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ABSTRACT

Objectives: The annual catch of the common squid Todarodes pacificus in Korean coastal waters has gradually

increased since the late 1980s. We investigated the long-term effects of climate variability on the variation in

catches of the squid in the offshore fisheries of Korea.

Methods: Moving average method, correlation analysis, and regression analysis were used to determine the

relationship between the environmental factors and fluctuation in the catch of the squid during the past 30

years (1981- 2010). A ten-year moving average was calculated and used for each variable.  

Results: Squid catches in Korean coastal waters increased over time, and there were significant variations within

every ten years (p < 0.001). Air temperature, atmospheric pressure, and wind grade among the meteorological

factors, alongside sea surface temperature (SST) and concentrations of phosphate phosphorous, and nitrite/nitrate

nitrogen in the sea water increased and were positively related with the catch size of squid (p < 0.001). However,

salinity decreased and was negatively related with the catch size (p < 0.001). The increase in air temperature and

SST was almost parallel, although there was a time lag between the two factors. 

Conclusion: These results suggest that there is a causal association between climate change and squid

populations. Climate change, especially ocean warming, appears to have been largely favorable for squid range

expansion into Korean seas. Although the expansion may be helpful for the human food supply, the safety of

the squid caught should be monitored since the concentrations of phosphorous and nitrogen in the sea water

increased, which indicates that Korean seas have grown gradually more polluted. 
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I. Introduction

Squid are cephalopods of the order Teuthida,

which comprises around 304 species.1) Squid has

known to play an important role in marine food-

webs. As a predator, they feed on pelagic and

demersal fishes, other cephalopods and crustaceans,

and in turn, provide prey for many apex predators.2,3)

Among the squid, Todarodes pacificus is a widespread

species in the northwest Pacific and is an important

fishery resource in Korea. It occupies most of the

squid catch in Korea as well as one of three squid

species that occupies more than 60% of world squid

catch.4,5) Since squid has been one of the main fish

species preferred by Koreans, cooked in various

forms such as boiled, steamed, fried, roasted, and

dried, the catch of squid has been an important

target for fisheries in Korea. 
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The Korean territory is a peninsula surrounded by

sea on three sides and is called the East Sea, the

South Sea, and the West Sea (another name is

Yellow Sea), respectively. In Korea, this squid has

been caught mainly in the East Sea for a long time

from the past. It is expected that fishery of squid

will be affected by marine environment such as

water temperature, food distribution, current strength

and direction 6-8) Actually, it is known that the squid

catch of the East Sea is strongly influenced by

water temperature, such as the fluctuation and

distribution of water temperature in the East Sea

coast.9,10) 

From the early 1990s, squid catches increased

sharply compared to the 1980s. Looking at the

fluctuation of fisheries in the 2000s, the catch of

squid in the West Sea has increased steeply. This

fact has become an opportunity to recognize the

importance of the West Sea as the squid fishery.

The predominant species of the catch of

Todarodes pacificus in the West Sea is known as

the winter cohort. The squid fishing grounds

begin to form in June and become high season

in August-September. In the spawning season, the

winter spawning ground is formed from

December, and the annual catch of the species

shows big fluctuation.11,12) 

The pattern of inflow of the squid in the West

Sea is not well known, and the related study is not

many compared to the squid in the East Sea.

Previous researches have mainly focused on the

relationship between catches and the variations of

catching methods. As a related report, there was a

study on the spatio-temporal appearance and

distribution of fish larvae in the Korean waters.10,13)

Regarding the migration patterns of squid larvae, a

research reported that the catch rate of the West Sea

increased during the cold season when the total

catches of Korea and Japan decreased by sea

surface temperature analysis.14) Recently, there have

been reports to clarify the causes of increased squid

catch in the West Sea.15)

However, it is difficult to find studies on the

fluctuation of the squid fishing ground in Korean

coastal sea due to the change of the climatic factors

other than the sea surface temperature. Further there

are few studies that have reported this for a long

time. In this study, we investigated the long-term

effects of climate variability on the catch size of

Todarodes pacificus in Korean coastal sea. This was

studied by examining / determining the relationship

between the main environmental factors and

fluctuation of catches of the squid during the past

three decades. 

II. METHODS

2.1. Data source

Fisheries data: For the catches of squid of

offshore fisheries, annual squid catch data of the

past 30 years (1981~2010) were collected from

Fisheries Yearbooks, Agricultural and Fisheries

Statistics, and Korea Statistics.16-18) 

Environmental factors: Time series data of the

Jungsun Marine Survey of National Fisheries

Research Institute for 30 years from 1981 to 2010

were used for investigating the variation of

meteorological factors and marine factors in Korea19)

The observations of the survey were performed at

121 lines / stations every two months from February

to December every year. Among the observed

oceanographic factors, sea surface (less than 10 m

depth) temperature (SST), salinity, and dissolved

oxygen of sea water, which are related to the habitat

of squid were selected. The nutrients such as

nitrogen and phosphorous of sea water, which are

regarded as the cause of eutrophication of sea were

also selected, although they started to observe these

factors from the 1990s in the Jungsun Marine

Survey. The survey data such as air temperature

(dry bulb temperature), atmospheric pressure,

wind grade were selected as main meteorological

factors. The Jungsun Marine Survey does not
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include precipitation data, therefore we collected

the data from the annual average precipitation data

of the Korea Meteorological Administration.20)

2.2. Statistical analyses 

Each factor and squid catch were calculated

according to the 10-year moving average, and the

annual average value was calculated. Equation (1)

gives the 10-year moving average. 

, (1)

where MAt = 10-year moving average of year t, and

CSi = catch size of year i. 

Long-term trends (1981~2010) in the sea

condition and the catch size of squid were

quantified using moving average method. Correlation

analysis was performed to investigate the

relationship between the catch size of squid and

selected environmental factors over the past 30

years. Regression analysis was done to figure out

the effect of environmental factors on the catch size

of squid. For data analysis and statistical processing,

Excel and SPSS were used. 

III. Results

3.1. Variations of squid catches 

In the past 30 years, the catches of squid in

offshore fisheries of Korea have fluctuated from

decade to decade. The squid catch at each decade

changed significantly (p<0.05) (Fig. 1). The catch

size of squid was about 40~50 thousand tons in the

1980s. The annual catches of squid have gradually

increased, since then it has continuously increased,

reaching 226,309 tons in 2000. The level was

maintained until 2004, however, the abundances

have been lower since mid-2000s. It has been

pointed out that this decline from the mid-2000s is

related to the illegal fishing of fishermen in other

countries nearby. 

Fig. 2 shows the changes in the 10-year moving

average of catch size of squid in offshore fisheries

of Korea (Fig. 2). Although the period from the

year 2000 was found a gradual decline in the total

catch, squid catches in the 2000s still accounted for

more than 20% of the major fish species preferred

by Koreans as shown in Fig. 1. 

In addition, changes in the fishing ground of

squid were observed from around this period. The

East Sea has played a major role as fishing ground

of squid in Korea since long ago. However, as the

catch of squid increased and squid has been caught

from West Sea, this led to the recognition of the

importance of the West Sea as well as East Sea as

the fishing ground of squid (Fig. 3). 
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Fig. 1. The percentages of squid catch in Korea's offshore

fisheries at every 10 years.

Fig. 2. Changes in the ten-year moving average of squid

catches in offshore fisheries of Korea during the

past 30 years.
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3.2. Variations of environmental factors

Table 1 shows the changes in the 10-year moving

average of each meteorological and sea water

quality (oceanographic) factors (Table 1). Most of

the factors changed significantly (p<0.001) except

the amount of precipitation and concentration of

Fig. 3. Changes and expansion in the fishing ground of squid in Korean sea: left; in 2000, right in 2004 (Source: National

Fisheries Research and Development Institute, 2005).

Table 1. Changes in ten-year moving average of environmental factors from 1981 to 2010 

Year
Precipitation 

(mm)

Air 

temperaturea 

(oC)

Atmospheric 

pressurea 

(hPa)

Wind 

gradea 

(Beaufort 

scale)

Sea surface 

temperaturea 

(oC)

Salinitya 

(‰)

Dissolved 

oxygen 

(mg/L)

Phosphate 

phosphorousa 

(mg/L)

Nitrate 

nitrogena 

(mg/L)

Nitrate 

nitrogena 

(mg/L)

1990 1335.53 15.70 1016.56 2.76 16.71 34.15 5.21 0.11 0.07 0.63

1991 1344.76 15.79 1016.27 2.81 16.83 33.37 5.78 0.12 0.08 0.84

1992 1358.86 15.89 1015.90 2.90 16.91 33.31 5.81 0.14 0.08 1.00

1993 1381.3 15.77 1015.84 2.96 16.83 33.29 5.79 0.15 0.09 1.05

1994 1348.11 15.83 1015.65 3.02 16.80 33.26 5.77 0.17 0.10 1.16

1995 1286.71 15.94 1015.67 3.07 16.88 33.24 5.74 0.20 0.13 1.49

1996 1272.25 16.07 1015.76 3.11 16.95 33.26 5.72 0.24 0.16 1.82

1997 1255.44 16.28 1015.74 3.10 17.05 33.31 5.68 0.24 0.18 2.15

1998 1346.35 16.33 1016.07 3.15 17.13 33.25 5.65 0.23 0.21 2.29

1999 1367.07 16.20 1016.52 3.15 17.07 33.26 5.65 0.24 0.24 2.47

2000 1334.97 16.19 1016.85 3.18 17.01 33.27 5.66 0.25 0.28 2.49

2001 1294.94 16.32 1017.73 3.17 17.03 33.29 5.64 0.26 0.32 2.81

2002 1327.82 16.36 1018.65 3.15 16.93 33.27 5.61 0.27 0.35 3.19

2003 1370.88 16.56 1019.21 3.14 16.96 33.24 5.61 0.30 0.38 3.78

2004 1421.29 16.72 1019.84 3.12 17.12 33.18 5.63 0.31 0.37 3.86

2005 1437.77 16.71 1020.27 3.09 17.11 33.14 5.65 0.32 0.38 4.11

2006 1469.51 16.69 1020.35 3.07 17.09 33.11 5.65 0.32 0.42 4.74

2007 1475.84 16.64 1020.26 - 17.12 33.05 5.67 0.33 0.45 4.98

2008 1394.27 16.74 1020.11 - 17.10 33.07 5.69 0.34 0.47 5.17

2009 1342.99 16.94 1019.75 - 17.18 33.05 5.70 0.34 0.45 5.38

2010 1358.51 16.93 1019.58 - 17.17 33.00 5.70 0.34 0.43 5.58
a: significantly changed over time (p<0.001) 
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dissolved oxygen. 

The overall average annual air temperature

increased by 1.23oC over the 30 years (p<0.001),

and was in the range of 15.70~16.94oC. The

average annual air temperature reached over 16oC

in the middle of 1990s. The atmospheric pressure

ranged from 1012.06 to 1021.64 hPa, and

significantly increased (p<0.001). The wind grade

ranged from 2.76 to 31.8 Beaufort scale. It

showed increasing tendency (p<0.001), however,

it has not been observed any more in the survey

from the mid 2000s. The annual amount of

precipitation ranged from 1015.65 to 1,020.17

mm. Precipitation was the lowest in 1988 and the

highest in 2003. 

Table 1 also shows various oceanographic

factors during the past 30 years. The overall

average sea surface temperature (SST) ranged

16.71~17.18oC and increased by 0.36oC over 30

years (p<0.001). The SST fluctuation was

comparable to the air temperature fluctuation

tendency although there was time lag (Figure not

shown). Salinity values changed from 34.15 to

33.00 ‰ (p<0.001). Salinity was highest in 1981,

but it remained at around 33 ‰ thereafter.

Dissolved oxygen values were almost constant

and ranged from 5.21 to 5.70 mg/L. The nutrients,

phosphate phosphorus, nitrite nitrogen, and nitrate

nitrogen were in the range of 0.11~0.34 mg/L,

0.07~0.47 mg/L, and 0.63~5.58 mg/L, respectively.

The concentration of three nutrients showed a

tendency to increase overall (p<0.001). In

particular, since the mid-1990s the nitrite nitrogen

content considerably increased, and the nitrate

nitrogen rapidly increased in the 2000s. 

3.3. Effect of environmental factors on the squid

catches

The effect of environmental factors on the

variation of squid catches in Korea over the past

three decades was shown in the following table

(Table 2). The results revealed air temperature,

atmospheric pressure, and wind grade among the

meteorological factors, and sea surface temperature

and phosphorous and nitrogens among the

oceanographic factors had positive (+) correlation

with the squid catch. But the salinity had negative

correlation (-) (p<0.05). Based on the results of this

correlation analysis, we further conducted a

regression analysis to obtain more detailed

information on climate change and squid catches. 

Fig. 4 illustrates the results of our regression

analyses on the relationships of the environmental

factors and the catch size of squid. The overlaid

line in the figure indicates the long-term linear trend

fit by simple regression (Fig 4). Among the

meteorological factors, air pressure, air temperature,

and wind grade showed significant positive (+)

relation with the catch size of squid (p<0.001). No

significant relation between the precipitation and

squid catch. SST and the concentration of phosphate

phosphorous, nitrite nitrogen, and nitrate nitrogen

showed significant positive (+) relation, but salinity

had negative (-) correlation with catch size of squid

(p<0.05). The dissolved oxygen level showed

negative relation with no significant. 

Table 2. Results of correlation analysis between the

environmental factors and squid catch 

Factor
Correlation 

coefficients

Significance 

probability

Meteorological factors

Precipitation 0.3631 0.1057

Air temperature 0.8811 p<0.001

Atmospheric pressure 0.7781 p<0.001

Wind grade 0.8516 p<0.001

Oceanographic factors

Sea surface temperature 0.8089 p<0.001

Salinity -0.6252 0.0024

Dissolved oxygen -0.0313 0.8930

Phosphate phosphorous 0.9395 p<0.001

Nitrite nitrogen 0.9229 p<0.001

Nitrate nitrogen 0.8537 p<0.001
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Fig. 4. Results of regression analysis between the environmental factors and squid catch.
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IV. Discussion

The annual catch of Todarodes pacificus in Korea

has gradually increased since the late 1980s. The

annual catch of squid of Korea was less than

100,000 tons per year until the 1980s, but exceeded

100,000 tons in the early 1990s and has increased

to 150,000~220,000 tons annually since then. In

addition, as the catch of squid increases the location

as well as number of squid fishing grounds has

increased year by year. It is expected that the

conditions for catching squid will be more variable

in the future. Since resource management has been

conducted recently, it is considered that the main

cause of resource change is change of marine

environment.21) Also several researchers estimated

that the squid pathway and spawning ground will

change due to global warming.22,23) Furthermore,

since the mid-2000s, squid fisheries expanded from

the East Sea to the West Sea. It is not easy to

clarify these changes, but it can be partly interpreted

with the results of this study. In this study, we tried

to determine the long-term effect of climate change

on the catch size and squid range expansion in

Korea using 10-year moving average. Water

temperature is the most important factor in the

growth and life of fish. The results showed both air

temperature and sea surface temperature (SST)

significantly increased and showed almost paralleled

increase although a time lag between the air

temperature and SST. This result can be supported

and explained by the report of Suh et al.24) They

found that the sea surface temperature increases

occur several days after the air temperature

increases. The time-delayed phenomena were also

indicated by Jang et al.25) It was assumed that the

difference in water temperature rise by sea area is

due to the difference of the dominant heat supply

source as well as global warming. Several scientists

indicated that advection heat due to the East Korea

Warm Current in the surface layer and sub-surface

of the East Sea and the Tsushima Warm Current in

the South Sea serve as the main heat source.21,26,27) 

Among the oceanographic factors, salinity was

around 33‰ except 1981, and dissolved oxygen has

been more than 5 ppm. Both have been relatively

stable. While the average salinity of ocean water is

35 ppt, there are several factors such as rain, snow,

and melting ice that can increase or decrease its

salinity.28) The results of this study showed a little

lower salinity in the sea. We can suspect that the

increased precipitation may be responsible to the

lower salinity although the amount of precipitation

increased over time with no significant. In another

point of view, higher atmospheric pressure and wind

grade could affect salinity, however, we could not

find related report. 

The results of this study showed that the three

nutrients, phosphorous phosphate, nitrite nitrogen,

and nitrate nitrogen which are major cause of

eutrophication, steeply increased. The concentration

of each increased more than three folds, six folds,

and eight folds or more, respectively. Although the

fluctuation and absolute values are different for each

nutrient, the influence of environmental pollution

and nutrient transport can be strongly estimated

along with the increase of water temperature since

the concentration is increased from the mid 2000s

as a whole. This raises concerns about the safety

of fishery products. Many scientists are worried

about the climate change in South Korea, and it has

been pointed out that the burden of mortality

increases resulting from high temperature,29)

however, there are only a few scientific articles on

the climate change and food safety.30) 

Based on the results of this study, we would

carefully diagnose that squid range have expanded

from the East Sea to elsewhere, the West Sea due

to the changes in climate variability. We could

suggest that the population dynamics of the squid

species may be mainly environmentally driven and

reflect environmental change rather than fishery

pressure as suggested by some researchers.31,32)

This study has several limitations. In the official
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statistical data of Korea, squid catches are provided

with annual total catches, but not for each sea area.

Therefore, in this study, the relationship between

environmental factors and squid catches could not

be obtained for each sea area. Nevertheless, this

study implies that we could find correlations

between the main environmental factors and squid

catches in the Korean seas. Further studies should

be conducted on the comparison of the quality,

especially food safety of squid caught in each sea

area. This may be included in our next project. 
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