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ABSTRACT

This study was highlighted the contenxt of albacore’s number catch, swimming layer and sub-
surface oceanographic variables (SSOV) at Eastern Indian Ocean include temperature, dissolved
oxygen, salinity, nitrate, phosphate and silicate. Hopefully the information would be useful for the
longliners to understand the ALB behaviour, environment and the best techniques on how to catch this
fish. Data in this study were based on the Research Institute for Tuna Fisheries (RITF) observer
program in Benoa from 2010-2013. Data analysis was base on primary data and secondary data.
Primary data are albacore’s (ALB) swimming layer data which are measured by minilogger. Secondary
data is SSOV data which extracted from World Ocean Atlas 2009 (WOA09). The results show that the
optimum catch of albacore occurred at depth of 118 to 291 m with the average temperature between
12.41-20.47 °C, dissolved oxygen 3.24-4.68 ml/l , salinity 34.78-35.01 psu, nitrate 6.78-17.50 µ mol/
l, phosphate 0.62-1.27 µ mol/l and silicate 10.06-24.77 µ mol/l. The highest catch of ALB was mostly
at depth of 156 m (hook number 2 and 11) with the average temperature 18.71°C, dissolved oxygen
4.68 ml/l, salinity 34.78 psu, nitrate 10.71 µ mol/l, phosphate 0.86 µ mol/l and silicate 15.95 µ mol/l.
The highest influence of swimming layer and sub-surface oceanographic variable to the number of
ALB catch happened at depth of 291 m of ALB swimming layer with coefficient correlation (r) of 0.934
and determination coefficient (R2) of 0.872. The lowest influence of swimming layer and sub-surface
oceanographic variable to the number of ALB catch happened at depth of 156 m of albacore swimming
layer with coefficient correlation (r) of 0.528 and determination coefficient (R2) of 0.279.The relationship
between swimming layer and sub-surface oceanographic variable on catch of ALB tuna was low
(<0.500).
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INTRODUCTION

Albacore (ALB) is a temperate tuna, living mainly
in the mid oceanic gyres of the Pacific, Indian and
Atlantic Oceans (IOTC, 2014). In the Atlantic, their
geographic limits are from 45-50° N and 30-40° S,
while in the Indian Ocean, it’s distribution ranges from
5° N to 40° S with adults occurring from 5° N to 25° S
(ISSF, 2014). According to IOTC, (2014), albacore is
a highly migratory species, swimming for long
distances during its lifetime (Chen et al., 2005). The
ALB habit like that, because they are capable of
thermo regulation, has high metabolic rate, and
advance cardiovascular and blood/gas exchange
systems. In the Pacific Ocean, migration, distribution
availability, and vulnerability of ALB are strongly
influenced by oceanographic conditions, especially

oceanic fronts. Pre-adults (2–5 year old albacore)
appear to be more migratory than adults.

ALB tuna has vertical and horizontal movement
(William et al., 2014). The distribution and the
abundant of ALB, are greatly influenced by
oceanographic variables, such as temperature,
swimming layers (depth of water), and nutrients
(William et al., 2014). The information of ALB
distribution is very important to determine the
successful of tuna catch operation (Barata et al.,
2011).

The main problem in catching ALB species is
unknown its swimming layer stratification and
accompanying phenomena related to the sub surface
oceanographic variable (environment). This study
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describes the impact and correlation of swimming layer
and sub-surface oceanographic variables (SSOV) on
catch of ALB in Eastern Indian Ocean based on the
observer data (as fishing index) and oceanographic
data (as predictive index). The oceanographic data
are collected by the extraction of World Ocean Atlas
2009. The purpose of this study is give a brief
information to the Indonesian tuna longliner on ALB
behavior, the best technique and methods to catchALB.

MATERIALS AND METHODS
Study Area

This study area of ALB based on result of onboard
observer program in 2010-2013. The ALB fishing area
caught by tuna longline fisheries was between 0-33°S
and 85-125 °E. The ALB fishing areas are mostly in
outside Indonesian Exclusive Economic Zone (EEZ)
as presented in Figure 1.

Figure 1. Map of the study area of ALB in Eastern Indian Ocean by Indonesian Tuna Longline fleets sets
from 2010-2013.

Data Collection

Data analyzed were obtained from onboard
observer program on commercial tuna longline fleets
at Benoa-Bali in period of March 2010-October 2013,
with 25 times fishing trips (2.338 active fishing days),
catch and effort data were collected.

In this study, some miniloggers (SP2T-1200 from
NKE Instrumentation) were used to knowALBs hook
depth. Minilogger were fitted at the end of branch line
and replaced the hook. Radio data pencil was used
to transfer data from minilogger to WinMemo program
in the computer. The data from WinMemo was
transferred to Microsoft excel program to be analyzed
and presented as graphical form.

The material used in this study was sub-surface
oceanographic variables (SSOV) derived from Word
Ocean Atlas 2009 (WOA09) extraction. WOA09 is a
set of objectively analyzed (1° grid) climatological

fields of in situ temperature, salinity, dissolved oxygen,
apparent oxygen utilization includes associated
statistical fields of observed oceanographic profile data
interpolated to standard depth level on both 1° grid
and 5° grid. Data processing was conducted at marine
and coastal laboratory of Research and Development
Center for Marine and Coastal Resources (RDCMCR),
Research and Development Agency for Marine and
Fisheries, Ministry of Marine Affairs and Fisheries. A
free ware Ocean Data View ver. 4.5.3.was use to
collect the environmental data from the satellite.

Data Analysis

Four SSOV variables are temperature, dissolved
oxygen, salinity and nutrient (nitrate, phosphate and
silicate). The depths used in the analysis are based
on the measurement of minilogger (swimming layer
of ALB) i.e. 118 m, 156 m, 215 m, 291 m, 319 m and
341 m depths (Figure 2).
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Figure 2. The depth of ALB swimming layer, hook position and average temperature(°C) measured using
minilogger from the Research Institute for Tuna Fisheries (RITF) observer program data ranged
from 2010-2013.

Prior to analyses, we used single regression using
polynomial equation was used i.e.:

Y= ax2+bx+c ……………................………………(1)

where,
Y= catches of ALB
X= sub-surface oceanographic variables in depth of

(118 m, 156 m, 215 m, 291 m, 319 m, and 341 m)

Whereas multiple regressions using linier equation:

Y= a+bx
1
+cx

2
+dx

3
+ex

4
+fx

5
+gx

6
……................…..(2)

where,
Y = catches of ALB
a = constanta
b,c,d,e = coefficient
x

1
= temperature

x
2

= dissolved oxygen
x

3
= salinity

x
4

= nitrate
x

5
= phosphate

x
6

= silicate

According to Hadi (2004), in research methodology
correlation coefficient between two factors always
moved between -1 e” r d” 1, the negative correlation
moved between -1 to 0 and the positive correlation
moved between 0 to 1 (Table 1).

RESULTS AND DISCUSSION
Results

Swimming Layer and Oceanographic Parameters

The highest catch of ALB was mostly at depth of
156 m (hook number 2 and 11) in the water condition
characterized with the average temperature 18.71°C,
dissolved oxygen 4.68 ml/l, salinity 34.78 psu, nitrate
10.71 µ mol/l, phosphate 0.86 µ mol/l and silicate
15.95 µ mol/l. The optimum catch of ALB occurred at
depth of 118 to 291 m with the average temperature
between 12.41-20.47 °C, dissolved oxygen 3.24-4.68
ml/l, salinity 34.78-35.01 psu, nitrate 6.78-17.50 µ
mol/l, phosphate 0.62-1.27 µ mol/l and silicate 10.06-
24.77 µ mol/l (Table 2).

Table 1. The classification of correlation coefficient
value

Source: Hadi (2004)
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Tabel 2. The relationship between swimming layer, number of catch and SSOV of ALB catch in Eastern Indian
Ocean.

Swimming Layer No. of Catch Temperature Dissolved Oxygen Salinity Nitrate (NO3
-
) Phosphate Silicate

(m) (pcs) (°C) (ml/l) (psu) (µmol/l) (µmol/l) (µmol/l)

118 416 20.47 3.89 34.83 6.78 0.62 10.06

156 511 18.71 4.68 34.78 10.71 0.86 15.95

215 417 15.66 3.24 35.01 15.39 1.15 21.80

291 331 12.41 3.55 34.95 17.50 1.27 24.77

319 28 11.50 2.69 34.81 23.44 1.66 33.19

341 13 11.10 2.68 34.70 25.30 1.72 37.30

Correlation Analysis between Catch and SSOV

The correlation between catches of ALB and SSOV
was moderate (>0.500) and the highest correlation
coefficient found at 291m of ALB swimming layer
(Table 3).

The single regression analysis between the number
of catch and specific SSOV such as temperature,

dissolved oxygen, salinity, nitrate, phosphate and
silicate was presented in Table 4. The relationship
between the number of catch and specific SSOV was
low (<0.500). The highest correlation is temperature
(mean r = 0.369) followed by salinity (mean r = 0.212),
dissolved oxygen (mean r = 0.176), silicate (mean r =
0.170), phosphate (mean r = 0.157) and nitrate (mean
r = 0.152).

Table 3. Multiple regression analysis of ALB in Eastern Indian Ocean with different swimming layer.

Note: X
1

= temperature, X
2
= dissolved oxygen, X

3
= salinity, X

4
= nitrate, X

5
= phosphate, X

6
=silicate,

Y= catches of ALB, r=correlation coefficient, R2=coefficient of determination

Table 4. Single regression analysis between number of catch and specific oceanographic variable at different
swimming layer

Temperature Disolved O2 Salinity Nitrate (NO3
-) Phosphate Silicate

(°C) (ml/l) (psu) (µ mol/l) (µ mol/l) (µ mol/l)

Y=732.79-72.315 X+1.809 XY=194.02-95.68 X+12.59 X2
Y=-362.95+11.08 X Y=27.81+0.51 X-1.27 X2

Y=30.66-12.13 X Y=35.03-1.37 X+0.015 X2
Polynomial Equation

0.551 0.452 0.246 0.295 0.143 0.255 r

0.304 0.204 0.061 0.087 0.200 0.065 R2

Y=212.09-17.75 X+0.409 X2 Y=16.93+2.96 X-0.11 X2
Y=33.11-0.252 X Y=7.60+5.67 X-0.32 X2 Y=8.39+81.18 X-62.10 X2 Y=21.94+1.36 X-0.064 X2

Polynomial Equation

0.173 0.138 0.003 0.160 0.224 0.090 r

0.030 0.019 0.000 0.026 0.050 0.008 R2

Y=386.21-38.93 X+0.98 X2Y=369.82-202.58 X+26.94 XY=9162.98-501.021 X+6.84 X Y=7.86+3.52 X-0.15 X2Y=-29.39+125.27 X-62.91 X2 Y=47.48-5.74 X+0.17 X2
Polynomial Equation

0.387 0.003 0.160 0.078 0.015 0.148 r

0.150 0.000 0.026 0.006 0.000 0.022 R2

Y=235.12-24.98 X+0.67 X2Y=349.52-181.05 X+23.18 X Y=1095.79-30.496 X Y=-1.35+5.77 X-0.18 X2 Y=27.09-19.19 X+14.53X2 Y=50.90-5.31 X+0.13 X2 Polynomial Equation

0.347 0.107 0.356 0.004 0.226 0.236 r

0.121 0.012 0.127 0.000 0.510 0.056 R2

Y=133.56-19.64 X+0.72 X2 Y=-12.71+12.09X-2.06 X2 Y=234.80-6.64 X Y=-5.07+0.67X-0.01X2 Y=-15.43+27.22X-8.97X2 Y=-2.01+0.519X-0.01X2 Polynomial Equation

0.387 0.181 0.297 0.223 0.176 0.119 r

0.150 0.033 0.088 0.050 0.031 0.014 R2

319 m

215 m

291 m

Sub -Surface Oceanographic Variable

Annotation
Swimming Layer

(m)

118 m

156 m

Swimming Layer

(m)

118 Y= 2872.25-12.78X1-5.01X2-72.42X3-2.41X4-37.83X5-0.54X6 18 0.787 0.619

156 Y= 2124.78-8.50X1-0.12X2-54.20X3-2.57X4-76.87X5+2.35X6 21 0.528 0.279

215 Y= 274.88-12.17X1+17.33X2-3.26X3-3.98X4-59.93X5+5.62X6 22 0.763 0.582

291 Y= 5990.55+21.36X1+95.230X2-192.70X3-5.94X4+220.89X5-0.26X6 11 0.934 0.872

319 Y= 5990.55+21.36X1+95.230X2-192.70X3-5.94X4+220.89X5-0.26X6 8 0.747 0.557

Polynomial Equation r R2n
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Discussion

Swimming Layer and Oceanographic Parameters

Depth of the waters is devided into 3 layers i.e.
surface layer (homogeneous layer), thermocline layer
(temperature dropped sharply), and under layer (cold
layer) (Latumeten et al., 2013). Tuna and tuna like
species fisheries in Eastern Indian Ocean are closely
linked with thermocline layer. Large pelagic fishes tend
to live in thermocline layer and the area below the
thermocline layer (Song et al., 2007). According to
Nontji (1993), thermocline is a deep layer of the waters
where the temperature decreases rapidly with the
depth. The absolute value of vertical temperature
decrease in standard thermocline layer was e” 0.05
°C m-1 depth (Bureau of technical supervision of the
P.R of China, 1992).

The current study indicates that the majority of
ALB swimming layer was in thermocline water with
depth of 118 to 291 m (Table 2). The highest catch of
ALB is conducted at 156 m swimming layer because
this layer has a compatible temperature (mean ±
19°C), compatible salinity (mean ± 34.78 psu) and
sufficient oxygen dissolved (mean ± 4.68 ml/l). The
result of this study in accordance with Nugraha &
Triharyuni, (2009), who stated that ALB in Indian
Ocean was caught at depth of 150-199.9 m. This
study also indicated that temperature, dissolved
oxygen, salinity and the availability of prey are greatly
sufficient to ALB life. This study shows that the
optimum temperature range was from 12.41 to 20.47
and the optimum dissolved oxygen was >2.69 ml/l.
Lehodey (2002) stated that the minimum oxygen
requirement for ALB is about 2 ml/l with the optimum
temperature range from 15-25°C. Chen et al. (2005)
stated that ALB especially matureALB (spawning and
non-spawning ALB) are greatly influenced by sea
surface temperature (SST), temperature at depth of
100 m (Temp_100), sea surface salinity (Sal_0), and
dissolved oxygen at depth of 200 m (DO_200). The
optimum CPUE Catch per Unit of Effort of ALB
occurred at the average of (SST )25°C, (Temp_100)
21.2°C, (Sal_0) 35psu and (DO_200) 5.42 ml/l.

The optimum swimming layer ofALB (Table 2) also
occurred in the area of photic zone or pelagic zone
(0-200 m depth) where the intensity of sunlight is
enough for the photosynthesis process (Nybakken,
1992). This area also containts high primary
productivity with temperature ranging between 15.66-

20.47°C, dissolved oxygen >3 ml/l, average of salinity
±35 psu, nitrate 6.78-15.39 µ mol/l, phosphate 0.62-
1.15 µ mol/l and silicate 10.06-21.80 µ mol/l. This
study is in accordance with Guntara, (2004), who
stated that photic area has high primary productivity
with temperature range 10-28°C, salinity 37-32 per
mil, dissolved oxygen 3.5-7 ml/l and nutrient content
(phosphate) 0-30 mg/m3. The photosynthesis process
followed by the availability of plankton (phytoplankton
and zooplankton) that serves as food for small fish
and small fishes in their turn serve as food for big
fish.

Horizontally,ALB tuna is capable of residing within
an area of approximately 300-400 km2 for periods of
at least days to weeks, and also capable to moving
for larger distances (>1,000 km) within periods of
weeks (William et al., 2014). Migration over 1,000 km
mostly is involved by seasonal migration (Cosgrove
et al., 2014). Tuna seasonal migration is caused by
seasonal oscillation (El Nino and La Nina)
characterized by a difference sea surface temperature
(Syamsuddin et al., 2013). Vertically, ALB tuna can
move to seek the preferred area. According to
Domokos et al. (2007), ALB tuna spends their time in
deeper and cooler waters during the day and shallow
waters during the night. ALB tuna is thought to use
physiological thermoregulation to maintain a stable
body temperature at approximately 20 °C in water
temperatures between 11.5 and18.0 °C (Graham &
Dickson, 1981). Below 11.5 °C, the body temperature
of albacore tuna has been observed to decline, and in
response, individuals have been observed to modify
their behavior, moving vertically into warmer water, to
raise the body temperature. The study in New Zealand
water indicated that ALB did not enter water less than
12 °C. In addition, vertical movement of ALB also
related to the abundance of prey such as krill,
anchovy, squid and others small pelagic fish (William
et al., 2014).

Correlation Analysis between Catch and SSOV

The information on relationship between the number
of catch and sub-surface oceanographic variables
(SSOV) is conducted using regression analysis. The
relationship will be higher if the correlation coefficient
(r) and determination coefficient (R2) are close to one
(1). Based on single regression analysis between
SSOV and the number of catch for all season in
Eastern Indian Ocean, it found that the highest
coefficient correlation (r) of 0.934 and determination

The Influence of Swimming Layer ……. in Eastern Indian Ocean (Rochman, F., et al.)
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coefficient (R2) of 0.872 were contained in ALB
swimming layer 291 m depth. The lowest coefficient
correlation (r) of 0.528 and the lowest determination
coefficient (R2) of 0,279 were found inALB swimming
layer 156 m depth (Table 3). It means that the
relationship between SSOV and the number of catch
in depth of 291 m is high. Determination coefficient
(R2) of 0,872 means that 87,2% of SSOV in depth of
291 m affected the number of ALB catches. The
specific SSOV which influenced the number of ALB
catches at depth of 291 m were temperature (r = 0,347
and R2 = 0,121), salinity (r = 0,356 and R2 = 0,127)
(Table 4). The average temperature and salinity at
depth of 291 were 12,41°C and 34,95 psu.
Temperature variable is a key factor of ALB behavior.
According to William et al. (2014), based onALB tuna
tagged in South Pacific Ocean, ALB did not enter the
water below 12°C. Thus, the slightest change of
temperature variable will be followed by a significant
change of ALB catches. In this study, sub- surface
salinity and dissolved oxygen were not differentiating
factor because salinity range was stable at 34-35 psu
and dissolved oxygen > 2 ml/l. The optimal salinity
for ALB was 33-35 psu and the minimum oxygen
requirement is about 2 ml/l (Foreman,1980). ALB
tends to choose more appropriate salinity with the
osmotic pressure of their bodies. The change in
salinity will stimulate ALB to migrate (horizontal and
vertical) to the place of a suitable salinity with the
osmotic pressure of their bodies. The high metabolic
activity of swimming ALB requires the support of
circulating system capable of delivering high volume
of blood and large quantity oxygen to the whole of
their bodies (Lai et al., 1987).

In swimming layer of 156 m depth, the relationship
between SSOV and the number of ALB catches was
low ( r = 0.528 and R2= 0.279) although the increasing
of ALB catch number occurred. At depth of 156 m,
the average of SSOV was in optimal condition (Table
3) (temperature ± 18,71 °C, dissolved oxygen ±4,68
ml/l, salinity ±34,78, nitrate ± 10.71, phosphate ± 0,86
and silicate ±15,95). Besides that, this swimming
layer has a sufficient sunlight for photosynthesis
process and lead to high primary productivity. The
increasing of primary productivity is followed by the
increasing of ALB prey such as squid, krill and others
small pelagic fish. This causes the number of ALB
catch at this swimming layer steady increase even
though a little change of SSOV structure. According

to Kasma et al.(2008), the potential fishing ground
area for ALB at coordinate 11-16°S and 106-121°E in
Indian Ocean has a primary productivity between 73
mg C/m2/day to 732 mg C/m2/day and sea surface
temperature 24-30°C.

CONCLUSION

The most significant influence of SSOV is obtained
at depth of 291 m of ALB swimming layer with
coefficient correlation (r) of 0.934 and determination
coefficient (R2) of 0.872.A little change of SSOV would
be followed by a significant change of ALB catches.
This work suggests that temperature, dissolved
oxygen, salinity and the availability of prey would be
key factors for ALB catches at depth of 291 m.
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