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MassMortalityof FishinLampungBay,Indonesia

ABSTRACT
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and less frequent blooms occurred in the bay the next year. This algal bloom was causedby the write as “which resulted in the mass mortality of

dinoflagellate  speciesCochlodiniumpolykrikoides. Thiswas thought to be the first fishes that are cultured infloating nets:

bloomofCoclodiniuminthesewaters,oranyinindonesianwaters.ThehighestabundanceofCochlodiniu
mduring the incident reached to 3.07 x 10’ cells.I". Mass fish mortality in the floatingnetswas due
to oxygen depletion, mainly duringthe night time. The cloggingof their
gillsbydensephytoplanktoncellswasassumedtobethecause.ThepopulationexplosionofCochlodiniu

mwas triggered by a high ratio of nitrate and phosphate concentration in the waters.The nutrient
ratios of N/P in the waterwere high, indicating nitrate as a triggering factor

andphosphateasalimitingfactor.
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1. Introduction

WaterdiscolorationoccurredinLamp
ungBayduetoanexplosionofthephytoplankton
population.Thiskindofbloomincidentisknowna
saredtide,nuisancebloomorharmfulalgalbloo
m(Smayda, 1990; Hallegraeff  1993;
Andersenetal.,2002).Thebloomresultedindam
aging economic losses due to the
massmortality of fish, mainly grouper, which
areculturedinfloatingnetsthere(Muawanah20
13).Duringtheincident,adarkreddishbrowndis
colorationofthesurfacewaterscould be seen
covering a large part of thebay, especially in
the location of the floatingfish-culture nets.
The algal blooms
occurredinOctober2012andcontinueduntilJun
e2013,spreadingpartiallyonthesurfacewater.

The algal bloom was caused by
highpopulations of  several species
(Hallegraeff

etal.,1996;Andersenetal.,2008).Algalblooms
can be detrimental to the health
ofconsumers, cause mass mortality among
fishandotherbiotainthearea,damagethe

ecosystem, lower the aesthetic value of
thewaters that have an impact on tourism,
andresult in economic losses for the
surroundingcommunity(Smayda,1990).
Generally, a red tide or harmful
algalbloom(HAB)isanincreaseintheabundanc
e of phytoplanktonresulting in aperceived
change of color in surface waters.The
incidence of algal blooms is influencedby the
nitrate and phosphate
concentrationsinthewaters,wheresuchorganis
msdeveloprapidlyutilizingavailablenutrients(G
ilbert et al., 2005; Andersen et al.,
2008).Bloomsmayrecurinthefutureandmayev
eninfluenceothermicroalgaeifthetriggeringfact
orisalwaysavailableinthewaters. Blooms of
toxic species can
causeddisastersendangeringthehealthofcons
umers.Manyaquaculturecompanieshave
suffered losses or even bankruptcy
duetoharmful algalblooms.
Theexistenceoftoxicphytoplankton
species in Lampung Bay has now become
aseriousproblemandwillhaveanegativeimpact
inthefutureifitisnotaddressedby
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theusercommunityandthelocalgovernment.Th
epresenceofredtidespeciesinthesewaterscan
potentiallycontaminateothermarinelocationsin
variouswayseitherthroughnaturalprocesses
or human activities.This
eventwasrecordedasthefirstbloomofCochlodi
niumin this bay, even as the firstoccurrence
in Indonesian waters.Blooms ofthis species
have occurred in some waters
oftheworldwhereitisknownasfishkiller. This
paper describes an aquatic disaster
duetotheunexpectedoccurrenceofaphytoplan
kton bloom in Lampung Bay.lt isalso discuss
the concentration of nutrients
inthewater,whichisassumedtoplayanimportan
t role as a ftriggering factor.lt is
alsopartiallydescribesthemorphologicalfeatur
esofthebloomspecies.

2. Materialsand Methods

2.1. Sitestudy

ThisbloomoccurredinLampungBay
which is located in the southern part
ofSumatra(Figurel).Mostofculturedfishwere
grouper kept in the floating nets locatedalong
the coast in thewesternpart ofthebay.The
floating nets mostly belong to localpeople
and private companies. There s
alsoafisheriesresearchstationwhichisincharg
e in monitoring the water quality of
thebay.During the bloom
incident,observationwascarriedoutfromOctob
er-December2012.

2.2. Samplecollection

Sampleswerecollectedwithaplankton
netof20 micronspore size,onemeter in length
and with a 25 cm diameteropening. It was
equipped with a weight atthe end so it could
be lowered vertically to adepth of 5-10
meters. The net was hauled upslowly and
steadily.After that
phytoplanktonsampleswerecollectedinsampl
ebottlesandpreservedwithLugolsolutionbyadd
inga few drops to the sample until it was
lightbrown. Preserved samples were stored
in adark place to avoid damage. Samples
wereobservedandanalyzedqualitativelyandqu
antitativelyusingamicroscopeinthelaboratory.
Enumeration of the
phytoplanktonwasdoneusingSedgwik-
RafterCountingCell(SRCC)andtheresultsexpr
essedincellsperliter(Michael 1995).

2.3. Nutritionanalysis

Seawater samples forthe
analysisofphosphatesandnitrateswerecollect
edusingNansenBottlesatadepthofonemeterb
elowthesurface.Watersampleswerefilteredthr
oughMilliporefilterpaperwith pore size 0f0.45
um. Phosphate andnitrate analysis was
conducted according tothe method of
Strickland and Parson
(1972)usingShimadzuspectrophotometerwav
elengths of 885, 543, 810 and 680 nm
inunitsmg/l (ppm).
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Figurel.Map ofthelndonesia,LampungBayandthe location ofalgalbloomincident.
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3. ResultsandDiscussion

3.1 Episodeofalgalbloom
Outbreaksofrapidphytoplanktonpopul
ationgrowthhaveoftenoccurredinLampungBa
y(Tablel)whichhasexperiencedalgalbloomssi
ncetheyear2000.Thenumberofrecordedbloom
-causing species has increased
significantly.Nine species are recorded to
have causedproblemblooms in Lampung Bay
includingPyrodinium,Noctiluca,Phaeocystis,D
inophysis, Trichodesmium,Ceratiun,Prorocent
rum,PseudonitzhiaandCochlodinium.Since20
05,outbreaksofphytoplanktonhavebeenobser
vedalmostevery year with different causative
species.The species that bloomed most
frequently inthis bay from 2005-2010 was
Noctiluca.Thisspecies is present in almost
areas.Anotherspecies,Pyrodiniumsp,wasreco
rdedin2008, Phaeocystisspin 2009,
Dynophysisspin 2010 and 2011,
Trichodesmiumspin2002-
2012,Ceratiumspin2011,Pseudonitzchiaspin
2009-2012 and the
lastspeciesCochlodiniumoccurredin2012,201
3 and 2014 (Sidabutar 2006,
Muawanahetal.2013).Someofthosespeciesar
eclassified as bloom makers but only a few
astoxicspecies.Ofallthosespeciesmentioned,t
he only onewhichis
classifiedasverytoxicandlethalisPyrodinium.

Previous research was conducted in
2005,2006and2007tostudyitsoccurrence(Sid
abutar  2006).It was recorded @ that
thefirsttimethistoxicspecieswasfoundinabund
ance at Lampung Bay was at HurunCove.
The bloom incident of
CochlodiniuminOctober2012wasnotedasthefi
rstoccurrenceeverknowninthisbay.Thisspecie
s has never been observed before
inthesamplescollectedthere.Thebloomcovere
d a wide area of the bay, appearing asa
darkreddish brown color on the
surfacewater,likeanoilysuspension.ltwasassu
medthatthemassfishmortalityoccurred due to
a lack of dissolved oxygenduring night time
when the fish had difficultybreathing because
of the mucus substancecovering the gills.
The fishthat died duringthe incident included
cobia, pomfret,
grouperandsnapper.Fishmortalitybeganinmid

October2012whentheabundanceofphytoplan
kton reached 10’ cells/l,
withthehighestpeakinmortalityoccurringinlate
October2012.Thedeathoffishoccurredafterthe
two-
weekbloomachieveditshighestpeakandfishde
athscontinuedtorise until the end of month.
A similar bloomof Cochlodiniumhappened in
China, Japanand Korea (Kim CS et al. 2000,
Kim D et al.2002, KimCJ et al. 2007,
Yamatogi et al.2005)

Tablel. The frequencyofbloomoccurrencesinLampungBay(2002-2014).

Periodsofalgalbloomevents

Year 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

Phytoplankton
Pyrodinium X X X
Noctiluca X

Phaeocystis

Dinophysis

Trichodesmium X
Ceratiun

Prorocentrum

Pseudonitzhia

Cochlodinium
Source: modifiedfromMuawanahet al.(2013)

X X
X X X X X X X X
X X
X X
X X X X
X
X X
X X
X X X
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3.2. Shape andmorphologyofCochlodinium

The bloom incident showed that
thecausativespeciesisCochlodiniumpolykrikoi
des(Muawanah et al. 2013).1t
wasreportedthatCochlodiniumwasknownasth
ecauseofbloomsthatoftenoccurinSoutheast
Asian waters (Kudela et al. 2005).The
distribution of this species is very
broadrangingfromthewatersoftheAtlantic,Eur
ope and Asia, however, this species
hasneverbeenfoundinindonesianwatersbefor
e.Priorto1990s,thefirstbloomofCochlodinium
wasrecordedinSoutheastAsia (Kudela et al.
2005). After that in
the1990s,fishingindustriesinSouthKoreasuffe
red a loss of more than 100 million USdollars
a year (Kim, 2010). Since that time,blooms of
this species was recorded acrossthe Asian
region, on the ~coast of Europe
andNorthAmerica.lwatakietal.(2007,2008)ide
ntifiedthisspeciesintothreesub-cladesor
ribotypesCochlodinumpolykrikoides:theSouth
east Asian ribotype (which refers to
theoriginalcladeJapan-Korea),theUS-
MalaysiaribotypeandthePhilippinesribotype.
This species was also observed onthe
Mediterranean coast of Italy in the
late1990s(Reneetal.2013)aswellastheBlackS
ea in 2001 in Odessa and
TanjungBigUtrishwherealargebloomoccurred
(http://phyto.bss.ibss.org.ua). In 2011
bloomsofthesespeciesinNorthTarragonawere
recorded (Reneetal.2013).

Based on

morphologicalcharacter
istics, it is known that the speciesthat
bloomed in October 2012 belongs to
thespeciesofdinoflagellatenamedCochlodiniu
m.ThecharacteristicsofCochlodiniumisa
rounded cell shape andtheyformchainsof2-
8cellsormore(Steidinger and Tangen 1997).
It has conicalcellsthat are rounded atthe
peakformingtheepithecasection.Cellshaveas
piral-
shapedringthatsurroundsthecell(spiralcingulu
m) with a cell size ranging from 20-
30um(Figure3).lthasoval-
shapedcells,forming a chain of 2, 4 and 8
cells and
somearesingleanddetachedfromthechain.Th
ere isa circularline pattern at the centerof a
cell.Each cell has a deep transversefurrow
(cingulum) and spiral which commonlyfound
on Cochlodinium sp. The size of cellsranges
between 7-10 um.This cell is
smallrelativetoCochlodiniumpolykrikoidesco
mmonlyfoundtobloominthewatersof

Japan, China and Korea (lwataki et al.
2007,2008).Figure2showsthemorphologyofp
hytoplanktonwhichbloomedinthewatersofLam
pungBay.

Basedonitsmorphology thisspeciess
howedsimilaritytothegenusCochlodiniumaltho
ughitwasmuch
smallerinsize.ltwasnecessarytostudyitmorea
nd,basedonphotographs,ithasbeenclarified
by Vera Trainer and Iwatakithat thespecies

name is
Cochlodiniumpolykrikoides.According to
Iwataki (pers.

communication)thereweretwokindsofCochlod
iniumidentifiedintheirsamples,whichwerecolle
ctedfromthebaybyaJapaneseteamin
September 2014. TheywereCochlodinium

polykrikoides

andCochlodiniumfulves
cens(Figure3).TheexistenceofCochlodiniumi
nthesewatershasbeenproventhroughthepres
enceofcysts (resting cysts) produced by the
speciesin  the sediment (Tang and
Gobbler2012).The results of cyst
identification (Figure 3e)from the sediment
proved that the species
isCochlodiniumpolykrikoides.Dinoflagellatesc
an produce dormant cysts (diploid) and
celldivisionthatproducesindividuals(haploid)t
hat are similar to their parent. This
dormantcystsareproducedwhenwaterconditio
nsexperiencedextremechanges,inordertocont
inue futuregenerations.
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Figure2.The shapemorphologyofbloommakerspeciesinLampungBaywaters.
(a) densecellsofCochlodinium, (b-c)cellsformachain of2,4 and8cells,
(d)formofplanozigote,(e) formofcysts inthesediment.
(a,b,d: photoby Muawanah,c:photobylwataki ande: photobyEstelleMasseret).

Cochlodiniumpolykrikoides

Cochlodiniumfulvescens

Figure3. Thedifference inmorphologyofC.polykrikoidesand C.fulvescens

(lwatakiet al. 2007).

3.3. Abundanceof Cochlodinium
Figure4showingthegraphicabundanc
e of Cochlodiniumwhen the
bloomoccurredinOctober2012.Thebloomachi
evedthehighestpeakon290ctober2012 when

abundance reached 10’ cells
perliter.Duringthebloomfishculturedinfloating
nets died. When the bloom

occurred,theaveragedensityofCochlodiniump
olykrikoidesreached3.07x10"cellsperliter. The
mechanismforthemassfishmortality due to
the Cochlodiniumbloom
isstillnotknownforcertain,however,symptoms
such as irritation  ofthe fin, gill-
damageandshortnessofbreathcouldbeseen.In
general,basedonpreviousobservations(Gobbl
eretal.,2008),mass

mortalityiscausedbyalackofdissolvedoxygen

and clogging of the gills due to thehigh
density of cells and mucus, showingthat fish
mass mortality was caused by
themucusfrombloomingCochlodinium(polysa
ccharides).Otherexpertshavesaidthefishdeat
hsarecausedbyPSPorparalyticshellfishpoison
ing(Kimetal.2000),butthereisnootherevidence
thatreinforcesthisopinion.Massmortalitycanal
so be caused by the production of
reactiveoxygen species (ROS) such as
superoxideanion,hydrogenperoxide,hydroxylr
adical(Kim et al., 2002) but this still needs
furtherresearch(Gobleretat.,2012).
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Figure4.TheabundanceofCochlodiniumin LampungBayduringthe bloomin October2012.

Table2. Thenormalconcentration ofnutrients (mg/l) and afterthe incidentin thebay.

Variable INormalConc

Ranges

s entration (mg/1) Averages [Increases[”m:::::::
NO, 0.012 o000 0.080 07
NOs 0.036 o3z 0.162 45
NH, 0.103 5085 0.670 6.5
PO, 0.119 0.080- 0.024 0.2

3.4. Concentration of nitrateand phosphate.

The results of measurement
duringthe  incident showed a high
concentration ofnitrates and phosphatesin
thewater. Thisindicates that there had been a
process ofwater enrichment or
eutrophication, which
ischaracterizedbyhighconcentrationsofdissolv
ednutrients,especiallydissolvednitrogen /DIN
(Heisleret al. 2008, Andersonet al. , 2002;
2008). Nitrate levels were
4.5timestheaverageandlikewiseammonia(NH
s)wasb6.5timeshigherthannormal(Table2).Duri
ngthebloomincident,phosphate concentration
increased 0.2
timesoftheusualconditions.Onthecontrary, nitr
ate concentration increased significantly.The
raio of N/P at that time was 35:5.
WhentheratioofN/Pinthewatersis<5,thisindica
tesnitrateasalimitingfactor(N-limiting), while if
the ratio of N/P is  between5-
10itisreferredtoasintermediate,anda

ratio of N/P > 10 indicates phosphate as
thelimiting factor for the growth (lan and
Rissik,2009).AtthetimetheN/Pratiowashigh(N/
P > 10) the abundance of phytoplanktonwas
increasing, whereas, when the N/P
ratiowaslow(N/P<5),theabundanceofphytopla
nkton decreased. It is clearly shownthat that
N/P ratio in these waters is muchhigher than
the normal ratio there. Each typeof
phytoplankton has a specific response
tothevalueofN/Pratiointhewaters.Theincident
of blooming is strongly influenced bythe ratio
of nutrients, especially the nitrogenversus
phosphorus ratio (Damarr, 2012).
Theconsequencesofhighnutrientswillbeanincr
easeintotalalgalbiomassbutifthenutrient
composition or N/P ratio changes,
itcanleadtochangesinthecommunityorspecies
composition(Heisleretal.,2008
;Gobleretal.,2012).

{ Comment [u4]: unit?
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The height of the N/P ratio
showedthatnitratewasatriggeringfactorfortheg
rowth of Cochlodiniumsp, while phosphateis
a limiting factor. Figure 5 showed that
theconcentration of nitrate decreased during
thebloomwhenitreachedthepeakofpopulation
growth.ltappearedthatnitratedecreased at the
end of October 2012,
whenthepopulationsimultaneouslydecreased.
The N/P ratio at the time
Cochlodiniumwasmostabundantat10*cells/lw
as28.Thisratio is higher than the normal N/P
ratio inmarine waters, which is 10. The high
value
oftheN/Prationshowedthatnitrateisatriggering
elementforthegrowthofCochlodinium.Thehigh
concentrationofnitratesmaybecausedbyinputf
romthemainlandwhentherewasheavyrainafter
a

long droughtin early October 2012.
Othersourcescanbederivedfromthedecompos
itionoforganicmatterinbottomwater. Increased
nutrients in the wateraredue to the impact of
anthropogenic
activitiesandespeciallytheaccumulationoffora
gefishforlong-standingfishfarming.Theimpact
of the combination of those
activitiescantriggerunusualgrowthofredtidesp
ecies in these waters. The concentration
ofphosphatefluctuatedafterthepopulationreac
heditspeak,howeverthenitrateconcentrationdr
oppeddramatically(Figure6). This indicated
that nitrate acts as a triggerfor growth and
phosphate as a limiting
factor thoughtheyareindispensableinsmallam
ounts.
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Figureb. Thefluctuationsof nitrateconcentration(DIN)inOctober 2012 -1 comment [u5]: Figure 5and 6 can be shown

together for better representation alongwith
bloom population.
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Figure6. Thefluctuationsof phosphateconcentration (DIP) inOctober2012.
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4. CONCLUSION

Themicro-
algalbloomandmassfishmortalityinLampung
BayduringOctober to November 2012 was
due to theoccurrence of C. polykrikoides.
The
bloomofCochlodiniumwasseeminglythefirstin
cidence ever reported in this bay and evenin
Indonesian waters.lt is assumed that
thefishdeathswereduetooxygendepletionand
thecloggingofgillsbythemucusproducedbythe
algae.ThebloomofCochlodiniumwastriggered
bytheincreasingratioofnitrogentophosphate,
where nitrogen acted as a triggering
factorandphosphateasalimitingfactor.
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