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1INTRODUCTION
Recentlya ?nalreportconcerningthecoal-?eredpowerplantintheGulfof
lskenderunhasbeensubmittedtoPARMAS.Inthisreportthetimeconsuminglaboriousinfaunalcommunityofthebenthicinvestigationwasnotincluded.
Here,theresultsofthebenthicinfaunalstudiestogetherwithgrainsizeanalysiswereappended.Fortheseekofcompletenessofthisreportsomepartsofthe
previousreportrepeatedandnotreferredto.



2MATERIALANDMETHODS
Materialandmethodofbenthicinfaunainvestigationsandthegrainsizeanalysisaregivenintheforthcoming.Firstthemethodsappliedforinfaunaanalysisare
described.Thisisfollowedbythemethodofgrainsizeanalysis.
2.1BENTHICINFAUNA

Figure1showslocationsofthebenthicstationsequallyspacedwithinthestudyareaoffwhichthecoal?redpowerstationhasbeenconsideredtobuilt.Benthic
studyareacovered2.0x1.5km:and16stationsequallyspacedwithlongitudeandlatitudeofthearea.Waterdepthsofthestationsmeasuredwere1-2,7,15,and20
mfromcoastseaward,respectively.Regardingtothebottomdepthsthreedifferentresearchvesselswereusedtodeploybenthos-samplingdevice,a standardVanVeengrab(0.1mlsamplingarea).ThosevesselswereR/VBilim(generaloceanographic—aimedship),R/VLamas(trawlboat),anda smallair-?lledboat(azodiac).R/VBilimwasusedtocollectthesamplesatbottomdepthsdeeperthan10
m,R/VLamasatabottomdepthof7meters,andthezodiacat1-2meters.

¥2+Z2+V2
Figure1:Samplingstations.
B= Benthicinfauna P= PhytoplanktonT= TrawlZ= ZooplanktonstationsV= ROVrecords
Thecircleindicatesdivingsiteattherockyshore;solidlineisthedivingtransect.



Table1:Samplinglocations,waterdepth,date,andtimeofbenthosstations

StationLatitudeLongitudeDepthDate Timecode (In)1301 3649.82 3552.95 01 09.07.19990954
B02 3649.963553.14 01 09.07.19990947
B03 3650.103553.33 01 09.07.199909:40
B04 3650.243553.52 01 09.07.199909:30
B05 3649.633553.16 07 08.07.199811:01
B06 3649.763553.36 07 08.07.199910:49
B07 3649.903553.55 07 08.07.199910:42
B08 3650.053553.74 07 08.07.1999'."L,O;30B09 3649.49 3553.35 11 07.07.199916:05
B10 3649.57 3553.54 15 07.07.199915:50
B11 3649.71 3553.77 16 07.07.199916:01
B12 3649.863553.96 15 07.07.199916:09
B13 3649.22 3553.59 19 07.07.199911:00
B14 3649.373553.79 19 07.07.199916:30
B15 3649.47 3553.99 19 07.07.199916:18
B16 3649.72 3554.22 19.5 07.07.199916:52

ThegrabwasdeployedwithanelectricalwinchatthedeeperbottominrelativetocoastalstationswhileonR/VLamas(stationsB5,B6,B7,B8)andR/VBilim(B9,B10,B11,B12,B13,B14,B15andB16).Thegrabwasmanuallydeployedatthecoastalstations(stationsB1,B2,B3andB4).Thenthesampleswerehandedontothezodiac.Twobottomsampleswerecollectedwiththegrabfromeachofallstations.Oneofthemwasusedformacro—benthosdata,andsigni?cantpartofotherwasstoredintoanylonbagforgrainsizeanalysisofthesediment.Thenylonwas
labeledwithstationandsamplinginformation,thenwasfrozenforthelaboratoryanalysis.
Samplestakenformacro-benthicstudyweresievedwithasetof2,land0.5mm
meshsizesifts.Sedimentsofsoft-bottomsampleswerewashedoutwithjetsprinklerwater.Theresidualsleftoneachsi?weretransferredintoseparateplasticjars.3%formaldehydebufferedwithboraxwasaddedintothejarsinorderto
preservebenthicorganisms.Thelabelscontainingstationinformationeg.locationandbottomdepthofstation,samplingdateandtime,andmeshsizeofsiftusedforthesampleswerestuckonthejars.
Sortingprocessofthebenthicorganismsiscarriedoutinthelnstitute’slaboratory.Theprocesshasbeendoneunderstereoscopicbinocular.Sortedlivingorganismshavebeenstoredintoa glassvialandpreservedin70%ethanol.Theorganismswereidentifiedatspecieslevel,andcounted.



Statisticalevaluationappliedforthepresentstudywasgatheredundertwodifferent
techniques,namely,univariate(diversityindices)andmultivariate(hierarchicalclassi?cation;clusterandmultidimensionalscaling(M‘DS).. _ .FollowingTOMASCIKandSANDER(1987)diversityindices(speciesrichness,evenness,andSharmon-Wienerindex)werecalculatedtomeasurearelationtothetotalnumberofspeciespresent,toexpresshowevenlytheindividualsare
distributedamongdifferentspecies,andtoincorporateboththespeciesrichness
andequitabilitycomponents,respectively.
TheabundancewassubjectedtoclusteranalysisandMDStofindnaturalgroupingsofsamplessuchthatsampleswithina grouparemoresimilarthansamplesindifferentgroups(FIELDetal.,1982).Allstatisticaltreatmentandcalculationswere
performedundera packagePCprogramcalledPRIMER(PlymouthRoutinesInMultivariateEcologicalResearch;CARR,1991).
2.2GRAINSIZEANALYSIS
ThetechniqueofgrainsizeanalysisisbasedonFOLK’smethod(1974).
Sedimentscontainingcoarsematerials(largerthan2mm)werewet-sievedwithasieveof2mm.Thetotalamountofmaterialremainingonthesievegivesthepercentageofgravelfraction(>2mm)presentinthesedimentsampled.
Thesedimentpassingthroughthe2.0mmscreenwascomposedofamixtureofsand-mud.Sandwasseparatedfrommudbymeansofwet-sievingtechniqueusingameshsizeof0.063mm.Theretainedmateriallargerthan0.063mminsizewasmadeupofsand.Allmaterialpassingthroughthe0.063mmsievewasgijiud.Gravelandsandfractionsweredriedfor2daysatabout60°Cinanovenandweighedatroomtemperaturefortheirpercentagecalculation.
Themudfractionwasdividedintosilt(0.063-0.004mm)andclay(graine-size<
0.004mm)fraction.
Forthispurpose,themudfractionofthesamplewastransferredinto1Lgradedcylinder,?lledwithdistilledwater,andstirred.Afteraretentionof20sec,20mlofthesuspensionwaswithdrawnfromthedepthof20cmbyapipette.Thereafter,thesuspensionwasle?incylinderfor2hoursforfurthersedimentation.Afterthistime,20mlofsuspensionwaswithdrawnfromthedepthof10cmbymeansofpipette.
Thesewithdrawnmudsubtractionsofthesedimentweredriedinanovenattemperatureofabout60°Cfor2days.Thesub-fractionswerethencooledtoroom
temperature,andweighedout.Thefirstseparatedfractionwasthesiltplusclayandthesecond(lastone)largelycomposedofthesilt.Thedifference(silt+clay—silt)willthengivetheamountofclayfractionsinthesample.



3RESULTS

Resultsarepresentedinconjunctionwithsubjectareas.Here,firsttheresultsofthe
'benthicinfaunaandthentheresultsofgrainsizeanalysisaregiven.
3.1SPECIESANDABUNDANCEOFBENTHICINFAUNA

Totally76macro-benthicinfaunalspecieswasfoundattheinvestigatedarea.
Distributionsofthespecieswithintaxaareasfollows:

#ofspeciesTaxa
l Nemertini,40 Polychaeta,17 Crustacea,15 Mollusca,2 Echinodermata,and1 Cephalochordata(Table2).

Numberofspeciesandabundanceoccurredatlownumberinthemostshallow(B1,B2,B3,andB4wherethebottomdepthmeasured1m)andrelativelydeeperstations(Bl6,B15,B13,andB9wherethebottomwasdeeperthan10m).Numberofspeciesvariedbetween10andamaximumof30atrestofthestations.Theabundanceatthestationsrangedfrom200to1000individualspersquaremeter.Stationswithrespecttohighabundancewerelocatedatabottomdepthof7m(B5,B6,and,,_B7;Figure2).CTDmeasurementscastedattwodeeperstations(B13andB16)revealedthatinrelativetosurfacewater,therewasalayeroffresherwater,(brackishwater)cloudingandshadowingthebottom.Oneofpossiblereasonsforoccurrenceofthespeciesatlownumbercouldbeunfavourableeffectofthebrackishwateronmarinemacro-benthos.
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3012mI 11 Abundance (1.;
vi)— Numberofspecies
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B16B13B9B10B14B15B11B12B8%B5B4KiB2B1Stations

Figure2:Totalnumberofspeciesandtheirabundance(individuals/m2)foundatthe
stations. '.'A._.

Figure3showspercentoccurrenceofthetotalspeciesathightaxalevel,regardlessoftheirabundance.Taxon,Polychaeta,appearedtopredominatetheallstations.
HighestoccurrenceofthetaxonwasobservedatstationsB16,B12,B11,andB2.
Species,Glycerasp.,Noromasluslmericeuswascommonlypresentatthestations.NemertiniandCephalochordataspecieswereobservedatstationsB6,B10,B11,B14,andB15andB1,respectivelywhereasspeciesofresttaxawerepresentatallstations.Crustaceanspecies,Alpheusglaber,CallianassaIyrrhena,Ampeliscabrevicomisbecamemorepredominantinrelativetootherspecies.Anarnphipodspecies,AmpeliscabrevicornisdominatedonlystationsB5,B6andB8wherethebottomread7mdepth.AspeciesfromMollusca,Abrasp(juv.)wasfoundat50%ofthetotalstations.AbraprismaticaandTellinasp(juv.)followedthisfromcommonlypresentmolluscanspecies.Echinocardiumcordatum.a speciesofEchinodermata,predominatedstationsB5,B6,B8whereAmpeliscabrevicomiswasabundantlyobserved.
lj7’7’7” ’ ' ’

1 100%
' 9 eo°/.~ *
. ‘Q 1ucEPHALocHoRDATA113 60% 1IECl-IINODERMATA1'5 ‘CIMOLLUSCA

13 40% HZICRUSTACEA
, § JPOLYCHAETA1

1 20% HZJNEMERTINI‘

0%
,5:45Q9,9Nb,3;,5{L‘beQ9Q6;‘braQ35Q9,(bx9;<2: <2;<2:<2:<2»<2»<b

Stations

Figure3:Distributionofpercentnumberofspeciesattaxalevelatthestations.
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Figure4showsnumericalimportanceofthetaxaamongthestations.SpeciesbelongingtoPolycheatawereabundantlyfoundintheinvestigatedarea.Their
abundancecomprisedatleast30%oftotalabundance.Molluscanspecieswere

abundantlycommonattheallstations.CrustaceanandEchinodermataspeciesthen
followedthese.AbundancesofSpiom'dae(sp2),Hereromustus?liformis,PrinospiofallaxandNotomastusIatericeus(Polychaeta)variedbetween20and600
individualspersquaremeteratstationswherethebottomdepthwasgreaterthan10
meters(Table2).CallianassaryrrhenaandAmpleiscabrevicorniswerethemost
abundantcrustaceanspecies.Theirabundanceswereina rangeof10to70
individualspersquaremeterofstationbottom.Palamonotessp.andProcessasp.werescarce.ThemostabundantspeciesofMolluscawas,inthe?rstinstance,Abra
sp.(juv.).Abraalbawasrecognizedtobea secondimportantspeciesintermof
abundance.Echinocardiumcordatumwasa singleandabundantspeciesof
Echinoderrnata.

100%
90%80% DCEBHALOCHORDATA3 70%

5 50% I ECHINODERMATA
E 50% DMOLLUSCA2 40%_ DCRUSTACEA-\ 30%

20% IPOLYCHAETA
10% UNEMERTINI0%B16B1389B10B14B15B11B12B6B67B5B4B3B2B1

Stations

Figure4:Distributionofpercentabundanceofthespeciesattaxalevelatthestations.

Figure5showstheclassi?cationanalysisforspeciesabundancebasedondatathatisgiveninTable2.Onthedendograms,group1and2areclearlyseparatedfromeachotheratincaseofatruncationof30%similaritylevel.Statio'n§"‘ofgroup1representedbyshallowerdepthsinrelationtostationsofgroup2(B12,B11B14,B16,B9,andB13).Multi-dimensionalscaling(MDS)con?gurationshowsa
clearerseparationofthegroups3.StationsB3andB15occupyinganintermediatepositionbetweengroup1(shallowerstations)andgroup2(relatively,deeperstations).
Indicationswereobtainedforthevariablescorrelatedwithgroupdifference(Figures6and7)bysuperimposingmeasuredenvironmentalfactorsonthetwodimensionalcon?gurationofthestationspositionobtainedfromthefaunisticmultivariateanalyses.Figure7showstheMDScon?gurationwithsuperimpositionofvariables,waterdepthandafractionofgrainsize,clay.Neithersandnorgravelandsiltfractionsarecorrelatedcloselywiththegrouppositions.



BRAY-CURTISS
B0-
90-
‘°°_B1 134 E2 1;: B15131213111314ms 1391313135 B6 138um

Figure5:Dendogramforgroup-averageclusteringofBray—Cur1issimilarities(y-axis)betweenthe15stationmacrobentliicfaunalsamples(x-axis).Speciesabundancedata(Table2),double—squareroot-transfonned.

moi B1
Group1

1235,Group3

Figure6:Multi—dimensiona|sealing(MDS)ordination,basedonBray-Curtissimilaritiesbetweengrabsamplesofthemacrofauna.Samplesaregroupedbysimilarityin
speciescounts(orientationandscalearbitrary).Abundanceare‘N-transformed.Stresscoefficientis0.047.
Group1includesstationsB10,B8,B6,andB5
Group2stationsB13,B9,B16,B14,B11,andB12.
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Figure7:MDSordinationofthe15macrofaunalsamplesfromtheinvestigatedarea,exactlyasinFig.5,withsuperimposedsysmbolsoflinealdimensionsproportinaltothevaluesofthemeasuredenvironmentalvariables(bottomdepth,%gravel,%sand,%siltand%clay)atthesite.



Echinocardiumcardatacontributedmost(15.51%)tothesimilaritywithgroup1
andwasfollowedbyAbrasp(juv.),Abraalba,andTellmasp.(percentcontributionof14.19;11.7and11.68,respectively;Table3).
Table3:Percentcontributionofmostimportantspeciestosimilaritywithingroup1

AV.ABUN= averagespeciesabundance,SD = standarddeviationoftheabundanceamongthestationsofthegroup.AVGE= averagesimilarity,SDEV= standarddeviationofsimilarity,RATIO= AVGE/SDEV,PERCENT= percentsimilarityofthespecies,and
CUM% = %cumulativesimilarity.

GROUP1AVERAGESIMILARITY= 40.75S.D.=7.982
SPECIESAV.ABUNs1) AVGESIMSDEVRATIOPERCENTCUM11/.
E.cardam 202.50202.71 6.3 1.51 4.20 15.51 15.51
Abrasp.(juv.)80.00 69.76 5.8 1.65 3.51 14.19 29.71
A.alba 35.00 26.46 4.8 1.18 4.02 11.70 41.40
Tellinasp. 27.50 12.58 4.8 0.42 11.23 11.68 53.08
s.bombyx17.50 9.57 4.3 0.86 5.04 10.62 53.70
A.brevicornix25.00 25.17 2.4 2.70 0.90 5.93 69.63
M.spimfera15.00 12.91 1.9 2.09 0.91 4.68 74.31
Nephlhyssp. 15.00 12.91 1.9 2.09 0.91 4.68 78.99

Themostimportantspecieswithregardtothecontrbutiontosimalaritywithin
group2belongedmainlytoPolychaetawhileMolluscaandEchinodermataspeciesplayedimportantroleinnaturalgroupingofstationswithingroup1.APolychaetaspecies,Notomastuslatericeushada percentcontributionof19.1insimilaritywithingroup2.Pronospiofallax,Glycerasp.Capitomaslussp., andSigambraparvawereotherreasonablespeciesofPolychaetainnaturalgroupingofsite2(Table4).
Table4:Percentcontributionofmostimportantspeciestosimilaritywithingroup2

AV.ABUN= averagespeciesabundance,SD = standarddeviationoftheabundanceamongthestationsofthegroup,AVGE= averagesimilarity,SDEV= standarddeviationofsimilarity,RATIO= AVGE/SDEV,PERCENT= percentsimilarityofthespecies,andCUM% = %cumulativesimilarity.
GROUP2 AVERAGESIMILARITY= 41.38S.D.=7.963SPECIESAV.ABUNSD AVGESIMSDEVRATIOPERCENTCUM%N.larericeus176.67225.18 7.9 3.04 2.60 19.10 19.10
P.faIIax 22.67 20.85 4.3 3.23 1.33 10.36 29.46Glycerasp. 21.67 19.41 4.2 3.20 1.31 10.12 39.58
Capilomarlussp. 20.00 20.98 4.0 3.10 1.29 9.66 49.24S.parva 18.01 17.68 3.7 2.80 1.33 .\'17 58.21H./iliarmi: 60.00 113.31 2.9 3.84 0.77 7.09 65.30Prinaxpiasp. 16.00 14.97 2.8 3.51 0.79 6.67 71.98C.ryrrhena23.33 28.75 1.4 2.99 0.48 3.45 75.42



Thespeciesprincipallyresponsibleforthestationtostationchangesincommunitystructures(asmeasuredbyBray-Curtisdissimilarity)aregivenTable5.Most
importantspeciesasadiscriminatorbetweengroup1and2wereEchinocardiumcordatum,Abraalba,andTellinasp.Thosespecieswereabundantlyfoundat
stationsofgroup1whereasnoindividualofthespecieswasencounteredatstationsofgroup2(Table5).
Table5:Pairwisecomparisonbetweengroupsinspeciescontributionstototalaveragedissimilaritybetweengroups1&2.

AV.ABN= averageabundanceofspecies1,SD = standarddeviationofaverageabundance,AV.TRM= averagedissimilarityofspeciesibetweenthegroups,% = percentaveragedissimilarityofspecies1betweenthegroups,%CUM= cumulative%contributiontototalaveragedissimilarity.
*denotesgooddiscriminatorsofgroups.

AVERAGEDISSIMILARITYBETWEENGROUPS2&l: 82.24STD.DEV=5.985GROUP2 GROUP1AV. AV. AV. ' ‘VaSPECIES ABNS.D. ABNS.D.TRMS.D.RATIO% CUME.cordaltlm 0.00 0.00 202.50202.714.67 1.23 3.79‘5.68 5.68A.a/ba 0.00 0.00 35.0026.463.24 0.81 3.98‘3.94 9.62N.Iatericeux176.67225.1812.5018.933.22 2.52 1.28 3.91 13.53Tellinarp 0.00 0.00 27.5012.583.07 0.44 6.92‘ 3.74 17.27Abrasp. 11.6719.4180.0069.762.69 1.94 1.39 3.27 20.54Ctlpilomaslussp. 20.0020.980.00 0.00 2.46 1.49 1.65 2.99 23.53S.bombyx1.67 4.08 17.509.57 2.43 1.29 1.88 2.95 26.48.4.brevicornis1.67 4.08 25.0025.172.30 1.81 1.27 2.80 29.28H.?/iarntis 60.00113.3112.5025.002.30 1.85 1.24 2.80 32.03S.parva 18.0117.6815.0030.002.15 1.40 1.54 2.61 34.70Prinospiosp. 22.6720.852.50 5.00 2.11 1.43 1.48 2.57 37.26

Fig.8showsrangesofspeciesdiversity,evenness,andrichness.StationsB10andB6hadhighestShannondiversity,closelyfollowedbystationsB14andB5ashavebeenrepeatedlyforMarga1eFsspeciesrichness.EvennesswashoweveraboutatthesamelevelforallstationswithanexceptionofstationB4thathadlowestdiversityindices.Atthestation,EchinocardiumcordatumandaPolychaetaspecies,Spionidae(sp2.)predominatedthebottom.
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Figure8:Basicdescriptivevariablesformacrofaunasamplesfromthesite(speciesrichness,diversity,andevenness).
3.2GRAINSIZEANALYSIS- BOTTOMSTRUCTUREOFTHESITE

' Pu.

Figure9showspercentcompositionofgrainsizeinthesedimentofeachstation.Sedimentofstationshavingbottomdepthgreaterthan10meterwascomposedmainlyofsandysilt.Asthebottomdepthwasshoaled,grainsizeofthesedimentbecamecoarserandgravelconcentrationinthesedimentwashighattheshalloweststations.
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Figure9:Percentgrainsizecompositionofbottomsedimentcollectedatthestations.
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