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ABSTRACT 

 
El-Nino Southern Oscillation has many impacts on marine environment. During El-Nino 1997-1998, there 

has been a change in sea surface temperature in Bali water. Bali water is an important contributor for pelagic 

fisheries, such as Sardinella lemuru, Thunnus sp, Katsuwonus pelamis, and Euthynnus sp. Sardinella lemuru is 

emphasized, because the Bali strait is a special fishing ground for these fishes.  The relation of ENSO and the catch 

were investigated using the crosscorrelation method. The ENSO was represented by 6 indices (Multivariate ENSO 

Index, Southern Oscillation Index, Nino1.2, Nino3, Nino4, Nino3.4) and the fish catch by their number in ton. 

Because the fish catch data were in three months average, all the ENSO indices were also averaged into 3 months. 

The result is there is significant correlation between Sardinella lemuru catch, but not for the other three fish. ENSO 

indices and lemuru catch are significantly correlated in lag 0, -1, and –2 (12 lags were used, level of significance is 

99%, one lag represents three months). This means that lemuru catch start to change at the same time, or three to six 

months before ENSO change. This is possible because ENSO needs time to develop El-Nino; from the weak to 

stronger stage. Small pelagic fish like lemuru is very sensitive to temperature change, so they can migrate from the 

beginning of weak ENSO due to find cooler water in Bali strait. The mechanism of the influence is, ENSO changes 

SST in Bali water which become cooler, then lemuru migrated to this cooler water. It seems that cooler water is 

more favourable for the lemuru. This is predicted as the reason of why the lemuru catch is increased during El-Nino 

time of 1997-1998.   
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INTRODUCTION 
 
Bali water is an important contributor for pelagic fisheries. Sardinella lemuru (oil sardine, local name is  
lemuru) , Thunnus sp (tuna), Katsuwonus sp (skipjack), and Euthynnus sp (bonito) are special 
economic-important fish from this water.  Moreover, Bali waters, especially at the eastern part (Lombok 
strait), are strongly influenced by the Indonesian Throughflow (IT). Godfrey, 1996 mentioned that The 
Indonesian Throughflow passes from the equatorial Pacific to the Indian Ocean through a highly complex 
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system of channel. It enters the Indonesian waters from the north of Makassar strait and flows through it, 
and then split in two paths ; the first one flows into the Indian Ocean through the Lombok strait (eastern 
Bali water), and the rest flows through the Flores sea and joins the Southern Equatorial Current in the 
Indian Ocean through the west of Timor Island (fig.1). Lombok strait is one of significant conduit of the 
Indonesian Throughflow where 40% of its water is transported here (Inoue and Welsh, 1996). The 
temperature and pressure in this water is affected by ENSO (Bernawis et al, 2001). They used 
crosscorrelation method to see if the water temperature and pressure of eastern Bali water are connected 
with ENSO. The temperature and pressure data were taken along 1996 to 1998. ENSO was represented by 
six indices, which were Southern Oscillation Index (SOI), Multivariate ENSO Index (MEI), Nino1.2, 
Nino3, Nino4, and Nino3.4. They result in significant correlation between the temperature and ENSO. 
The filtered signal of water temperature and pressure also showed good relation with ENSO indices, 
where the water temperature signal lead 45 days ahead of SOI (fig.3). The data set of 1996-1999 shows an 
evidence that when SOI value reached extremely negative values (which was the onset El-Nino), water 
temperature and pressure decreased due to the eastward drift of warm water pool in the western equatorial 
Pacific. The pressure variability also shows similar result because the Indonesian Throughflow transport 
was weakening during ENSO cycle. 
 
Meyer, 1996 found significant correlation between the estimated IT transport anomaly and interannual 
variation of sea surface temperature in the central to eastern equatorial Pacific, that is, the IT tends to  
weaken during ENSO. Thus, the change of physical conditions in Bali waters during ENSO cycle is 
suspected to affect the number of pelagic fish catch. 

 

Makassar Strait 

Indonesian Throughflow 

Kalimantan 

Sulawesi 
Lombok strait 

Banda sea 
Flores sea 

Java 
Bali 

Figure 1. The path of the Indonesian Throughflow (black bold and dashed arrows). 
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Figure 2. Low frequency signal of water column temperature and pressure in eastern Bali superimposed with SOI. 

 

Pariwono, 1996 pointed out that the ENSO signal is correlated to the fish catch in Indonesian waters both 
in time and space domain. Ghofar et al, 1999 also stated that the lemuru fishery responds significantly to 
the ENSO event.  

 
Lumban Gaol and Manurung, 2000, pointed out that In July to September 1998, SST near Bali Island is 
lower than that its surrounding. Herunadi, 1997 also showed tendency the same for Makassar strait (the 
north of Bali).  
 

OBJECTIVE 
Based on these previous studies, to know whether ENSO has influence on the catch of pelagic fisheries in 
Bali waters, the fish catch of four species of pelagic fish; Sardinella lemuru (oil sardine, local name: 
lemuru), Thunnus sp (tuna), Katsuwonus pelamis (skipjack), and Euthynnus sp (bonito) are investigated to 
compare with the ENSO indices. Especially, the focus laid upon the Sardinella lemuru is emphasized 
because Bali strait is the special fishing ground for this species. Here after the Sardinella lemuru will be 
referred to as lemuru, and the other three as tuna, skipjack and bonito. 
 

Data and Analyses 
The first data set is the catch of pelagic fish species, are Sardinella lemuru, Thunnus  sp, Katsuwonus 
pelamis, and Euthynnus sp. Available data were the three months average during 1995 – 1999 distributed 
by Fisheries Agency of Bali. The second set is the Southern Oscillation Index obtained from the Bureau 
of Meteorology Australia, and other indices (MEI, Nino1.2, Nino3, Nino4, Nino3.4) are from PMEL 
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NOAA. Because the fish catch data were in three months average, the value of ENSO indices also 
averaged into three months. 
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Figure 3. The location of Nino 1.2, 3, 3.4, and 4 which the sea surface temperature becomes the ENSO Index. 

 
Southern Oscillation Index is the difference of mean sea level pressure between Tahiti and 
Darwin. Multi variate ENSO Index (MEI) comes from sea level pressure, zonal and meriodional 
component of wind surface, sea surface temperature, surface air temperature, and total 
cloudiness fraction (Wolter and Timlin, 1998). Nino is sea surface temperature of pacific 
equatorial waters. Analysing method was cross correlation. 
 
RESULT AND DISCUSSION 
Fish catch condition 
The data of four different species of fish catch during 1995 to 1999 shows that there is a 
significant increase of lemuru catch around mid 1997 to mid 1998 (fig. 4). 
�   
 
 
 
 
 
 
 
 
Figure 4. Fluctuation of fish catch during the period of 1995-1999. 
ENSO condition 
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The highest positive values of MEI in 1997 indicates El-Nino phase, and in contrast, the lowest 
negative value at the end of 1998 is La-Nina (Wolter et al, 1993). From figure 5, we can see that 
El-Nino started from mid 1997 to mid 1998. Significant increase of MEI and decrease of SOI 
around mid 1997 to mid 1998 indicate the onset of El-Nino phase from mid 1997-1998, 
suggesting the influence of ENSO on the behaviour of this fish, but not for other species. To 
know this more clearly, we show the time series of the other ENSO indices next (fig.5). 
 
a.                             b.                            c. 
 
 
 
� � � � � �  d.                           e.                          f. 
 
 
 
 
 
Figure 5. Three month average value of a. MEI. b. SOI. c. Nino 1.2 d. Nino 3. e. Nino 3.4. f. 
Nino 4 during the period of 1995-1998. 
When the sea surface temperature in the region of Nino1.2 is are increased, it means the 
occurrence of the  El-Nino event, because the warm water pool in western Pacific is drifted to 
easternmost part of the equatorial Pacific (see fig.3). Please note significant increase of the sea 
surface temperature around mid 1997 to mid 1998 in Nino1.2, Nino3, Nino4, and Nino 3.4 
regions. Again, we point out the similar behaviour of the catch of lemuru.  
 
Crosscorrelation between fish catch and ENSO 
 
The cross-correlograms among fish catches and ENSO indices are shown in figure 8. The dashed 
curves are the limit of Level of Significance. MEI and all Nino indices are positively correlated 
to lemuru catch at lag 0, and –1 to –2, but SOI is negatively correlated to lemuru catch (due to 
the more negative SOI is the stronger El-Nino) at lag 0 and –1. These results mean that lemuru 
catch starts to change at the same time, or three to six months before ENSO occurs. This is 
possible because ENSO needs time to be fully developed; from the weak to stronger stage when 
the SST in Nino 1.2 region warmed up. 
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All the other species are not correlated positively or negatively to all the ENSO indices, so the 
result are not shown here. Possible explanation of this phenomenon is the lemuru is small pelagic 
species, and such small pelagic fish is very sensitive to the change of temperature in their 
environment during El-Nino time. The result from analysed data shows that lemuru catch in Bali 
waters increased during El-Nino, due to the decrease of water temperature . 
� A.                            B.                           C. 
 
 
 
 
 
 
� D.                            E.                            F. 
 
 
 
 
 
 
 
Figure 6. Crosscorrelogram between lemuru catch  and ENSO indices ;(A). MEI, (B). SOI, 
(C).Nino1.2, (D.Nino3,  (E).Nino4, (F).Nino3.4. Dashed line is the level of significance (90%). 
 
From the data of four species which were used, only the Sardinella lemuru was having the 
significant correlation with ENSO indices. This is evident even only from the plot of the fish 
catch during the period of 1995-1999. However, there is a contradiction with the result of 
Lumban Gaol and Manurung, 2000. They found that big eye tuna catch was increased during the 
1998 El-Nino event, while for the data of tuna catch used in this paper is not (see fig. 4 for 
thunnus sp). The correlation of tuna and ENSO indices are also not significant.  
 
We made some possible explanation on this contradiction. First of all, we point out the 
difference in the  data set. The data used in this paper were from Bali Fisheries Agency, in three 
months average per regency, hence it based on the log of the local landing fish site (TPI). 
Problems that might encountered are whether the fishes were caught from Bali water or not. 
Almost 50% of fishermen in Bali are non-motor boat fishing vessel. They can not go too far from 
their coast, and land the fish in their landing fish site. But other 50 %, some are big enough – up 
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to >200 Gross Tons, their fishing ground expands from Bali water and land fish not in Bali, or 
the vice versa. This could bias the data. Lumban Gaol et al used the data from the logbook of 
fishing vessel of Perikanan Samudra Besar fishing company in South of Java. Anyway, we would not 
just justify their result were more correct, because they also mentioned of upwelling di southern Java in 
their paper. This raised a questioned whether their big eye tuna catch was increased due to the El-Nino 
event, or to the upwelling, or both. Furthermore, we used 4 species of fish catch, and only the lemuru 
catch was significant in crosscorrelation with the ENSO indices. All the other three were not. This means 
that it is possible that there is affected fish catch and there is unaffected fish catch. Lumban Gaol et al 
used only the big eye tuna catch data, thus there were no comparison with other fish catches. It is also 
possible that only the big eye tuna catch that was affected by ENSO and the other tuna were not.  
 
Whitehead, 1985 mentioned that the major migrations of lemuru is closely linked to hydrographic 
conditions (especially temperature), but sudden appearances or disappearances of shoals still have no 
established explanation. The SST around Bali water decreased when the El-Nino occurred, and from the 
result above we might safely conclude that cooler water was more preferable for the lemuru so that they 
migrated more to the Bali water during ENSO period.  
 
 

CONCLUSION 
 
Within the El-Nino phase 1997-1998, there has been a drastic temperature decrease of the water 
temperature in Bali water. From the four species of fish catch, only the lemuru fish showed a significant 
change and correlation within the El-Nino period. The correlation value was significant having the lag of 
0, -1 and -2.  
 
As mentioned above, the other three fishes ; skipjack, tuna and bonito catches did not increase 
significantly. This in contrast with the result of Lumban Gaol et al, 2000. They mentioned that the catch 
of big eye tuna was increased within the El-Nino phase in 1997-1998. This contradiction may be 
explained by the difference of data source which cover the location of where the fish were caught and 
where they landed. The decreasing temperature of water is the main cause of the increasing lemuru catch. 
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