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学位論文内容の要旨  

博士の専攻分野の名称  博士（水産科学） 氏名   Mega
メ ガ

 Laksmini
ラ ク ス ミ ニ

 

Syamsuddin
ス ヤ ム ス デ ィ ン

  

学位論文題目  
Spatial  and temporal distributions of  bigeye tuna (Thunnus obesus) catches 

affected by oceanographic condition and ocean climate variabil ity  
in the eastern Indian Ocean off  Java 

 (東部インド洋ジャワ島沖合における海況および気候変動とメバチマグロ

漁獲量の時空間分布 )  
1.  Introduction 

Bigeye tuna (Thunnus obesus)  i s  a  commercially targeted species  and represents 

one of  the most  valuable  species  of  longl ine f isheries  in  the eastern Indian Ocean 

(EIO) off  Java.  It  i s  a  highly migratory species  that  is  dist r ibuted between 40°N and 

40°S in al l  3  major  oceans,  except  in  the southwestern sector  of the Atlantic .  In the 

upper  water column at  night ,  bigeye tuna prefer  a  thermal  range of  22-26°C.  The main 

depth range of  f ishing for  bigeye tuna in the Indian Ocean is  161–280 m, although 

they can inhabit  the 0–100 m depth range dur ing the night .   

The El  Niño–Southern Oscil lat ion (ENSO) and Indian Ocean Dipole  ( IOD) are 

two dominant  modes of  c l imate var iat ions in the tropical  Pacif ic and Indian Oceans 

with signif icant impacts  to  the ocean cl imate var iabil i ty of  several  par ts  of  the world. 

Therefore,  for  sustainable  management  of  bigeye tuna resources  in  the EIO off  Java,  

understanding the effects  of  ocean cl imate var iabi l i ty on catch dis tr ibut ion is 

essent ial .  The ul t imate goal  of  this  study was to invest igate how bigeye tuna catch 

dis tr ibut ion both spatia l ly and temporally affected by oceanographic  condit ion and 

ocean cl imate var iabil i ty in  the EIO off  Java.  

 

2.  Materials  and Methods 

The study area was located in the EIO,  south of  Java,  spanning between 6–16°S 

and 104–126°E.The oceanographic  condi t ion of  the EIO off  Java is  affected by the 

confluence regions of  the Indonesian Throughflow (ITF) ,  the South Java Current 

(SJC),  the Indian Ocean Kelvin Waves ( IOKWs),  Rossby waves (RWs) and South 

Equatorial  Current  (SEC).  Those ITF and IOKWs have s t rong inter-annual  s ignal 

re lated to ENSO and the SJC also affects  the surrounding area on seasonal  t ime scales .  

Besides the enlisted dominant  physical  features ,  the region is  also the locat ion where 

the onset  of  IOD is  generated.  This  study ut i l ized bigeye tuna catch data ,  conduct ivi ty 

temperature  and depth (CTD),  mixed layer  data  set  of  argo f loat  (MLD) and remotely 
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sensed data .  In this  study,  the bigeye tuna catch and satell i te  remotely sensed data 

were analyzed for  the 12 years  datasets  f rom January 1997-December  2008 and 

emphasized the di f ferences  of  c l imate condi t ions during s t rong (1997) ,  moderate 

(2002) ,  and weak (2006)  El  Niño,  posit ive phase IOD (2003) ,  s t rong (1999)  La Niña, 

and normal  year  (2005)  events .  Remotely-der ived environmental  var iables  included 

sea surface height  anomaly (SSHA) (AVISO),  sea surface temperature  (SST) 

(NOAA/AVHRR),  Chlorophyl l -a  (Chl-a)  (SeaWiFS),  eddy kinet ic  energy (EKE) 

(AVISO) and wind direct ion and speed (NOAA der ived f rom NCEP/NCAR reanalysis) .  

The empirical  orthogonal  function (EOF) was performed to obtain a  more detail  

s t ructure  of  the spat ia l -temporal  ocean var iabi l i ty together  with wavelet  spectrum 

analysis  to  highl ight  the dominant  scales  of  the var iabi l i ty and i ts  per iodici ty.  Fur ther 

analysis  was under taken with a  general ized addit ive model  (GAM) to examine the 

relat ionship between oceanographic  condit ions and catch rates  of  bigeye tuna. The 

catchabil i ty of  bigeye tuna catch was computed for  a l l  months dur ing 1997-2008.  The 

catchabil i ty coeff ic ient  was def ined as  the proport ion of  avai lable  fish in the 

populat ion that  would be caught  by a  unit  of  f ishing effort .   

 

3.  Results  and discussion 

3.1 Spatial  and temporal  variabi l ity of  oceanographic factors  in the EIO off  Java 

The f irs t  EOF modes of  Chl-a,  SSHA and SST accounted for  42.8%, 36.5%, and 

27.4% of  total  var iance,  corresponded with interannual  s ignal  for  a l l  the fi rst  modes,  

respectively.  The spatia l  patterns  of  the fi rs t  and second EOF modes of  SSHA, SST 

and Chl-a  gave a  very typical  cold water  of  SSHA, low SST and high Chl-a  

concentrat ion located along the southern coast  of  Indonesian archipelago and warm 

water  of  SSHA, high SST and much less  Chl-a  concentration in the offshore region to 

make frontal  areas  along the la t i tudinal  l ine around 10–12ºS.  The frontal  areas  seemed 

to reveal  the confluence region of  IOKW and SJC that  meet  wi th the outf low of  ITF 

and SEC. The cold water ,  low SST and high Chl-a  concentrat ions occurrence along the 

southern coast  of  Indonesian archipelago were l ikely a  manifestat ion of  El  Niño and 

posi t ive phase of  IOD events ,  and upwelling evidence as  shown on the fi rst  and 

second EOF modes,  respectively.  Those typical  spatial  pat terns  are consis tent  with the 

oceanographic  condi t ions during September–November  1997 of  strong El  Niño event .  

 

3.2 Habitat  distributions of  bigeye tuna catches in the EIO off Java 

The HR has the peak season from June-August  that  corresponded with 

precondi t ioning less  energet ic  of  current  in  Apri l  to  May,  warm SSHA during May and 
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decrease to be much less  warm af ter  June following favorable  condi t ion with cold SST 

in June to August  and high Chl-a concentrations  in  July to September. 

HRs changed spatia l ly around 10-16°S and 105-120°E,  but  they were most ly 

located on the confluence regions where ITF,  westward Rossby wave propagat ion,  and 

SEC meet  in  the most  f requent  bigeye tuna catch in the offshore region around 

12-16°S and 110-118°E.  The resul ts  of  the GAM showed al l  explanatory var iables 

used in the models  to  be s ta t is t ical ly highly s ignif icant  (P<0.0001)  and explained 

26.6%, 5.42%, 3.31% and 1.26% of  the deviance explained in the s ingle  parameter 

models  for Chl-a ,  SST,  SSHA and EKE, respectively.  The GAM resul ts showed that  

bigeye tuna dis tr ibut ions in the s tudy area were largely inf luenced by Chl-a  and SST. 

This  impl ies  that  upwel ling event  and remote forcing f rom the Pacific  to  the Indian 

Oceans by the ITF have a  large impact  on bigeye tuna catches. 

 

3.3 Ocean cl imate variabil ity impacts  on the hotspots  of  bigeye tuna in the EIO off  

Java 

Changes in oceanographic  condi t ions dur ing ENSO and posi t ive phase of IOD 

events  resul ted in perceivable  var iat ions in bigeye tuna catches, wi th an increasing 

HR during El  Niño and posit ive phase of  IOD events .  The La Niña event  was less 

favorable for  bigeye tuna catches. The averaged HR of  0.71 (0.43)  was recorded 

dur ing El  Niño (La Niña)  and 0.6 (0.3)  during southeast  (northwest)  monsoon.  Fur ther 

analysis  indicated that  the peak season of  bigeye tuna catch during southeast  monsoon 

var ied from year  to  year  under di fferent  regional  cl imat ic condit ion.  HR had 

s ignif icant  increment  dur ing El  Niño (1997-1998,  2002 and 2006) and posit ive phase 

of  IOD (2003)  compared to during La Niña (1999)  and normal  year  (2005)  events .  

This  inferred that  di fferent  ocean climate events  might  cause di fferent  oceanographic 

condit ion favorable  to bigeye catch in the s tudy area. 

The spatial  predict ion of  bigeye tuna catch dur ing moderate  (June 2002)  and weak 

El  Niño (June 2006) , and posi t ive phase of IOD (June 2003) showed high potent ia l  

catches  with averaged HR of  1 located most ly along the southern coast  of Indonesian 

archipelago and averaged HR of  0.6 in the offshore around confluence region at  

11–16ºS and 110–118ºE.  This  result  i s  in  contrast  during the La Niña in June 1999 

where predicted hotspots  wi th averaged HR of  0.8 only dis tr ibuted at  the narrow zone 

in the coastal  areas  of 8-9ºS and 110-115ºE.   

The higher value of  catchabi l i ty coeff ic ients occurred during El  Niño and posit ive 

phase of  IOD events,  in  May 1997,  June 1998,  June-July 2002,  June 2003,  and 

May-June 2006 coinciding with HRs of 0.94,  0 .83,  1 .66-1.41,  0 .86,  and 0.46-0.51,  
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respectively.  It  was interesting to note  here  that  the high catchabi l i ty coefficient 

dur ing 2006 El  Niño did not  fol low the increasing HR value in that  per iod (0.46-0.51  

HR),  because most  catches  were made in the areas  wi th less potent ial  habita t  of 

bigeye tuna catches.  This  dis locating f ishing catch of  bigeye tuna caused the HR 

during 2006 El  Niño was much less  than expected.  I found that  there  were many 

potent ial  f ishing locations that  were not  used optimal ly.  This  ineff icient use reduced 

the total  catch to much less  than the level  that  was expected dur ing the El  Niño. 

 

4.  Further consideration and conclusions 

This  study has  shown how remotely sensed and in si tu  data  together  wi th the 

GAM, EOF and wavelet  analyses  could be used to moni tor  the ocean climate 

var iabil i ty dur ing ENSO and IOD as  wel l  as  seasonal  changes affect  on different 

oceanographic  condi t ions.  The present  s tudy has  reached the resul t  as  pre  ment ioned 

and need to be addressed for  further important  steps  as  follow: ( i )  to  provide the 

informat ion of  hotspots  of  bigeye tuna with GIS tool  and to dist r ibute  the hotspots 

map under  automat ic  system displayed through internet  connect ion;  ( i i)  to  develop a 

more accurate  prediction system not  only increase the capabi l i ty of  GAM but  also 

improve and assimilate  the such kind of  SINTEX-F model  (ENSO and IOD predict ion 

f rom JAMSTEC); ( i i i)  to  develop habi ta t  suitabi l i ty model  that  sensi t ive to the 

cl imate var iabil i ty;  ( iv)  to  apply the exis t ing remote sensing infrast ructures,  

oceanographic  near real  t ime data  avai lable through GEOSS (Global  Ear th 

Observat ion System of  Systems)  program; (v)  there  are  some interesting highl ights 

need to be explored more such the ITF and the upwel ling Rossby waves propagat ion 

that  have been st rongly inf luenced the oceanographic  condit ions in the EIO off  Java.  

Fur ther  study of  this  present  needs to be addressed in the future .      

This  study has  shown the effects  of ENSO and posit ive phase of  IOD induced 

oceanographic  condit ions on bigeye tuna catch dist r ibution in the EIO off  Java.  EOF 

analysis  provides  evidence for  the exis tence of  the El  Niño and posi t ive phase of  IOD 

which clear ly induced certain oceanographic  condi t ions in the EIO off  Java,  wi th the 

dominant  features being negat ive SSHA, cold SST and high Chl-a concentrat ion along 

the southern coast  of Java.  The GAM using four  predictor  var iables  may faci l i tate 

identi ficat ion of  areas wi th potent ial ly high bigeye tuna catches in the EIO off  Java. 

These resul ts fur ther  emphasize that  EOF and wavelet  analysis  combined with GAM 

could be applied to ident ify hotspot  areas  wi th highly potent ia l  bigeye tuna catches in 

the EIO off  Java.  Thus,  these resul ts  would benef it  the tuna fishery-management  to  

reduce r isks  and increase economic capi ta l  as  wel l  as  envisage bet ter  social  decis ions.  


