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Abstract. Sambah AB, Noor’izzah A, Intyas CA, Widhiyanuriyawan D, Affandy DP, Wijaya A. 2023. Analysis of the effect of ENSO and 
IOD on the productivity of yellowfin tuna (Thunnus albacares) in the South Indian Ocean, East Java, Indonesia. Biodiversitas 24: 2689-
2700. Yellowfin tuna (Thunnus albacares) is one of the fish that migrates through the Indian Ocean and is primarily caught in the south 

Java waters which are directly adjacent to the Indian Ocean. Fish abundance and migration are influenced by oceanographic factors, 
including climatic factors which affect annual and interannual variations, such as the Indian Ocean Dipole (IOD) and the El Nino 
Southern Oscillation (ENSO). This study aimed to determine the effect of climate anomalies on the productivity of yellowfin tuna in the 
Indian Ocean south of East Java, Indonesia. Data collection was carried out at Coastal Fishing Port of Pondokdadap East Java, involving 
58 respondents consisting of fishermen with yellowfin tuna catches. The boundaries of the research area are at coordinates 110.9°-
114.5° East Longitude and 8°-11° South Latitude. The data used in the analysis consisted of Sea Surface Temperature (SST) data, 
chlorophyll-a data, Nino 3.4 data, Dipole Mode Index (DMI) data, and yellowfin tuna catch data for the year 2017-2021. The results 
showed that of the fifteen GAM models, the combination of variables that most affected fish productivity was the distribution of 

chlorophyll-a and the ENSO phenomenon with values of AIC (1503.33) and DE (64.30%). Pearson correlation analysis showed that the 
IOD phenomenon was influenced by SST and chlorophyll-a, while SST and chlorophyll-a did not significantly influence the ENSO 
phenomenon. These results indicated that the phenomenon of climate anomalies and the oceanographic conditions in the waters 
indirectly affect fish productivity through the food chain process. 
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INTRODUCTION 

The southern waters of Java are directly adjacent to the 

Indian Ocean and characterized by large waves, sandy 

substrate and steep seabed topography. Oceanographic 

dynamics in the southern waters of Java are affected by 

several factors such as the Indian Ocean Dipole (IOD) 

phenomenon, El Nino Southern Oscillation (ENSO), 
Indonesia Through Flow (ITF), and Kelvin waves, in which 

the phenomenon IOD + describe the most influence to the 

decreasing of sea level anomaly (Fadlan et al. 2017). Both 

the spatial and temporal patterns of the ocean and atmospheric 

variability affect the dynamics of marine waters in Indonesia, 

this includes the phenomena related with the monsoonal 

system; Indonesia Through Flow (ITF), El Nino-Southern 

Oscillation (ENSO), Indian Ocean Dipole (IOD), and 

Madden Julian Oscillation (MJO) (Wijaya et al. 2020). As 

a result of this phenomenon, the surface layer of primary 

productivity experiences variations due to the Australian to 

Asian monsoon system. The ENSO and the IOD have been 

known to induce variability in ocean surface characteristics 

along the Indonesian waters. The upwelling phenomenon is 

caused not only by the southeast monsoon season but also by 

the ENSO and IOD (Simanjuntak and Lin 2022). 

Monsoon and ENSO variations are closely related to 

the annual and interannual variations of the ITF, where 
during the southeast monsoon the ITF tends to be higher 

than during the northeast monsoon (Sprintall and Revelard 

2014). ENSO is a naturally occurring phenomenon 

involving fluctuating ocean temperatures in the central and 

eastern equatorial Pacific, coupled with changes in the 

atmosphere (Nur’utami and Hidayat 2016; Lau and Yang 

2022). ENSO can be described as periodic fluctuation (i.e., 

every 2-7 years) in Sea Surface Temperature/SST (El Niño) 

and the air pressure of the overlying atmosphere (Southern 

Oscillation) across the equatorial Pacific Ocean. The term 

oscillation illustrated the shifting between El Niño and La 

Niña conditions occurring every few years (Bjerknes 1966; 
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Santoso et al. 2017; Wang et al. 2017; Lee et al. 2022). The 

type of ENSO could affect the dynamics of marine 

fisheries, including the distribution of fish habitat and the 

potential fishing grounds, as well as the composition of fish 

catch. This can have impact on some fish populations in the 

Atlantic Ocean and tuna fisheries in the Indian Ocean. 

Further analysis of fish populations and sizes could shed 

light on longer-term effects of ENSO events, as they can alter 

habitats and marine food webs long after they have ended. 

The IOD phenomenon is a result of the interaction of 
the ocean and atmosphere in the tropical Indian Ocean, and 

it has a significant impact on the Indian Ocean region 

(Yang et al. 2019). Oceanographic factors, sea surface 

temperature and the concentration of chlorophyl-a are 

important factors in estimating potential fishing grounds, 

especially for pelagic fish. Furthermore, global phenomena 

such as IOD and ENSO have an indirect influence on the 

dynamics of aquatic environmental parameters. Different 

types of positive IOD occurrences result in varying ocean 

circulation responses, resulting in varying patterns in chl-a 

anomalies in the Indian Ocean (Sari et al. 2020; Simanjuntak 
and Lin 2022). The high and low catch of Sardinella 

lemuru (Bleeker, 1853) in the Bali Strait are affected by the 

IOD and ENSO phenomena (Sambah et al. 2013). 

The Indian Ocean region includes the Fisheries 

Management Area of Republic of Indonesia (FMA-RI 573) 

in the southern part of Java Island, a migration area for 

large pelagic fish such as tuna species, and habitat for 

demersal fish. Bigeye tuna (Thunnus obesus Lowe, 1839), 

yellowfin tuna (Thunnus albacares Bonnaterre, 1788), 

albakor (Thunnus alalunga Bonnaterre, 1788), and skipjack 

tuna (Katsuwonus pelamis Linnaeus, 1758) are the four fish 
species that are mostly caught in FMA-RI 573 (Harlyan et 

al. 2020). The distribution of tuna species as well as other 

pelagic fish are closely related to the oceanographic 

factors. Various studies related to the effect of El Nino 

Southern Oscillation and Indian Ocean Dipole on fish 

caught have been previously carried out by Setyadji and 

Amri (2017) on the distribution of swordfish (Xiphias 

gladius Linnaeus, 1758) in the eastern Indian Ocean, Wijaya 

et al. (2020) on the resources of lemuru fish (S. lemuru) in 

the Bali Strait, Syamsuddin et al. (2013), Lumban-Gaol et 

al. (2015), and Hsu et al. (2021) on bigeye tuna (T. obesus) 

in the Indian Ocean south of Java (Amri and Satria 2013) 
on the composition of catches of neritic tuna in the Sunda 

Strait. In this study, the dynamic of yellowfin tuna is a 

variable to be studied together with the effect of climate 

anomalies and oceanographic factors included SST and 

chlorophyll-a related to the productivity and sustainability 

of yellowfin tuna (T. albacares) in the Indian Ocean south 

of East Java on their habitats. 

MATERIALS AND METHODS 

Study area 

This research was a quantitative descriptive study 

where primary data was obtained by participatory mapping 
method in direct interviews with 58 fishermen at the 

Coastal Fishery Port (CFP) of Pondokdadap, Malang 

District, East Java, Indonesia who caught yellowfin tuna 

(T. albacares) in the southern Indian Ocean region of East 

Java. The result of the interview was the point of the 

fishing ground (geographical coordinates) where the fishing 

gear was set. Interviews were conducted with fishermen in this 

study using a sampling technique. Sampling in the study was 

determined by purposive sampling technique. 

The secondary data used consisted of SST data, 

chlorophyll-a data, Nino 3.4 data, Dipole Mode Index 

(DMI) data, and yellowfin tuna (T. albacares) catch data. 
Nino 3.4 data is an index of the ENSO phenomenon, while 

DMI data is an index of the IOD phenomenon. SST data, 

chlorophyll-a data, nino 3.4 data, DMI data, and catch data 

of yellowfin tuna (T. albacares) were processed in the last 

five years. SST and chlorophyll-a data were obtained 

through the website https://oceancolor.gsfc.nasa.gov. Nino 

3.4 data and DMI data are obtained from the website 

https://psl.noaa.gov/gcos_wgsp/Timeseries/Data/. The 

coordinates of the fishing area and data on the catch of 

yellowfin tuna (T. albacares) in 2017-2021 were obtained 

from the data from the CFP Pondokdadap fisheries 
statistical report. Coordinates of fishing areas from fisheries 

statistics data or CFP Pondokdadap logbook and interviews 

with fishermen who were involved in catching yellowfin tuna 

(T. albacares) were used as the boundaries of the research area 

(110.9°-114.5° East Longitude, 8°-11° South Latitude), as 

shown in Figure 1. 

Procedures and data analysis 

In this study, the Nino 3.4 index was used as the ENSO 

index, while the DMI value was used for the IOD 

phenomenon. The Nino index of 3.4 can represent the 

average SST in the equatorial region. The ENSO prediction 
approach using the Nino 3.4 SST anomaly index has 

represented the ENSO phenomenon. This approach is 

relatively lower in real-time forecasts than in hindcasts and 

varies during epochs with considerable uncertainties 

(Barnston et al. 2012; Ren et al. 2017; Ren et al. 2019). 

Furthermore, the DMI value in this study was used as an 

indicator that shows the occurrence of the IOD 

phenomenon, both IOD+ and IOD-. DMI value data can be 

downloaded through the official NOAA website, 

representing the difference in SST anomaly values between 

the Western Indian Ocean and the Eastern Indian Ocean. 

The information on fishing ground coordinate was 
collected through direct interview with the longline 

fishermen. This information includes primary data and 

description of the geographic points of the fishing gear set 

during fishing operation. Moreover, the fishing ground 

logbook as the secondary data were also applied to validate 

the distribution of the fishing ground the research area. 
The relationship of SST and chlorophyll-a every month 

during 2017-2021 to the El Nino Southern Oscillation index value 
(Nino 3.4) and the IOD index value DMI, were analyzed using 
Pearson correlation analysis. Meanwhile, the effect of SST, 
chlorophyll-a, ENSO and IOD on yellowfin tuna, with a case 

study of data collection at CFP Pondokdadap and research 
boundaries 110.9°-114.5° east and 8°-11° south latitude analyzed 
by GAM analysis using package ‘gam’ version 1.22-2 in the the 
R-studio application. The research procedure is described in 
Figure 2. 
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Figure 1. Map of research location 
 
 

 
 
Figure 2. Research flowchart 

RESULTS AND DISCUSSION 

Yellowfin tuna catch production  

The total volume of yellowfin tuna production at CFP 

Pondokdadap showed an increasing trend (Figure 3). The 
largest total volume of yellowfin tuna production in CFP 

Pondokdadap was recorded at 1,720,859 kg in 2021, to be 

precise in July, reaching 394,404 kg (Figure 4). Meanwhile, 

the smallest total production volume at CFP Pondokdadap 

was 981,278 kg in 2020. The catch of yellowfin tuna in 

CFP Pondokdadap has a high average catch in May - July. 

Meanwhile, in the western season, namely in December - 

February, the catch of yellowfin tuna decreases. 

ENSO and IOD phenomena 

The Nino index 3.4 can show El Nino and La Nina 

phenomena with values based on the index classification (Table 

1) in six months or more in a row (Saputra et al. 2017). 

The DMI index can be classified if the DMI index value 

is > 0.35, it indicates the IOD+ phenomenon. On the other 

hand, when the DMI index value is <-0.35, it can be 
categorized as the IOD- phenomenon. When the index value 

between -0.35 to 0.35 occurs when the phenomenon is 

normal/neutral IOD. The DMI index can show the IOD 

phenomenon when it lasts for 3 months or more for a year in a 

row (Thushara and Vinayachandran 2020). The results of the 

study obtained through Nino 3.4 index and the DMI index 

during the years 2017-2021 showed two La Nina phenomena, 

one El Nino phenomenon, and three IOD+ phenomena. 

In 2017-2021, a weak La Nina phenomenon was found 

in 2017-2018, an El Nino phenomenon in 2018-2019, and a 

weak La Nina phenomenon in 2020-2021. The weak La Nina 

phenomenon in 2017-2018 lasted for 7 years, month from 
September-March (Figure 5A). The El Nino phenomenon 

in 2018-2019 lasted 9 months, from October to June (Figure 

5B). The weak La Nina phenomenon in 2020-2021 lasted 8 

months, from September to April (Figure 5C). 

In 2017-2021, the IOD+ phenomenon was discovered 

in 2017, the IOD+ phenomenon at the end of 2018 to the 

beginning of 2019, and the IOD+ phenomenon in mid-

2019. In 2017, the IOD+ phenomenon lasted for 6 months 

from March to August (Figure 6A). From the end of 2018 

to the beginning of 2019, the IOD+ phenomenon lasted 6 

months from September to February (Figure 6B). In mid-
2019, IOD+ lasted 7 months, from May to November 

(Figure 6C). In 2019, two IOD+ phases were discovered 

for one year. 
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Figure 3. The trend of yellowfin tuna production at CFP 

Pondokdadap, Malang District, East Java, Indonesia 
 
 
 
 

 
 

 
 

 
 
Figure 5. Nino 3.4 Fluctuations during the ENSO Phenomenon: 
A. La Nina phenomenon, B. El Nino phenomenon, C. La Nina 
phenomenon 
 

 
 

Table 1. The Nino 3.4 Index 
 

Nino 3.4 SST anomaly index (°C) Phenomena 

>2.0 Strong El Nino 
1.0 – 2.0 Moderate El Nino 
0.5 – 1.0 Weak El Nino 
-0.5 – 0.5 Neutral/Normal 
-1.0 – -0.5 Weak La Nina 

-2.0 – -1.0 Moderate La Nina 
<-2.0 Strong La Nina 

Source: NOAA ESRL Physical Sciences Laboratory (2018) 
 
 

 
 
Figure 4. Monthly production of yellowfin tuna at CFP 
Pondokdadap, Malang District, East Java, Indonesia 
 

 

 
 

 
 

 
 
Figure 6. DMI Fluctuations during the IOD Phenomenon: A. 
IOD+ phenomenon, B. IOD+ phenomenon, C. IOD+ phenomenon 
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Variability of sea surface temperature and chlorophyll-a 

and their relationship with ENSO and IOD phenomena  

The average SST in the southern waters of East Java in 

2017-2021 ranged from 25.06°C to 30.62°C. SST in the 

southern waters of East Java tend to be low in the east 

monsoon (Figure 7). The average chlorophyll-a in the 

southern waters of East Java at 2017-2021 ranged from 

0.09 mg/m3 to 0.92 mg/m3. Chlorophyll-a in the southern 

waters of East Java tend to be high in the east monsoon 

(Figure 8). 

The relationship between SST and chlorophyll-a per 

month on the El Nino Southern Oscillation index value 

(Nino 3.4) and DMI as an IOD index was analyzed using 

Pearson correlation analysis. The results of the Pearson 

correlation analysis (Table 2) show that the average SST 

has a significant effect on chlorophyll-a (0.000 < 0.05), but 

the average SST has no significant effect on the value of 

the Nino index 3.4 (0.655 > 0.05). The average value of 

chlorophyll-a concentration also had no significant effect 

on the value of Nino 3.4 (0.328 > 0.05). 
 
 
 

 
 
Figure 7. Distribution of SST (°C) in Southern Waters of East Java, Indonesia for 2017, 2018, 2019, 2020, and 2021 
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Figure 8. Distribution of chlorophyll-a (mg/m3) in the Southern Waters of East Java, Indonesia for 2017, 2018, 2019, 2020, and 2021 
 
 

 

Table 2. Correlation of SST and Chlorophyll-a to ENSO and IOD 
phenomena 
 

 SST Chlorophyll-a DMI NINO 3.4 

SST 1 -0.926** -0.289* -0.059 
Chlorophyll-a -0.926** 1 0.319* 0.128 

DMI -0.289* 0.319* 1 0.571** 
NINO 3.4 -0.059 0.128 0.571** 1 

Note: **. Correlation is significant at the 0.01 level (2-tailed), *. 
Correlation is significant at the 0.05 level (2-tailed) 

 

The results of the Pearson correlation analysis (Table 2) 

show that SST has a significant effect on the DMI value 

(0.025 < 0.05). The relationship between SST and DMI 
value is inversely proportional to the Pearson correlation 

test value of -0.289. The correlation value between SST 

and DMI shows a low level of relationship. The 

chlorophyll-a variable also significantly affected the DMI 

value (0.013 < 0.05). The relationship between chlorophyll-

a and DMI values is directly proportional to the Pearson 

correlation test value of 0.329. 

The Hovmoller diagram (Figure 9) shows the anomaly 

values of SST and chlorophyll-a for the El Nino Southern 

Oscillation phenomenon that occurred during 2017-2021. 

When the La Nina phenomenon occurred in 2017-2018, in 
2020-2021, and at the end of 2021 showed SST anomalies 
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ranging from -2°C to 3.5°C and chlorophyll-a anomaly 

values ranging from > -0.5 mg/m3 to 5 mg/m3. Meanwhile, 

the El Nino phenomenon that occurred at the end of 2018 

to mid-2019 and at the end of 2019 to early 2020 showed 

SST anomalies ranging from -4 to 2.5 and chlorophyll-a 

anomaly values ranging from -0.5 to > 5. When the El Nino 

phenomenon occurs, the anomaly value tend to be positive. 

On the contrary, when the La Nina phenomenon occurs, the 

anomaly tend to have a negative value (Wijaya et al. 2020). 

In the south waters of Java, the anomaly value in December 
- February tend to increase (Santoso et al. 2021). 

The Hovmoller diagram (Figure 10) shows the SST and 

chlorophyll-a anomaly values for the IOD phenomenon 

that occurred during 2017-2021. When the IOD+ 

phenomenon occurred in 2017, late 2018 to early 2019, 

middle-2019 and 2020, water conditions showed SST 

anomalies ranging from -4°C to 1.5°C and chlorophyll-a 

anomaly values ranging from -0.5 mg/m3 to > 5 mg/m3. 

Based on the Hovmoller diagram, the abnormal values of 

SST and chlorophyll-a are inversely proportional. When 

the value of the chlorophyll-a anomaly is high, on the other 
hand, the value of the SST anomaly is low. IOD+ tend to 

affect the increase in chlorophyll-a so that the chlorophyll-a 

anomaly can reach 1 mg/m3 to > 4.5 mg/m3. In the southern 

coastal waters of Java, the average chlorophyll-a anomaly 

value ranges from 5 mg/m3 to > 12 mg/m3 (Santoso et al. 

2021). 

Moreover, catch fluctuations and the El Nino Southern 

Oscillation index, namely Nino 3.4 (Figure 10A) show that 

when a weak La Nina phenomenon occurred in 2017-2018 

for a period of 7 months (September-March) the catch of 

yellowfin tuna decreased with an average yield catch of 
36,987 Kg. In the weak El Nino phenomenon from the end 

of 2018 to the middle of 2019 for 9 months (October-June), 

the average catch increased by 67,316 Kg. Then the weak 

La Nina phenomenon in 2020-2021 for 8 months 

(September-April) shows an increasing catch with an 

average catch of 97,379 Kg. Fluctuations in the Nino 3.4 

index are seen to follow changes in the catch of yellowfin 

tuna (T. albacares). The fluctuation of catch and the Indian 

Ocean Dipole index, namely DMI (Figure 11B) shows that 

when the IOD+ phenomenon occurred in 2017 for a period 

of 6 months (March-August) the average yellowfin tuna 

catch was 141,523 Kg. In the IOD+ phenomenon from the 
end of 2018 to the beginning of 2019 for 6 months 

(September-February), the fish catch showed an average of 

40,892 Kg. The IOD+ phenomenon in mid-2019 for a 7-

month period (May-November) showed an average catch 

of 128,708 Kg. DMI index fluctuations are not directly 

proportional to fluctuations in the catch of yellowfin tuna 

(T. albacares). The relationship between ENSO and 

skipjack fishing can be used as evidence for predictions of 

fishing areas two months in advance. ENSO indices such as 

SST variation, and the Southern Oscillation Index (SOI) 

can also be predicted by statistical models to look at the 
annual dynamics of the ocean-atmosphere model. The 

applications of dynamic-coupled, statistical, and data-

driven models in ENSO prediction have focused on 

predicting ENSO indices (e.g., Nino 3.4) (Lee et al. 2022). 

Generalized additive model analysis 

From the generalized additive model analysis fifteen 

models were obtained from the combination of 4 tested 

variables: SST, chlorophyll-a, Nino 3.4 as the ENSO index, 

and DMI as the IOD index. Of all the models (Table 3), 

only model no. 1 (SST), model 2 (chlorophyll-a), model 3 

(Nino 3.4), and model 8 (chlorophyll-a + Nino 3.4) had a 

significant effect on fish catches (p-value < 0.001 or p-

value < 0.005). Among the models, model 1 (SST), model 

2 (chlorophyll-a), model 3 (Nino 3.4), and model 8 
(chlorophyll-a + Nino 3.4), criteria of the lowest values of 

AIC and highest DE was met by model 8 (AIC = 1503.33 

and DE = 64.30%). The evaluation of the models took into 

account the significance level of predictors (P-value), the 

amount of Deviance Explained (DE), and the Akaike 

Information Criterion (AIC) value. The best model was 

determined based on the lowest AIC value and the highest 

DE. The lower AIC value indicates higher significance 

(Mugo et al. 2010; Setiawati et al. 2015). 

The Generalized Additive Model (GAM) plot (Figure 

11) shows the relationship between each predictor variable 
to the response variable. In the SST variable, it can be seen 

that the productivity of yellowfin tuna tend to increase in 

the temperature range of 27°C-28.5°C. The chlorophyll-a 

variable shows that the productivity of yellowfin tuna has a 

high chance with chlorophyll-a concentrations ranging 

from 0.25 mg/m3-0.5 mg/m3. The Nino 3.4 variable shows 

that the productivity of yellowfin tuna tend to increase by -

0.5°C-0.5°C. Meanwhile, the DMI variable shows that the 

productivity of yellowfin tuna tend to increase in the range 

of < 0.0°C and 0.4°C-1°C. Yellowfin tuna productivity 

tend to decrease along with SST variable > 28.5°C, 
chlorophyll-a variable > 0.25 mg/m3, Nino 3.4 < -0.5°C 

and > 0.5°C variable, and variable DMI 0.0°C - 0.4°C. 
 

 
 

 
A B 

 
Figure 9. Hovmoller Diagram: A. SST Anomaly (°C); B. 
Chlorophyll-a Anomaly (mg/m3) 
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Table 3. Results of GAM analysis 
 

Model Variable P-value DE AIC edf 

SST SST 8.81e-07 *** 58.8% 1505.95 7.837 
Chlorophyll-a chlorophyll-a 4.14e-05 *** 50.10% 1518.004 8.113 
Nino 3.4 Nino 3.4 0.00957 ** 21.60% 1533.86 2.460 
DMI DMI 0.45 7.38% 1544.39 2.737 
SST + chlorophyll-a SST 4.24e-06 *** 62% 1503.91 8.204 

  chlorophyll-a 0.872   1.000 
SST + Nino 3.4 SST 1.98e-06 *** 63.50% 1502.21 7.883 
  Nino 3.4 0.341   1.672 
SST + DMI SST 7.35e-07 *** 67% 1501.52 8.174 
  DMI 0.425   4.075 
chlorophyll-a + Nino 3.4 chlorophyll-a 6.96e-06 *** 64.30% 1503.33 8.511 
  Nino 3.4 0.0326 *   2.296 
chlorophyll-a + DMI chlorophyll-a 2.14e-06 *** 57.90% 1510.30 8.354 
  DMI 0.101   1.000 

Nino 3.4 + DMI Nino 3.4 0.00842 ** 29.30% 1533.72 2.472 
  DMI 0.38306   3.013 
SST + chlorophyll-a + Nino 3.4 SST 2.06e-05 *** 63.50% 1504.1 7.816 
  chlorophyll-a 0.775   1.000 
  Nino 3.4 0.331   1.683 
SST + chlorophyll-a + DMI SST 6.71e-06 *** 67% 1503.34 8.112 
  chlorophyll-a 0.695   1.000 
  DMI 0.418   4.060 

SST + Nino 3.4 + DMI SST 5.91e-06 *** 73.30% 1498.40 7.906 
  Nino 3.4 0.258   1.771 
  DMI 0.294   7.403 
chlorophyll-a + Nino 3.4 + DMI chlorophyll-a 1.1e-05 *** 64.20% 1505.26 8.480 
  Nino 3.4 0.101   2.225 
  DMI 0.596   1.000 
SST + chlorophyll-a + Nino 3.4 + DMI SST 4.05e-05 *** 72.90% 1500.52 7.804 

  chlorophyll-a 0.668   1.000 

  Nino 3.4 0.276   1.762 
  DMI 0.341   7.162 

 
 

 
 

Figure 10. Climate anomaly phenomena on yellowfin tuna 
catches: A. ENSO phenomenon on yellowfin tuna catches, B. IOD 

phenomenon on yellowfin tuna catches 

Discussion 

The increase and decrease in fish catch recorded in the 

fisheries statistical data of CFP Pondokdadap cannot be 

separated from the influence of oceanographic parameters 

in the sea. Understanding the relationship between 

oceanographic parameters and its impact on fish 

distribution is essential in accurately gauging the effects of 
climate change globally upon fisheries resources of 

interest. However, this study has remained largely elusive 

given the lack of synoptic-level datasets on the 

oceanographic parameters that differentiate diverse ocean 

sites from each other (George et al. 2019). Satellite remote 

sensing technique has played an important role in 

addressing this data gap by offering the opportunity to 

observe multiple oceanographic parameters systematically 

at desired resolutions (George 2014). Remote sensing 

emerges as a very effective approach to observe the 

dynamics of the coastal system, as it provides a holist view 
of the system at a wide range of spatial and temporal 

scales. With the advent of satellite remote sensing 

capabilities, spatial and temporal changes in physical 

forcing and optical responses of coastal waters can easily 

be monitored (Lira and Taborda 2014; Kratzer et al. 2016). 

For example, the South East Arabian Sea reportedly 

exhibits a strong seasonality in remote sensing reflectance 

compared with its North East counterpart (Monolisha et al. 

A 

B 
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2018). Wijaya et al. (2020) also applied remote sensing 

approaches to investigate the inter-annual system of Bali 

Strait Indonesia related to the oceanographic parameter and 

described that Bali Strait is influenced by seasonal and 

inter-annual systems, where ENSO and IOD are climate 

changes that affect ocean conditions. 

Currently, fisheries and the marine ecosystems are 

conceptualized as complex systems where the interaction 

among environmental variation (including oceanographic 

factors), human interventions, and the dynamics of marine 
populations manifest in a variety of behaviors, 

encompassing endless fluctuations that eventually lead to 

regime shifts and even fisheries collapse. The availability 

of long time-series of catch statistics (Peck et al. 2012; 

Zhang et al. 2021), catch reconstructions (Pauly and Zeller 

2016), the use of satellite remote sensing for observing the 

ocean (George 2014), and compilations of the output of 

quantitative stock assessments (Cadrin and Dickey-Collas 

2014), has allowed the examination of the relative 

incidence of distinct patterns of variability in fisheries 

(Peck et al. 2013). 
Fish migration paths, fishing season patterns, and the 

number of hooks used in fishing gear also affect the catch, 

and fish stock management should be based on a more 

comprehensive understanding of population movements 

and behaviors across their broad distribution ranges 

(Aranda et al. 2013). Migration of animals, including fish 

in large groups, is closely related to seasonal patterns and 

specific geographic locations. The target locations for this 

migration are related to spawning and foraging areas. 

Migration will continue until they reach their target. In the 

interest of migration for spawning, the intended location 
for a certain period is adjusted to the reproductive cycle 

and its survival or growth (Fonteneau and Pereira 2012). 

Migration of several fish species is also affected by 

changes in oceanographic factors. 

Based on the fishing season with the target of yellowfin 

tuna, the low season of catch was from December to 

February. Meanwhile, the peak season was from June to 

September. Fishing season is often used for estimating the 

distribution of fishing ground. In the five years data 

analysis, the lowest SST was found in August with an 

average SST of 25.78°C. Then the SST increased from the 

end of the transition season 2, the western season, until the 

beginning of the transition season 1. The highest annual 

average SST was in March with a value of 30.21°C. From 
December to February (west season) to March to May 

(transition season 1) the average SST in the southern region 

of Java tends to be high. SST in this area tend to be low in 

June to August (east season) and September to November 

(transition season 2) (Novitasari et al. 2022). The study of 

SST in the East China Sea described that the SST increased 

offshore from north to south with a range of ∼8 to 25°C, 

and the highest SST appeared in the southeastern part of 

the East China Sea. In summer and autumn, SST was high 

and relatively spatially homogeneous compared to that in 

winter and spring with a range of ∼18 to 30°C. Monthly 

variability of the SST illustrated the lowest appeared in 

January to March and the highest in July to September 

(Guo et al. 2015). Arora et al. (2016) found that although 

SST in the tropical Indian Ocean has continued to increase, 

SST in the tropical Pacific has shown a cooling trend in the 

last decades (2002-2012). It is a well known fact that the 

Indian Ocean and Pacific Ocean are very strongly coupled 

to each other and the warming of the vast Indian Ocean 

basin is triggered by El Niño on interannual time scales. 

However, in the last decade, this relationship has 
weakened. Recent Indian Ocean warming is triggering a 

Matsuno-Gill type response in the atmosphere by 

producing anomalous cyclonic circulation on both sides of 

the equator over the tropical Indian Ocean and eastward 

anomalies along the tropical Pacific Ocean. 
 
 
 

 

 
 
Figure 11. GAM Plot: A. SST, B. Chlorophyll-a (SSC), C. Nino 3.4; D. DMI 
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During 5 recent years, the highest chlorophyll-a 

concentration value was found in August. However, in 

2021 the peak of chlorophyll-a retreated to transitional season 

2, namely in September. Then chlorophyll-a decreased 

starting from the end of the transition season 2, the west 

season, until the beginning of the transition season 1. The 

highest annual average of chlorophyll-a was in September 

with a value of 0.76 mg/m3. The lowest annual average of 

chlorophyll-a was in January, with a value of 0.12 mg/m3. 

In June-August (east season), the average chlorophyll-a 
tend to be high until its peak in September - November 

(transition season 2). On the other hand, in the western 

season, the value of chlorophyll-a concentration decreases. 

Partial analysis on the existence of small pelagic fish with 

the chlorophyll-a concentration found a close relationship 

of 69.66%. It also revealed that the lowest catch was found 

at the chlorophyll-a concentration lower than 0.2 mg/m3 

(Tangke and Senen 2020). 

The upwelling phenomenon is closely related to the 

concentration of chlorophyll-a in the waters. When the El 

Nino phase ENSO phenomenon occurs, the upwelling in 
the waters south of Java increases. The upwelling 

phenomenon thus affect the SST to decrease while there is 

increase in chlorophyll-a concentration. The opposite occur 

in the La Nina phase of the ENSO phenomenon. The exact 

impact also appears in the IOD phenomenon in the 

negative IOD phase, upwelling weakens and affect the SST 

to increase resulting in the decrease in concentration of 

chlorophyll-a. The opposite happens when the IOD 

phenomenon in the positive IOD phase. The occurrence of 

upwelling indirectly affects the productivity of the fish 

caught. The study of Atmadipoera et al. (2018) in the 
Maluku Sea illustrated that the upwelling is mainly forced 

by fully developed southerly monsoon winds, dragging 

surface water northward like the wind direction since the 

effect of Coriolis vanishes near the equator. The upwelling 

occurs during the Southeast Monsoon period from June to 

October, and reach maximum in September. Warm surface 

water in the center upwelling is replaced by upwelled 

colder water from about 60 m, which evolves from 

southern to northern region then curving to northeastern 

due to the boundary of Sulawesi mainland (Atmadipoera et 

al. 2018).  

The GAM plot (Figure 11) shows that if the line in the 
plot is above the value 0, the effect is more substantial. 

Conversely, when the line on the plot is below the value 0, 

the effect is weaker. Low SST and high chlorophyll-a 

concentrations significantly affect the productivity of 

yellowfin tuna. Under normal conditions, Nino 3.4 also 

affects the productivity of larger fish. Meanwhile, the 

GAM plot on the DMI variable did not show a significant 

increase in the response variable. However, fish 

productivity increases slightly in the range < 0.0°C and 

0.4°C-1°C. 

The best model from the GAM analysis was the 
combination of chlorophyll-a and nino 3.4 or the ENSO 

phenomenon. Table 3 also shows oceanographic conditions 

in waters such as SST and chlorophyll-a affect fish catches. 

According to Saputra et al. (2017), the El Nino Southern 

Oscillation phenomenon was followed by fluctuating 

catches caused by the correlation between El-Nino and La-

Nina phenomena with the concentration of chlorophyll-a in 

the waters. Chlorophyll-a in water is a food source for 

phytoplankton. The fertility of a waters can be measured or 

determined by looking at the water's chlorophyll-a 

concentration. The concentration of chlorophyll-a 

indirectly affects yellowfin tuna due to the food chain 

process. The food chain plays an important role in the 

marine ecosystem, where chlorophyll-a, the green pigment 

in phytoplankton, is proportional to the phytoplankton's 
biomass. Phytoplankton are in turn consumed by 

zooplankton, which are then consumed by small fish. These 

small fish become prey for larger fish, including large 

pelagic fish such as yellowfin tuna. Fraile et al. (2010) 

reported that chlorophyll-a has a positive relationship with 

skipjack abundance; the higher the chlorophyll 

concentration is, more skipjack tuna is present. In contrast, 

depth of thermocline is inversely related to skipjack 

abundance. Kumar et al. (2014) in the study on tuna 

fisheries described that the ENSO impact on climate, tuna 

abundance, distribution of habitats, and tuna catch in the 
Indian Ocean. Generalized Additive Models shows that the 

parameter of SST explained the highest deviance, and it is 

regarded as the best predictor of tuna habitat in the Indian 

Ocean, followed by sea level pressure and winds. 

The results of fishing operations are not only affected 

by chlorophyll-a, but also by wind conditions and fishing 

habits. During the westerly season, which typically lasts 

from October to February, there are high waves, storms, 

strong winds, and extreme weather. The famine season, 

characterised by west winds, leads to fishermen not getting 

catches commensurate with the cost of going to sea or 
losing money. On the other hand, during the east monsoon, 

the wind direction is mostly oriented towards the southeast. 

This season's weather conditions tend to be relatively good 

due to the weakening intensity of rainfall. The famine 

season causes the number of fishermen's catches to 

decrease. In the harvest season (east wind), fishermen can 

go to sea 1-2 times a day. However, catches tend to 

decrease during westerly winds caused by large wave 

conditions, which cause fish to swim away. The increase in 

fish catch due to high chlorophyll-a concentrations takes 

time because of the energy transfer process in a food chain 

(Sartimbul et al. 2010). 
In conclusion, the study aimed to determine the effect 

of climate anomalies on the productivity of yellowfin tuna 

in the Indian Ocean south of East Java. The study 

confirmed that fish abundance and migration are influenced 

by oceanographic factors, including annual and interanual 

variations of climatic factors. SST in the study area tend to 

decrease in the east monsoon, while the average of 

chlorophyll-a tend to be high in the east monsoon. The 

phenomenon of climate anomalies during 2017-2021 

according to the ENSO index value (Nino 3.4) and the IOD 

index value (DMI) obtained 3 ENSO and 3 IOD 
phenomena. The anomaly of oceanography factors tend to 

be positive in the El Nino phenomenon and tend to have a 

negative value in the period of La Nina phenomenon. 

When a weak La Nina phenomenon occurred in 2017-2018 

for a period of 7 months (September-March) the catch of 
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yellowfin tuna decreased. GAM analysis showed that the 

best model combines chlorophyll-a + Nino 3.4. 

Oceanographic parameters, SST and chlorophyll-a 

variables in the model also showed a significant effect on 

fish catch. The results of the Pearson correlation analysis 

showed that the ENSO phenomenon was not influenced by 

SST or chlorophyll-a. On the other hand, SST and 

chlorophyll-a had a significant effect on the IOD 

phenomenon with low correlation. The study contributed 

an approach for the assessing fish abundance and migration 
using the analysis of oceanographic and cline phenomena 

in the spatial and temporal perspective for the sustainable 

management of yellowfin tuna catches. 
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