture-dependent approach to study the Hhatte
diversity present in the shelf sediments of Aralfs®a. To date several studies have been carrieth @sisess the
diversity of bacteria in marine sediments [20-26] little has been carried out in the continentadlssediments of
south west coast of India. In this study we ingzdtd the spatial and vertical distribution of bémbacteria, and
their diversity in relation to sediment biogeochstmyi of the shelf sediments of south west coagtrabian Sea.

MATERIALS AND METHODS

Sampling site and sample collection

The sampling site was the continental shelf regibsouth west coast of India. Sediment samples wellected
from 50 and 200m depth using Smith Mclintyre gra2rf) during Cruise No.258 (October 2008) of FORNgar
Sampada The study area spanned between latitudéd784"N to 1%00'40"N and longitudes 79'89"E to
73°00'32"E (Fig.1) covering 20 stations over 10 temns(Cape Comorin, Trivandrum, Kollam, Kochi, Catic
Kannur, Mangalore, Bhatkal, Goa and Ratnagiri). flamwere transferred aseptically into sterile gepe bags
and immediately subjected to microbiological analy§he remaining portion was frozen at -20°C fogamic
matter and texture analysis. Details of the sargmiations are given in Table 1.

Latitude (N)
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Fig 1: Location of sampling stations in the study gea

Abiotic parameters
Water temperature, salinity and dissolved oxygehaifom water overlying the sediment were recorilech each
station using on board Sea Bird CTD system (USAjli®ent pH was determined using a portable pH meter
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Sediment characterization

Grain size analysis

The sediment samples were dried overnight in aalvodven at 60C. 10g each of dried sample was accurately
weighed and dispersed using sodium hexametapha&s{tifo) and kept overnight. Grain size analysis was
performed using a Laser Diffraction Particle Sizealyzer (SYMPA TECH, Germany) and was characterized
following the textural classification by Shepardiavioore [27].

Table 1: Details of the sampling stations along thehelf sediments of south west coast of India

TRANSECT STATION [ DATE OF SAMPLING [DEPTH (M) [LATITUD E (°N) [ LONGITUDE(°E)
CAPE COMERNN (CAPE)—— 161008 S Gis 1758 00
TRvANDRU Y| — e L B o
KOLLAM (KLM) 1 141008 G015 56 o
KOCHI (CHN) s 131008 R
z o N don | e
AR (7 . o . et
MANGALORE (uGLFE) [—2 sios .
BHATKAL (BTKL % 510,08 Tai7? D o
GOA 42 6-10-08 54 1530'.06 7827'. 04

44 5-10-08 215 1530'.08 7850'. 94
TG GGR) | Lo ol e | g

Sediment organic matter content

Sediment samples were powdered well after dryingadinair oven at 60C for 48 hrs and the organic carbon was
determined by wet oxidation method [28]. The amafrdrganic matter was determined by multiplying tirganic
carbon concentrations by the factor 1.724 [29].

Biochemical composition of sediment organic matter

Protein present in the sediment was estimatedrasquery et al. [30] with bovine serum albumin aargdard. Lipid
was determined by Sulphophosphovanillin method [&ihg cholesterol as standard and carbohydratehbpol
sulphuric acid method [32] with glucose as standAfbdanalysis was carried out on three replica@stbohydrate,
protein and lipid concentrations were convertedaxbon equivalents by using the conversion fadot8, 0.49 and
0.75, respectively [2] and biopolymeric carbon antcation (BPC) was calculated as the sum of castiaite-C,
protein-C and lipid-C [33]. The total carbon andatanitrogen content of the samples were determimgdg an
automatic CHN Analyser.

Microbiological analysis

Estimation and identification of total heterotroptiacteria (THB)

Sediment samples were subjected to serial diluticsterile seawater and spread plated on to ZoB2R'16e agar
medium in duplicates. The plates were incubatetBat 2°C for 5-7 days and all colonies developedeicounted
and expressed as colony forming units (CFU) pemgday weight sediment. Morphologically differentdberial
colonies were isolated, purified and identified dram staining, spore staining and biochemical t&gte isolates
were identified up to generic level following Beye Manual of Systematic Bacteriology [34] and tagmic
scheme of Oliver [35].

Statistical analyses and Graphics

All data were analysed statistically by varioustwafe’'s XLSTAT v.2012.6.01 (Addinsoft), ORIGIN v(@.and
PRIMER-6. Pearson correlation analysis was perfdrinetest correlation between the investigatedabdes. A t-
test analysis was carried out to test differencesariables between different depths (50 and 20@njersity

indices like Shannon—Wiener diversity index, H'(Bg Margalef's index, d; and Pielou’s evennessindl' were
calculated to describe the bacterial community.cfieck for similarity among stations, all stationsrevordinated
by a non-metric MDS (Multidimensional Scaling) acldssified with CLUSTER analysis. In the clustealgsis,

hierarchical agglomerative clustering (Bray-Cursisnilarity) was used. Non metric multidimensionadakng

(MDS) was also employed to assess the organontiffécences between stations using carbohydratgeior, lipid

and BPC as input variables. BIOENV analysis wasi@aiout (Spearman rank correlation method) toctele best

317
Pelagia Research Library



Ramya K. D. et al Adv. Appl. Sci. Res., 2013, 4(3):315-328

environmental variables to explain distribution tpat of heterotrophic bacteria in the sediment.népial
component analysis (PCA, normalised data) was tsedveal the relationship between environmentaiates.
The canonical correspondence analysis (CCA) wafoqpeed to identify relationships among the disttibo
patterns of heterotrophic bacteria with selectedrenmental variables.

The distribution maps of environmental parametemperature, salinity, dissolved oxygen and orgamatter) and
Total Heterotrophic Bacteria were generated usinge$ 8 (Golden Software Inc., USA).

RESULTS

Abiatic parameters

The important physico-chemical parameters sucleapérature, salinity, pH and dissolved oxygen medron-
board. Temperature was significantly higher at Sfpth compared to 200m depth (t-test, p < 0.05) azdged
from 21.61°C to 28.15°C (mean = 24.68 + 2.34°CHGm depth and 14.44°C to 16.11 °C (15.16 +0.644C00m
depth (Fig.2). Salinity was also significantly heghat 50m depth (35.46 +0.15) compared to 200mhdé38.18 +
0.08; t-test, p < 0.05) (Fig.3). Dissolved oxygérll@ +1.47 ml/l at 50m; 0.18 + 0.09 ml/I at 200rR)g.4) and pH
(7.86 £0.13 at 50m; 7.83 £ 0.12 at 200 m) did inaive any significant variation between different thepegions.

Latitude (M)

Longitude (E)

Fig.2.Distribution of temperature along the shelf ediments of south west coast of India

Sediment characteristics
Sediment texture
Sediment was olive green in colour in the studgaaiThe granulometric analysis showed that sedinvastsilty

sand in nature at 50m depth in almost all statextept Cape Comerin (sandy) and Ratnagiri (claygyand at
200m depth it was sandy or silty sand in naturevards the northern region the proportion of santteised and

silt content increased (Fig.5).
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Latitude (M)

Longitude (E)

Fig.3.Distribution of salinity along the shelf sedinents of south west coast of India

Latitude (M)

i

I
B

Longitude (E)

Fig.4. Distribution of dissolved oxygen along thehelf sediments of south west coast of India

Sediment organic matter

Organic matter in the shelf sediments of south weast of India ranged from 0.95- 6.29% (mean, Z2@8757%).

Significant depth wise variation was observed mmbrthern part of the study area (t-test, p <)0.05ganic matter
was found to be more towards northern latitudethénstudy area. Highest amount of organic mattey eixserved
at 50m depth off Ratnagiri where sediment was glajkt in nature (Fig.6). Total carbon (TC) showsdnificant

depth wise variation and was found to be high&0&m depth regions (8.85 £1.29 %) compared to 56pthd(3.89
+ 2.24 %). But total organic carbon (TOC; 1.54 823%) and total nitrogen (TN; 0.12 + 0.08%) concafidin did

not show significant depth wise variation. Variatio nitrogen followed the same trend as organibaa. C/N ratio
in the sediment varied from 9.49 to 36.91 with eamealue 14.83 + 6.23.
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50m depth 200npde
Fig. 5: Distribution of silt, sand and clay in theshelf sediments of south west coast of India

ORGANIC MATT ER('%0
1

Fig.6. Percentage of organic matter found at 50 an#l00m depth regions along the shelf sediments ofusb west coast of India

Biochemical composition of sediment organic matter

Concentrations of total carbohydrates (TCHO), pnatéd TPRT) and lipids (TLIP) in the shelf sedimenfssouth

west coast of India were calculated. Lipids wére major class among labile organic compounds &ad®- 5.1
mg/g; mean= 3.0 + 1.2 mg/qg) followed by proteinn@a: 0.1- 7.3 mg/g; mean= 1.5+ 2.0 mg/g) and carthatte

(range: 0.4- 3.5mg/g; mean=1.2 + 0.9 mg/g).Theseetariables did not display significant depthemigriation.

MDS analysis showed that the northern and soutlagitodes of southwest coast of India clearly diéfatiate each
other based on biochemical composition of the sedtr(Fig.7).

Biopolymeric carbon ranged between 1.08 — 8.5 nagygwt. sediment (mean = 3.42 + 186hg/g) and did not
show any significant depth wise variation in thelsbediments .About 71% of BPC was constitutedigag (2.26 +
0.89 mg/g) followed by protein (15%; 0.68 + 0.99/g)gand carbohydrates (14%; 0.48 + 0.33 mg/g). BRS
found to be higher towards the northern regionthefstudy area.

Total heterotrophic bacterial population

Total heterotrophic (culturable) bacterial popuatdid not show significant depth wise and latitadivariation.
Population ranged from 1.12 x %0 1.88 x 16 CFU g' dry wt. with its maximum at 50m depth off Ratnagind
minimum at 200m depth off Ratnagiri. The sedimeaswlayey silt in nature at 50m depfii Ratnagiri resulting in
higher bacterial population whereas at 200m depthas silty sand in nature containing numerous dezalls.
Comparatively higher bacterial population was ceidi at 200m depth off Bhatkal (9.5 x°1@nd 50m depth off
Goa (5.9 x 19(Fig.8).
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Fig 7: MDS plot based on biochemical compositionféhe sediment

Hr H
——

THE icfudy dry wt -log waue)

Fig.8.Distribution of total heterotrophic bacterial population at 50 and 200m depth regions along thghelf sediments of south west coast
of India

Generic composition of heterotrophic bacteria

Altogether 342 cultures were isolated from the sbedliments of south west coast of India. Out ¢f 8dltures 45%
were gram positive and 55% gram negative. Deptle wegiation was meagre in the distribution of gnaositive
and gram negative bacteria. In the sedinatillus (17 %) was found to be the dominant genus followsd
Alteromonas(12%) and Vibrio (11%). CoryneformsMicrococcus Planococcus StaphylococcuysMoraxellg,
Alcaligenes Enterobacteriacead?seudomonasAcinetobacter Flavobacteriumand Aeromonaswere the other
identified genera/groups from the shelf region @igBacillus Alteromonas Vibrio and Micrococcusshowed a
cosmopolitan distribution along the shelf sedimeftsryneforms was dominant off Goa, Kozhikode armdhin.
PlanococcusFlavobacteriumand Pseudomonadominated the southern transedtcaligenes Enterobateriaceae,
Acinetobacterand Aeromonaswere found to be dominant along Ratnagiri coddéxibacter showed their
representation only along Mangalore and Cochin tcosis50m depthBacillus (20%) was the dominant genus
followed by Alteromonas(14%), Vibrio (11%), Micrococcus(10%) andAcinectobacter(7%) (Fig.10). At 200m
depth alsoBacillus (14%) was the dominant genera followed \iprio (11%), Alteromonag9%), Acinetobacter
(9%) andMicrococcus(10%) (Fig.11).
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Fig 9: Percentage contribution of different generan the shelf sediments of south west coast of India
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Fig 10: Percentage contribution of different generan the shelf sediments of south west coast of Iredat 50m depth

Statistical analysis

The Shannon-Wiener diversity (H'(log 2)) rangednfr®.5 to 3.5, clearly showing the diverse nature of
heterotrophic bacteria along south west coastdial(Table 2). With the number of genera rangimgrfi6 -12 the
study area showed considerable depth wise varigdipecies richness ranged between 2.44 to 4.27.

The Pearson correlation coefficients (Table 3) s@weignificant positive correlation of total hetiophic bacteria
with silt (r = 0.529, p< 0.05), organic carbon (O€F 0.679, p< 0.05), organic matter (OM) (r =&b6 p< 0.05),
total nitrogen (TN) (r = 0.638, p< 0.05), total f@im (TPRT) (r = 0.615, p< 0.05) and carbohyd(@€HO) (r =

0.675, p< 0.05). Significant negative correlationld be observed with sand (r = -0.488, p< 0.0B6}allcarbon (r =
0.815, p< 0.05) showed a significant positive datien with depth. Organic matter showed significaositive

correlation with silt (r = 0.883, p< 0.05) and cl@ay= 0.785, p< 0.05) and significant negative etation with sand
(r=-0.878, p< 0.05).
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Fig 11: Percentage contribution of different genea in the shelf sediments of south west coast of liadat 200m depth

BIOENV analysis revealed that the combination ofiemmmental parameters which best explained theilligion
patterns of heterotrophic bacteria at 50m depth @adohydrate ,total nitrogen, temperature, pH Sadd (q =
0.733; Table 4) and at 200m, organic matter, Bi*@tein, lipid and temperature (q = 0.602; Tat)le

Table 2: Diversity indices of bacterial genera premnt in the shelf sediments of south west coast afdia (S- number of genera, N- total
number, d- species richness, J'- species evennddglog?2) - species diversity, 1x'- species dominance)

TRANSECT DEPTH DIVERSITY INDICES
S| N d J' H'(log2) | 1-Lambda'
52 10| 12| 3.662 0.9978 3.313 0.9829
CAPE COMERIN 207 9 11| 3.3924 0.9981 3.164 0.9807]
TRIVANDRUM 53 8 | 10| 3.084] 0.998 2.994 0.9747
51 9 11| 3.401] 0.995% 3.155] 0.9797
KOLLAM 202 11] 12| 4.064 0.997p 3.452 0.9931
51 6 8 | 2.442] 0.995 2.574 0.9541
KOCHIN 203 10| 12| 3.644 0.995p 3.307 0.9809
54 12| 13| 4.279 0.998 3.578] 0.9917
CALICUT 203 9 | 10| 3.5024 0.996Y 3.159 0.9878
54 8 10| 3.108] 0.9951 2.985| 0.975
KANNUR 220 11] 12| 4.01] 0.996% 3.447 0.9892
51 12| 13| 4.24| 0.997 3.576) 0.9896
MANGALORE 215 10| 11] 3.717 0.997p 3.315 0.9867
53 10| 11| 3.7124 0.996% 3.31 0.9856
BHATKAL 212 9 | 11| 3.349 0.9971 3.161 0.9769
GOA 54 8 9| 3.116] 0.998 2.997 0.9779
215 7| 8| 2812 0.9944 2.792 0.9686
52 8 9 | 3.127] 0.9954 2.986 0.9767
RATNAGIRI 214 11| 12| 4.024 0.995f 3.444 0.9895

Cluster analysis of complete linkage indicated thate are two main clusters. Cluster | mainlgpsisted of 50m
depth regions of Ratnagiri, Mangalore and Goa. t€tui$ divided into two groups i.e., 50m depth @ of Cape
Comorin, Trivandrum, Kollam, Cochin, Calicut, Kamniangalore, Bhatkal and the 200m depth regiotig. 1B).
Principal component | explained 65% of the totalafaility, whereas component Il explained only 38.6ariability
(Fig.13). Temperature, dissolved oxygen, pH, slly, organic matter, total protein, total lipidtdl carbohydrate
and bioploymeric carbon showed a positive corretatvith PC |, whereas sand and total carbon shaweehative
correlation. With PC II, temperature, dissolved gy and pH showed a positive correlation, wherdastlaer
factors showed a negative correlatiocBanonical Correspondence Analysis (CCA) was carmed using
environmental variables and the distribution of dmihant bacterial generaBdcillus Vibrio, Alteromonas
Micrococcus Pseudomona#cinetobactey. CCA biplot showed the eigen values of the first ax@s as 0.029 and
0.0180 respectivelyhe first two CCA axes explained 73.2% variabitifyenvironment parameters (Fig.14).
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Table.3 Pearson correlation matrix of the environmatal variables and THB in the shelf sediments of sgh west coast of India
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Table 4: BIO-ENV analyses indicating the environmetal parameters which best explain the community paern in shelf sediments
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Fig 12: Dendrogram based on sediment biogeochemiaaracteristics recorded at various stations intte south west coast of India
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Fig 13: PCA with habitat data showing the variableghat better explain the distribution pattern of bacteria in the shelf sediments of
south west coast of India.
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Fig 14: Result of CCA showing the variables that liger explain the distribution pattern of dominant bacteria in the shelf sediments of
south west coast of India.

DISCUSSION

Sediment bacteria are one of the most importantpoomnts in benthic microbial food webs and theyy pla
significant roles in the ecosystem as degraderd@maders of organic matter [36]. Explanationstfoe distribution
pattern of microbial communities and their assedahctivity often focus on resource availabilitydaabiotic
conditions [37]. It is well documented that phys@wemical parameters such as temperature, saltoigl, organic
carbon, pH, and the sedimentary process can mtdifpbundance of microorganisms in sediments [4].
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In the present study, distribution of bacteria kaaky depth wise variations. This was observelice&ry Danovaro
et al. [38] in Aegean Sea and Bianchi et al. [38Western Mediterranean Sea. Bacterial populatiothé shelf
sediments showed an uneven distribution and wenedf®o be in a range of 1.12 x*101.88 x 16CFU g* dry wt.
of sediment. This uneven distribution of bactenidhie shelf sediments could be attributed mainigheodifferences
in the nature of the sediment and availability afamic matter. The grain size of sediment determinggreat extent
the number of species within a community and tleeegfit functions as an environmental influencebislogical
diversity [40]. The influence of sediment propest@n distribution of bacteria becomes evident fthencorrelation
matrix. In the present study a significant positbegrelation was observed between bacterial poipulatith silt (r
= 0.529, p< 0.05) and negative correlation withdsén= -0.488, p< 0.05). This positive correlatioatween silt
content and bacterial population is in agreemerth wither reports of greater biomass in more finairgd
sediments [3].The variation seen in the populationdifferent types of sediment is attributed mairty the
difference in the organic matter content. Organiatter in marine sediments is a complex mixture efrithl
material from water column transport and in sitetbdal synthesis [41]. Sandy sediments have ocgeontents
that are 1-2 orders of magnitude lower than thdsawdy sediments [42] and large grain size of sasilts in
less surface area for bacterial attachment compareduddy sediments [43]. In the present study migyanatter
showed a significant positive correlation with cl@y= 0.785, p< 0.05) and silt content (r = 0.888,0.05) of the
sediment and negative correlation with sand confent -0.878, p< 0.05). High bacterial populationvith high
organic matter was found in clayey silt (50m depifhRatnagiri and 50m depth off Goa) or silty sg260m depth
off Bhatkal) sediments of Arabian Sea.

Besides being affected by the quantity of orgarédten, the distribution and density of the micramgms seem to
be controlled by the availability and nutritionabiaity of degradable organic matter [12]. The ld&pilor
bioavailability of the organic matter may be a limjg factor for bacterial growth and for most ofthenthic
organisms [44]. The determination of carbohydrédifgd and protein carbon could be suitable to eatamthe
fraction potentially available to sediment ingegtiorganisms [45]. In the present study lipids fodntke main
component among labile organic pool followed bytpimoand carbohydrates. A significant positive etation was
observed between bacterial population and the carateon of protein and carbohydrate in the studgaaThese
results are in agreement with those reported byolzeo et al. [38] for a wider sector of the Eastelediterranean
Sea.

The high bacterial density coincided with high camttations of BPC in 50m depth off Ratnagiri ana lnacterial
density coincided with low concentration of BPC200m depth off Ratnagiri suggesting that biopolyimearbon
is the main factor that control distribution of éxettrophic bacteria in the sediment.

Nitrogen is a major nutrient element influencing ttycling of organic matter in the biosphere. Bitglorganic and
inorganic forms are closely related to biologicabquctivity and take part in a series of intercartad reactions
which form the nitrogen cycle [46]. A significanbgitive correlation was found between nitrogen aitd(r =
0.892, p< 0.05) and clay (r = 0.732, p< 0.05) contd the sediment and negative correlation witidseaontent (r =
-0.867, p< 0.05). High nitrogen content was recdritiesediments containing higher amount of clay sificcontent
whereas sandy sediments showed minimum contentlaBiralationship between nitrogen content andiplarsize
were found in studies by Trask [47] in marine segfits.

In addition to biopolymeric cabon, the C/N ratiosasso used to highlight the nutritional qualityosfjianic matter.
Low values of C/N represent easily degradable acgematter of high nutritional quality, whilst higB/N ratio
represents more refractory material [48]. The agialgf the C/N ratio at continental shelf sedimarftérabian Sea
showed values higher than 10, except for two siati®Om depth off Kozhikode (9.49) and off Goa J9.Be
presence of high C/N ratios in all other statiomggest the presence of more refractory organicemattthe study
area.

The results of BIOENVI analysis in the present gtulgfine possible environmental constraints colitrglthe
distribution pattern of heterotrophic bacterial plapions in shelf sediments and found that distidyuof bacteria is
not controlled simply by a single parameter bunhffuenced by various factors, such as temperapli,nitrogen
content, organic matter, biopolymeric carbon, ljgitbtein and carbohydrate concentration and seditegture.

Heterotrophic microorganisms are the major agehspisg the organic composition of the marine emment

[49]. About 90% of heterotrophic bacteria in thisvonment constitute gram negative bacteria bexdus gram
negative cell wall is adapted better for survivathe marine environment [50]. In the present stgggm negatives
(about 55%) were dominant which is in agreemenh wiher investigations [21]. The present study alsserved
reasonably high abundance of gram positive bac{db&o) in the shelf sediments which, however, moemmon

trend observed in tropical and temperate maring@mwments [21].
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Major groups that contain culturable members ineltlte gamma proteobacterMilfrio spp, Pseudoalteromonas
spp. and Pseudomonasspp.), the Flexibacter, Bacterioides and Cytophaga phylum [51]. In our study
representatives of these groupbfio, Alteromonas, Pseudomonasd Flexibacte) were identified.

Bacillus represented the predominant genus among the Goaitivp bacteria. This is in accordance with selvera
studies [52-53] which have reportdghcillus as the important gram-positive bacteria in maramvironment
occurring ubiquitously in waters and sediment sasfrom polar to tropics [54]. Vibrios which corste a
significant component of the autochthonous baciefriearious marine environments [26] were also aibundant
along the shelf sediments. The abundanc¥ilfio (11%) observed in the present study is in weleagrent with
the reports of high percentage isolation of vibrio®ff Madras, India [55]. GenuBlicrococcusconstituted a
significant fraction of the culturable bacterialnmmunities of Arabian Sea shelf which was reporteglipusly by
Wood [56] in Australian water®seudomonaform a considerable fraction among gram negativesacterized by
high metabolic versatility, and it is known for @#apacity to degrade a considerable amount of stiothompounds
[57].

Distribution of these dominant groups depends enpttevailing biogeochemistry of the shelf sedimédite CCA
analysis identified TC, silt, clay, sand and BPCtas best explanatory variables in the distributidrdominant
genera likeBacillus Vibrio, Alteromonas Micrococcus Pseudomonasnd Acinetobacterpresent in the shelf
sediments. Distribution oBacillus was influenced by a combination of sediment vdeslsuch as carbohydrate,
protein and BPC concentration.

CONCLUSION

Our understanding of the relationship between logemical parameters of sediment and bacterial agritynin

the shelf sediments of south west coast of Indiémged. The study was carried out to assess tterbtrophic
bacteria and their relation to associated envirorialevariables of the region. One of the major latvens of the
study was that, of all the tested parameters, smgtintexture and quantity/ quality of organic matteere

determining the bacterial diversity in the areaat®megative forms were found to dominate the stedfments of
Arabian Sea. Bacterial communities in the shelirsedts represent a dynamic functional componeititénmarine
ecosystem contributing to the degradation of omgamatter in sediments and an understanding of tiwenelation
with the environmental variables highlight theilerin remineralization.
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