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　　 Background and Objectives

Pacific saury (Cololabis saira)

Important fisheries resources

TAC (Total Allowable Catch) 

286,000 tons in 2005

The large fluctuations year by year  

The management of Pacific saury resources



　　 Background and Objectives
　　 Previous studies of Pacific saury fishing grounds
(e.g. Uda 1936, Matsumiya and Tanaka 1976, Fukushima 1979,  Saitoh et al. 1986, 
Yasuda and Watanabe 1994, Yasuda and Kitagawa 1996 )

　　 Prediction of Pacific saury fishing grounds

Forecast of Pacific saury in every ten days                    
(Tohoku Regional Fisheries Research Laboratory) 

Considering the fishery efficiency 
and the fuel saving 

However ....

Estimation of the Daily fishing grounds



　　 Background and Objectives

----- Thermal fronts
Good fishing grounds

Depend on Thermal fronts
(e.g. Uda 1936,  Fukushima 1979,  
Nakamura. 1979, Yasuda and Watanabe 
1994, Yasuda and Kitagawa 1996 )

However….
Not Evaluate of  
quantification 
relationship 

Saury’s migration route



　　 Background and Objectives

Objectives

To examine SST and Chl-a on the formation of 
saury fishing grounds

To evaluate the relationship between daily Pacific 
saury fishing grounds and thermal fronts

To estimate Daily Potential 
saury fishing grounds based on 
these results



Data (Satellite data)
DMSP/OLS (visible)
　Pacific saury fishing fleet lights
NOAA/AVHRR
　Sea surface temperature (SST)
Orbview2/SeaWiFS
　Chlorophyll-a concentration (Chl-a)
Period:   August~December  2000,2001,2002

Spatial resolution:  1km  

DMSP/OLS NOAA/AVHRR Orbview-2/SeaWiFS



Methods    ~Calculate SST gradient~ 

Edge Detection Algorithm for SST Images
Cayula and Cornillon(1992)

Calculate SST histogram within 11*11 pixel windows

Classify the SST into two water masses

　 Define SST gradient as the SST difference of two water 
masses

Calculated SST gradientSST image



Methods

Final Potential fishing grounds estimated 
by both methods 

Potential fishing grounds 
estimated by SST gradient

Step.1 Potential fishing grounds 
estimated by SST and Chl-a

Step.2

Step.3



Methods Step1
SST image Chl-a image

Potential fishing grounds 
estimated by 

the favorable SST and Chl-a

SST and chl-a                    
on  the formation of               

fishing groundsHokkaido

Sanriku

Jyoban
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Results and Discussion

SST(oC)
Hokkaido 　 Sanriku        Jyoban     2000     2001     2002

SST and chl-a on the formation of fishing 
grounds  2000~2002



Results and Discussion
<Potential Fishing grounds estimated by SST and Chl-a> 
　　　

The Rule to estimate in Oct.

SST:11.0~15.3oC
Chl-a:1.0~2.5mg m-3

Hokkaido Oct. 2000~2002

05 Oct. 2003

Chl-aSST

05 Oct. 2003



Methods Step2

SST image

SST gradients

Chl-a image

Potential fishing grounds 
by SST-Chl-a

Potential fishing grounds 
by SST gradients

Distance between  fishing 
grounds and strong SST 

gradients



Results and Discussion



Results and Discussion

Distance between fishing grounds and strong SST gradients 
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Results and Discussion

Distance between fishing grounds and strong SST gradients 

Period Distance(km)

The end of Oct. 2001 24～32
The beginning of Dec. 2001 22～28
The beginning of Dec. 2002 20～28

Offshore of Jyoban area

Period Distance(km)

The end of Oct. 2000 24～30
The end of Sep. 2001 24～32
The middle of  Oct. 2001 26～32
The middle of  Oct. 2002 24～32
The beginning of Oct. 2002 22～30

Offshore of Hokkaido area



Results and Discussion
Potential Fishing grounds estimated by SST gradients 　
　　

5 Oct. 2003

The Rule to estimate in Oct.

Distance:22~32km                                          
Hokkaido Oct. 2000~2002



Methods Step3
SST image

SST gradients

Final Potential Pacific saury fishing grounds

Chl-a image

Potential fishing grounds 
by SST-Chl-a

Potential fishing grounds 
by SST gradient



Results and Discussion

5 Oct. 2003

Actual Fishing grounds　　

Potential Fishing grounds estimated by SST_chl-a 　　　

Potential Fishing grounds estimated by both methods　　
Potential Fishing grounds estimated by SST gradients  
　　　

Potential Fishing ground corresponded with
73% of actual fishing ground 



　　 Background and Objectives

Actual Fishing grounds　　

Potential Fishing grounds estimated by SST_chl-a 　　　

Potential Fishing grounds estimated by SST_chl-a and gradients 
Potential Fishing grounds estimated by SST gradients  
　　　

30 Oct. 2003

Potential Fishing ground corresponded with 
45% of actual fishing ground 



Summary

As saury migrated south, the SST and chl-a varied with 
areas.

The difference of  Growth stage??

Fishing grounds  formed about 30km from strong SST 
gradients.

The wall effect?? 

Estimated fishing grounds corresponded closely with 
the actual Pacific saury fishing grounds.

The possibility of estimation !!!!



Future Works

To more precisely estimate the potential fishing 
grounds   

Relationship between Warm core rings and 
Pacific saury fishing grounds

To predict in near real time   



Thank you !Thank you !
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Slide 1 
 
Thank you Mr. chairperson.  
My name is Toshiyuki Konishi.  
I’m a graduate student of Hokkaido University. 
Today, I’m going to talk about Predictability of Pacific saury fishing grounds in the 
Northwestern North Pacific using satellite remote sensing data  
 
 
Slide 2 
 
Pacific saury is one of the important fisheries resources and popular in Japan. 
Saury was also selected as target species of TAC and limited 286,000 tons in 2005. 
Its catch shows large fluctuations year by year, considering a continuous and sustainable 
use of saury, it is very importance to manage its resource.  
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There are many previous studies of Pacific saury fishing grounds. 
As a result, it is possible to predict saury fishing ground in every ten days. 
However, considering the fishery efficiency and the fuel saving. 
So, it is necessary to estimate the daily fishing grounds. 
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Now, I will move to the saury migratory ecology based on the previous research. 
It widely migrates from Kuroshio area to Oyashio area. 
Saury migration could be associated with the spatial distribution of thermal front. 
However quantification relationship between daily saury fishing grounds and thermal 
fronts have not been evaluated yet.   
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So, in this study our object is to examine SST and Chl-a on the formation of saury fishing 
grounds. 
We evaluate the relationship between daily Pacific saury fishing grounds and frontal 
waters. 
***Finally, we estimate daily potential saury fishing grounds based on these results. 
 
 



Slide 6 
 
In this study, we used three satellite data sets. 
The formation of pacific saury fishing ground were determined by the location of pacific 
saury fishing fleet lights detected by DMSP/OLS visible images. 
Sea surface temperature was extracted from NOAA/AVHRR dataset. 
Chlorophyll-a concentration was estimated from Orbview2/SeaWiFS.  
We supposed that primary production was high potentially and use it 
Period was from Aug. to Dec. in 2000, 2001 and 2002. 
Spatial resolution was all 1 km. 
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To calculate SST gradient, we applied the Edge Detection Algorithm by Cayula and 
Cornillon (1992) . 
In first step, we calculated SST histogram within 11 times 11 pixel windows. 
Then, we classified the SST into two classes within the windows. 
Then we define SST gradient as the SST difference of two classes. 
This is the SST gradient image. 
And warm color shows high SST gradient.  
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Now, I will talk about the estimation of fishing grounds.  
In our studies, there were three steps. 
In the first step, we applied the rang of SST and chl-a. 
In the Second, we used only the distance relationship between fishing grounds and strong 
SST gradients. 
Finally, both methods were combined to determine fishing grounds. 
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I will explain the first step in detail. 
We classified our study area into three regions, the Hokkaido area, the Sanriku area and 
the Jyoban area. 
We examined SST and chl-a on the formation of Pacific saury fishing grounds in each 
area and determined the favorable SST and chl-a ranges for saury.  
Finally, we estimated the potential fishing grounds using these ranges. 
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Now, I will move to the results and discussions.  
We examined SST and chl-a on the formation of fishing grounds from 2000 to 2002. 
The X-axis is SST, and the Y-axis is Chl-a. 
These red points are the average of SST and chl-a in Hokkaido every 10 days. 
***In Hokkaido area, we found the favorable SST ranges was from 11 to 18 Celsius 
degrees and the favorable chl-a range was from 0.3 to 2.5 mg/m3. 
***In Sanriku area, the SST range was from 12 to 17.5 Celsius degrees and the chl-a 
range was from 0.3 to 1.1 mg/m3. 
***In Jyoban area, the SST range was from 15 to 20 Celsius degrees and the chl-a range 
from 0.35 to 0.65 mg/m3. 
The favorable SST and chl-a varied with three areas. 
As saury migrated south, SST increased and Chl-a decreased. 
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On the left is a SST image and on the right is a Chl-a image on 3rd Oct. 2003. 
***In Hokkaido area in Oct. from 2000 to 2002, the fishing grounds formed in these 
ranges. 
We estimated the fishing grounds using these ranges on 5th Oct. 2003. 
***These white areas were where fishing grounds were estimated by this rule. 
It is necessary to discuss the ecological significance about SST and chl-a on the 
formation of fishing grounds.  
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Now, we will explain second step. 
We examined the distance between fishing grounds and strong SST gradients. 
Then, we estimated Potential fishing grounds based on the rule of SST gradients. 
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***This is the overlaid image of SST gradient and fishing grounds in the Hokkaido area. 
These white areas are the actual saury fishing grounds. 
They formed near areas of strong SST gradients. 
****Also, in the Joban area, They formed near areas of strong SST gradients. 
But in Sanriku area, the fishing grounds didn’t occur near strong SST gradients. 
 
Slide 14 
 
Now, we examined the distance between fishing grounds and strong SST gradients  



On the left is a SST gradient image, and on the right is a histogram of distance between 
fishing grounds and strong SST gradients. 
The mode is about 27km. 
It is thought that much energy is needed for  saury to pass through strong SST gradients. 
So, saury may save energy by avoiding strong SST gradients. 
It is necessary to discuss the ecological significance about this. 
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Now, we will talk about the distance in other time and area.   
The upper table shows data from the Hokkaido area, and lower is from Jyoban area. 
In the Hokkaido area, the fishing grounds formed from 22 to 32 km away from strong 
SST gradients. 
In the Jyoban, they formed from 20 to 32 km away. 
There were few differences between areas. 
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Now, I will talk about the estimation of fishing grounds.   
In the Hokkaido in Oct. 2000~2002, the Fishing grounds formed in this range.  
We estimated the fishing grounds using this range. 
Offshore of Erimo, the estimated fishing ground was distributed near high SST gradients. 
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Finally, we estimated the fishing grounds using two methods, by SST gradients and by 
SST and Chl-a. 
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We estimated the potential fishing grounds on 5 Oct 2003. 
The white areas are the potential fishing grounds estimated by SST and chl-a. 
They formed near the coast. 
The light blue areas are the potential fishing grounds estimated by SST gradients. 
They formed offshore of Erimo. 
The pink areas are the overlap of these two estimated fishing grounds. 
They formed around the Erimo and the Ochiishi. 
Finally, we overlaid the actual fishing grounds in yellow. 
They were distributed near Pink area offshore of Erimo. 
The Potential Fishing ground explained 73.2% of the actual fishing ground. 
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We estimated the potential fishing grounds on 30 Oct 2003. 
The pink areas are the overlap of these two estimated fishing grounds. 
They were scattered. 
Finally, we overlaid the actual fishing grounds in yellow. 
They were distributed near Pink area. 
The potential Fishing ground explained 44.8% of the actual fishing ground. 
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I will summarize our results. 
First, as saury migrated south, the SST and chl-a varied with areas. 
Second, the fishing grounds formed about 30km from strong SST gradients. 
Finally estimated fishing grounds corresponded closely with the actual Pacific saury 
fishing grounds. 
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In the future, we will study the following to more precisely estimate the potential fishing 
grounds.  
First, saury is known to avoid warm-core rings, so we will examine this relationship in 
more detail. 
Second, we will try to use our method to allow real time prediction of the location of the 
fishing grounds. 
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