Relationship between albacore (Thunnus alalunga) fishing
grounds in the Indian Ocean and the thermal environment
revealed by cloud-free microwave sea surface temperature
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Abstract

Using cloud-free Advanced Microwave Scanning Radiometer for the Earth Observing System (AMSR-E) sea surface temperature (SST) and daily set longline
fishery data, we studied the relationship between albacore (ALB) fishing grounds and thermal conditions in the southern Indian Ocean. In winter, high
CPUE occurred in the vicinity of the North Subtropical Front (Belkin & Gordon, 1996), where SST was 15–19°C and JSD was 0.3–0.9. Histograms of the high
CPUE plotted against SST and JSD indicated that 95% of the high CPUEs were in the 16–18.5°C SST range and 97% were in the 0.4–0.9 JSD range. These
ranges of SST and JSD are optimum ranges. These cloud-free SST/JSD analyses clearly demonstrate the seasonal north-south movement of the optimum
SST and JSD band, which corresponds to the North Subtropical Front in the southern Indian Ocean. Monthly maps of joint probability density (JPD) with
the optimum ranges of SST and JSD revealed that high CPUEs are located in the narrow bands with high JPD (> 50%).

Data and methods
Albacore (ALB) fishery data
Fishery data, consisting of daily ALB catches and LL fishing efforts for
the period from January 2006 to December 2008. We calculated the
daily catch per unit effort (CPUE) for a LL set as the number of
individuals captured per 1000 hooks of the LL set.. Following Andrade
and Garcia (1999) and Zainuddin et al. (2008), we divided these values
into four categories (C1–C4): C1, CPUE = 0 fish (i.e., null catches; n =
318); C2, 0 < CPUE< 1.9 fish (low positive catches; n = 428); C3, 1.9 <
CPUE < 11 fish (positive catches; n = 352); and C4, 11 < CPUE (high
catches; n = 292).
1.AMSR-E SST maps
Figure 1a shows the SST path map for 1 June. An example of one path
SST map is shown in the upper-right of Figure 2. The daily AMSR-E
SSTs do not cover the global oceans (Fig. 1a). To produce the daily SST
map for Day-0, the AMSR-E SSTs for the days before and after Day-0
are used together with the SSTs for Day-0 (Figs. 1a, 1c, 2).
2.JSD maps
For each SST pixel in the AMSR-E path (Figs. 1a, 2), the JSD value is
calculated using the surrounding eight (3×3 neighborhood) SST pixels.
Since each SST pixel has a JSD value, we can obtain a JSD map with a
spatial resolution of 0.125°.
3.Analysis using the daily SST maps, JSD maps, and CPUE
As illustrated in the flow chart in Figure 2 and stated above, the daily
SST and JSD maps with a 0.125°resolution were combined with daily
CPUE to investigate the relationships among them. Monthly statistics
for the relationships were obtained using the daily maps and CPUE .

Result

Figure 1.(a) AMSR-E sea surface temperature
and (b) Jensen-Shannon divergence maps for 1
June 2006 (Day-0), and the averaged maps using
SSTs on the days before and after Day-0 together
with Day-0 (c, d).

Figure 3.Monthly (a)
albacore catch, (b)
effort, and (c) mean
CPUE for 2006, 2007
and 2008.

Figure 2. (a) AMSR-E sea surface temperature
and (b) Jensen-Shannon divergence maps for 1
June 2006 (Day-0), and the averaged maps using
SSTs on the days before and after Day-0 together
with Day-0 (c, d).

Figure 5.The daily albacore CPUEs in winter plotted on
the daily SST-JSD diagram. The black and blue circles
indicate “low positive catch” (C2) and “positive catch”
(C3) CPUEs, respectively. The large red circles indicate
the “high catch” (C4) CPUEs.

Figure 6. The histograms of “high catch”
CPUEs with cumulative distributions
(black lines) plotted against (a) SST, (b)
JSD, and (c) JPD during winter for 2006
to 2008.

3.1 High CPUEs (C4) in the Indian Ocean
in Figure 4a and b , the zonal yellow bands with JSD > 0.6 around 30°S and 40°S correspond to the North
and South Subtropical Fronts, respectively, in the Indian Ocean (e.g., Belkin & Gordon, 1996). In the
westernmost part of the study area, the Agulhas Front is important (Belkin and Gordon, 1996, Fig. 4).
3.2 Relationships among SST, JSD, and C4 CPUE
Figure 5 ,It is clear that the C4 CPUEs (235 large red circles) occur in the area with SSTs of 15–19°C and
JSDs of 0.3–0.9. Histograms of the C4 CPUEs with the cumulative distributions (black lines) plotted
against SST and JSD are shown in Figure 6a and b, respectively. The black lines increase drastically at SST
Figure 4.All of the albacore CPUEs plotted on the (a) mean SST
=
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and
JSD
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and
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while
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and (b) JSD maps for the entire study period from 2006–2008
JSD range of 0.4–0.9. These ranges of SST and JSD are called the optimum SST and JSD ranges.In figure7 ,to investigate the area (dashed red box in Fig. 7a)
with the C4 CPUEs, the SST and JSD maps were enlarged (Fig. 7d and e, respectively). This demonstrated that the C4s occur in the 17–18°C SST range and
0.7–0.8 JSD range, which is consistent with the results shown in Figures 5 and 6. Figure 8 clearly shows north-south movement of the high-JSD band,
corresponding to shifts in the North Subtropical Front. The C4 CPUEs are located in the northernmost high-JSD band because they were obtained in
winter (See Fig. 3).Figure 9 is a monthly map of the joint probability density (JPD) of the optimum ranges of SST (16–18.5°C) and JSD (0.4–0.9).
The C4 CPUEs are superimposed on these figures, demonstrating that the C4s are always located in high JPD areas. Figure 6c plots the histogram of the C4
CPUEs against the JPD. They appear mostly in the JPD range of 50–100%, which is consistent with the appearance of the C4s in the narrow yellow and red
bands in the JPD maps in Figure 9.

Figure 9. Monthly map of the joint probability density (JPD) for the optimum ranges of SST (16–18.5°C)
Figure 8. Temporal variation in the zonal average of JSD and
and JSD (0.4–0.9). (a) The JPD map for June 2007 for the entire Indian Ocean, and the enlarged JSD map
Figure 7. The “high catch” CPUEs superimposed on SST (b, d) and JSD (c, e) maps
for the red box in (a). (b) to (e) are for June, July, August, and September 2007, respectively. “High catch”
“high
catch”
CPUEs
(red
circles)
for
the
period
2006–2008
(right
with the 16–19°C isotherms for 29 July 2007. (b) and (c) are the SST and JSD maps,
CPUEs (green circles) are superimposed on these figures.
panel).
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respectively, for the area in the red box in (a). (d) and (e) are close-ups of the area in the
the JSD map for 1 January 2006 by the blue box in the left panel.
dashed red box in (a) – (c). The purple circles indicate the “high catch” CPUEs.

