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Abstract: We investigated the changes of main climate factors and their relationships with the catches
of offshore fisheries of the Republic of Korea over the past 30 years (1981 to 2010), using a trend
analysis and Pearson’s correlation analysis. This study focused on seven fish species that have been
preferred in Korean cuisine for centuries. Not only the air temperature, but also the sea surface
temperature (SST) on the coast of Korea has risen (p < 0.05) in the period. The rise in SST over 30 years
is significantly correlated with the rise in temperature (p < 0.01), but not with precipitation. Over
the past 30 years, catches of anchovies and squid have increased significantly, while Alaska/walleye
pollock has become almost extinct (p < 0.01). The analysis of this study indicates that cold water
fish species have decreased or disappeared in Korean fisheries and have been replaced by warm
water fish species. Our findings suggest that the fish species caught in Korean offshore fisheries have
changed due to climate change, especially global warming. These results also suggest that there
may be a threat to the food security of Koreans, so it is necessary to take measures to protect this
food resource.
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1. Introduction

Concerns about the global food crisis are spreading as uncertainties in food production
increase due to the extreme weather events of this century. According to the report of
the United Nations [1], “climate change is already impacting the food security”, which is
placed atop the several purposes of the report. The report includes fisheries in its items
to raise awareness. In the fisheries industry, the factors of supply and demand instability
have increased due to the decrease of fishery resources. The causes of instability are known
to be climate change, increased volatility of marine resources, overfishing, and increase
in consumption of fishery products in countries. Global cooperation is now desperately
needed to protect food resources, even in the fisheries field.

According to the Report of the Intergovernmental Panel on Climate Change (IPCC),
climate change affects the marine environment by causing an increase in sea water tempera-
ture, sea level rise, and ocean acidification [2]. It is expected to have a significant impact on
the marine ecosystem and fisheries resources. The IPCC also studied the impact of climate
change on food security and food production systems [3].

Korea (the South) is a peninsular country, so the fisheries industry is well developed
and fishery products have been produced in abundance. It has been predicted that sea
temperature and sea level of Korean peninsula rise due to global warming, Korean fishery
will become very vulnerable [4]. Although Korea does not have a very high dependency on
fishery products as food materials, the consumption of fishery products has been greatly
increasing in the 2000s. This may be due to the increase in health concerns regarding
well-being and quality of life, and an increase in income. In 2010, the consumption of
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onfishery products amounted to 51.3 kg per person per year, which displays a remarkable
increase from 33.2 kg in 1981 [5,6].

Climate change may accelerate the reduction of most fishery resources in the coastal
area of Korea, and it will change the production of major fish species. This could cause a
reduction in the number of fishermen and weaken the supply of marine products. In fact,
the imports of fishery products are increasing in South Korea in recent years [7,8].

The effects of climate change on the Korean peninsula are emerging clearly not only
in supply/consumption of agricultural products but also in fishery products. For exam-
ple, the range of habitat of zooplankton is increasing in the coasts around the Korean
peninsula [9-11], and cold-water fish species are gradually disappearing in their main
fishing ground [12,13]. In addition, large jellyfishes are increasing in the east coast and the
south coast, that were not previously there [14,15]. These phenomena indicate that there
are changes in fishery resources and ecosystems along the coast of Korean peninsula, which
will directly affect the supply of fishery products. However, quantitative research has not
been much yet carried out that examine the relationship between fishery production and
marine data according to climate change.

Therefore, this study investigates the impact of changes in major climate factors on
the trends in fishery production in the Republic of Korea over the past 30 years. The
objectives of this study are to: investigate the long-term change of air temperature and
water temperature of Korean coastal sea and the relationship between them, investigate
the changes of catches in offshore fisheries of major fish species which have been popular
with Koreans, and analyze the relationships between catches of major fish species and air
temperature and water temperature.

2. Materials and Methods
2.1. Study Area and Subject

Korean peninsula is located at 37° N, 127° 30" E. Republic of Korea (sometimes called
South Korea) is on the southern half of the Korean Peninsula which is surrounded by three
sides of sea: to the east is the East Sea (known in Japan as Sea of Japan), to the south is the
South Sea (Korean Strait, KS), and to the west is the West Sea (Yellow Sea). We investigated
the climate-related phenomena of seas surrounding South Korean territory (Figure 1). The
fishery production was investigated for seven major fish species preferred by Koreans
among the aquatic products caught in this area.

2.2. Data Source

We first obtained data from Statistics Korea (SK) that originated from the Ministry
of Agriculture, Food and Rural Affairs (MAFRA) of Korea [16,17]. For fishery produc-
tion of offshore fisheries, we collected annual fishing data from the past 30 years from
Fisheries Yearbooks, Fisheries Trends and Fisheries Policy, 2012; Agricultural and Fish-
eries Statistics [18-20]. Among the fishery products of the data, we explored the changes
in production for fish species preferred in Korean cuisine such as largehead hairtail,
Alaska/walleye pollock, yellow croaker, chub mackerel, Pacific saury, anchovy, and squid.

In order to investigate the climate changes, we collected data of air temperature and the
temperature of offshore waters of Korea from the observed data of the Serial Oceanography
Investigation by the National Institute of Fisheries Science of Korea [18]. We obtained
precipitation data for the same period from the Korea Meteorological Administration
(KMA) [19].

Then we extracted the oceanographic data created by Korea Oceanographic Data
Center (KODC), an organization under the National Fisheries Research & Development
Institute (NFRDI). The observations of the oceanographic data were recorded six times
a year from 1961 to the present, and include 25 points, 207 lines, and 14 standard water
layers. The observed points are shown in Figure 1. The data is divided into East Sea, South
Sea, West Sea, and East China Sea.
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Figure 1. Location of the serial oceanographic observation stations. Source of data: NIFS of
Korea; KODC.

For the purpose of this study, we also used data on average annual seawater tempera-
ture and ambient air temperature (dry bulb temperature) in the East Sea, South Sea, and
West Sea. Seawater temperature was observed by extracting sea surface temperature data
of less than 10 m depth. Temperature units are expressed in degrees Celsius (°C).

2.3. Statistical Analyses

We quantified long-term trends (1981~2010) in sea surface temperature, air tempera-
ture, and precipitation, using a trend analysis. We performed Pearson’s correlation analysis
to find relationships between climate factors and major fish production (catch size).

For data analysis and statistical processing, we used Excel (Microsoft Corporation, Red-
mond, WA, USA) and SPSS for Windows 22.0 (IBM Corporation, Armonk, NY, USA) [20].
There was no incomplete data in our sources for the years, and we did not need a data
cleaning processing with SPSS. The statistical significance level was set to p < 0.05.

3. Results
3.1. Changes in Sea Surface Temperature, Air Temperature, and Precipitation

According to the data observed over the past 30 years, the average sea surface temper-
ature (SST) of the coast of Korea (SST) has risen by 0.98 °C and 1.10 °C in 2010 compared
to 1981 (p < 0.05) (Figure 2). In addition, the variation of SST was similar to that of air
temperature. There was a fluctuation in the annual average precipitation over the past
30 years. Precipitation was the smallest at 895 mm in 1988 and the largest at 1861 mm in
2003, however, we could not find any significant trend.
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Figure 2. Changes in the average annual air temperature (A), precipitation (B), and sea surface
temperature (C) of the Republic of Korea during the past 30 years. Source of data: NIFS of Korea;
KODC, and KMA.

Figure 3 shows the relationship between SST and air temperature and/or precipita-
tion on the Korean coast from the data observed over the past 30 years. The higher the
temperature, the higher the SST. Furthermore, there is a significant correlation between sea
surface temperature (SST) and air temperature (AT) (p < 0.01). There is a tendency that SST
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slightly decreased as the amount of precipitation increased. However, these two factors do
not show any significant relationship.
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Figure 3. The relationship between the sea surface temperature (SST) and air

temperature (A)/precipitation (B).

3.2. Variation of Fishery Catches

Over the past 30 years, Korea's fishery catches have varied year to year. They gradually
increased from 1.52 million tons in 1981 to 1.73 million tons in 1986. This was followed
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by a decrease then an increase in production. In 2010, 1.13 million tons were harvested, a
decrease of 25.8% from 1981.

Fish species mainly caught in the offshore fisheries have also changed. In 1981, fish
species with the largest catch in the offshore fisheries were of: anchovy, Alaska/walleye
pollock, largehead hairtail, and chub mackerel. Their catches in the year were 184,351 t,
165,837 t, 147,677 t, and 108,082 t, respectively. The catch of the other three fish species
(squid, small yellow croaker, and Pacific saury) was less than 50,000 t each in the year.

However, in 2000, the catches of three kinds of species, squid, anchovy, and chub mack-
erel have accounted for more than 50% [8]. In 2010 the catches in descending order were
of: anchovy, squid, and chub mackerel. The catch of anchovy was more than 200,000 tons
(249,636 t), squid more than 150,000 tons (159,130 t), and mackerel almost 100,000 tons
(99,534 t) (Figure 4).

The catch of Pacific saury decreased from 10,844 t in 1981 to 5302 t in 1990, then
temporarily increased to 19,883 t in 2000, but decreased again to 2564 t in 2010. From this,
there was no significant variations during the study period. In the case of small yellow
croaker, the catch was about 30,000 tons (34,477 t) in 1981, and it increased or decreased
year by year, and it was restored to more than 30,000 tons again in 2010. Mackerel has been
the only fish species still caught much in the last 30 years.

3.3. Relationship between Fishery Production and Climate Factors

Table 1 shows the results of Pearson’s correlation analysis of the relationships between
catch sizes of major fish species and climate factors (Table 1). The catches of largehead
hairtail and pollock show a significant negative correlation with air/sea surface temperature
(p < 0.01), but anchovy, squid (p < 0.01), and chub mackerel (p < 0.05) show a positive
correlation SST (p < 0.01). The catch of the small yellow croaker shows a significant negative
correlation with precipitation (p < 0.01).
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Figure 4. Changes in the catches of major fish species in the offshore fisheries of Korea from 1981~2010.

Table 1. Results of Pearson’s correlation analysis between the air/sea surface temperature and catch
size of fish species in the Republic of Korea.

Large Small - Sea .
Factors Head Mg?lzlel;el Anchovy ‘I/’voallllaeg,lf Yellow Squid I;Zi:ﬁc Pptn. Surface T:nl:

Hairtail Croaker Ty Temp. P
ﬁgfﬁiﬁea‘i 1 —0.6731**  —0.9544 % 09728 *** 0.1787 —0.9741**  —0.6044 ** —04175 —0.8597 **  —0.9226 ***
ig‘:ﬁerel —0.6731 ** 1 0.6267 ** —0.7364 *** 0.1958 0.7939 *** 0.7778 *** —0.0537 0.5309 * 0.4952 *
Anchovy —0.9544 %% (.6267 ** 1 —0.6771 % —0.1222 0.9033 * 0.4534 * 0.4872 * 0.7770 **+* 0.9298 ***
I‘;\(’Jﬁi{e 0.9728**  —0.7364**  —0.6771* 1 —0.3421 —0.8442 * —0.1653 —0.2742 —0.8509 **  —0.8604 ***
Small
yellow 0.1787 0.1958 —0.1222 —0.3421 1 0.1311 —0.3952*  —0.7501 *** —0.0684 —0.3582
croaker
Squid —0.9741 %% 0.7939 *** 0.9033 * 0.8442 * 0.1311 1 0.4331 * 0.3631 0.8089 *** 0.8811 ***
ls’:jf;“ —0.6044 ** 0.7778 *** 0.4534 * ~0.1653 —0.3952 * 0.4331 * 1 0.3511 0.3880 0.5119 *
Pptri. —0.4175 —0.0537 0.2872 —0.2742 —0.7501 *** 0.3631 0.3511 1 0.3486 0.4522 *
fj;;“rface —0.8507 *** 0.5309 * 07770 **  —0.8509 *** —0.0684 0.8089 *** 0.3880 0.3486 1 0.8946 ***
2‘;}) —0.9226 *** 0.4952 * 09298 **  —0.8604 *** —0.3582 0.8811 *** 0.1699 0.4522 * 0.8946 *** 1

Notes: *: p <0.05, **: p < 0.01, ***: p < 0.001.

4. Discussion

Over the past 30 years (1981~2010), air temperature and SST of offshore waters of the
Korean coastal area have both increased in terms of annual average values. From the results
of this study, we found that the SST of Korean seas has a significant positive correlation
with air temperature, which indicates that climate change, especially warming, affects both
land and oceans. Our findings are supported by a report that there was a relationship
between monthly air temperature and sea surface temperature at nine points in the East,
South, and West Seas of Korea [21].

This study showed that the SST of Korean seas increased by almost 1 °C over the
past 30 years. This is about twice the increase in the global average for the past 40 years
for SST. Furthermore, the SST of Korean seas has continued to rise every decade over the
past 30 years. Another study reported that the SST in Korean sea increased linearly by
approximately 1.0 °C from 1968 to 2005 [22]. Our findings of this study along with that
report [22] suggest that the local warming trend may be the highest in the Pacific region.

As a result of examining the relationship between catches of major fish species and
climate factors, catches of largehead hairtail and pollock showed significant negative
correlations with air temperature/SST (p < 0.01), and catches of anchovy, squid, and chub
mackerel showed positive correlations (p < 0.05). In other words, warm-water fish species,
such as anchovy and squid, increased and cold-water fish species, such as pollock and
Pacific saury, decreased in the offshore fisheries of Korea. This correlation analysis suggests
that the catches of cold-water fish species decrease as the seawater temperature rises, and
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warm-water fish take their place. Meanwhile, the catch of largehead hairtail, a warm-
water fish species, also decreased, so there may have been other influences besides the
climatic factor.

In fact, the catches of several fish species in the offshore fisheries have been drastically
reduced in the East Sea compared with about 30 years ago. Catches of a typical cold-water
fish, Alaska/walleye pollock (myeong-tae in Korean) sharply decreased due to rising
coastal water temperature, as well as irresponsible over-fishing of young/juvenile fish in
the 1980s. The annual catch of the fish, which is the most popular fish in Korean cuisine,
was more than 160,000 tons in 1980, but dropped to less than 10,000 tons in 1990, and
again dropped to less than 1000 tons in 2000. In addition, the annual catch of pollock in
2004 was less than 100 tons, but it is not even counted (it was shown as zero) in statistics
in 2008 [22,23]. Recently, pollock is reported to have almost disappeared in coastal sea
of Korea since it was only about one ton in a year [6,24]. The distribution of young fish
tends to shift northward with the rising sea surface temperatures. For the reason why
water temperature has risen in the East Sea, it has been said that the Kuroshio warm-water
current is strong in the East Sea in summer time, but the cold-water is not generated [4].
Several scientists explain the rapid rise in temperature in the East Sea as an example of
climate change in the North Pacific [25], but it is still not very clear.

On the other hand, squid, a warm-water fish, fills the fishing grounds where pollock
has disappeared. In 2010, the catch of squid was more than 160,000 tons, which has
increased more than four times over the past 30 years. In the case of squid, there were
higher catches in the East Sea, the main spawning and fishing ground, and also caught in
the West Sea due to changes in the pathway and habitat according to the rise of sea water
temperature [10,26]. Anchovy, also a warm-water species, is continuously increasing in
catches [23]. There were relationships between the growth rate of fish during early life
stages and sea temperature, and the shifts between the warm anchovy regime and the cool
sardine regime in the western North Pacific was reported [27,28]. Due to the rise in water
temperature, the catch of chub mackerel, which is a typical warm-water fish species living
in the temperature range of 15 to 19 °C, has increased remarkably from the mid-1990s, and
there was a big catch of mackerel in the 2000s. The fishing grounds of chub mackerel have
also been extended to the coastal area of the East Sea and West Sea. Meanwhile, there is a
report that catches of the fish are decreasing again as the proportion of small fish (less than
350 g) has recently increased [6,29].

Until 1991, largehead hairtail was widely distributed and caught in the west and
south coastal waters. However, it turns out in this study that catch size of the fish was
considerably reduced compared to 30 years ago. As an explanation for this, it was reported
that the reduction of fishing grounds in the western coastal waters caused this fish group
to migrate southward to the southern coast and Jeju-do coast, and that the catches were
decreasing as the amount of resources decreased [23,29].

The catch of the small yellow croaker was negatively correlated with precipitation.
When the precipitation increases, the salinity of seawater seems to decrease. In the survival
test of juvenile of small yellow croaker according to the salinity, the survival rate by salinity
was higher as the salinity was lower. In another study, juvenile of large yellow croaker
showed the possibility of cultivation at low salinity [30,31]. These reports suggest that
young yellow croaker is tolerant to low salinity, and support our finding.

In addition to climate (water temperature) changes, catch size can vary due to complex
factors such as fishing vessels and/or fishing gear, overfishing, and illegal fishing of
neighboring countries. However, as pointed out in this section, climatic factors, especially
temperature rise, have a large effect on some fish species. We can predict that if the water
temperature rises as the current trend is continued, cold-water fish species will gradually
decrease in the coastal waters of Korea and the proportion of warm-water and subtropical
fish species will increase [29]. The warmer sea has changed the most caught fish in Korea;
it is no longer Alaska/walleye pollock [24].
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Recently the FAO warned that global warming is gradually exhausting fish stocks, but
the consumption of aquatic products is soaring, leading to a rise in fishery product prices,
or fishflation (fisheries plus inflation) [1,32]. Although the government of the Republic
of Korea is trying to guide and encourage the aquaculture industry [33,34], they should
respond more aggressively so as not to lose more fishery resources. We expect that the
results of this study would provide important information to cope with fishflation that
South Korea may be encountering in the near future. Further, the safety of the fishery
products and its relation to fish migration should be monitored more frequently. There
are many concerns about the food issue caused by warming of the Korean Peninsula, but
there are not enough scientific data on safety of fishery product. We think that food security
should be explored together with food safety. Further studies on the effect of warming
and contamination of sea water and safety of fishery products should be done more and
in detail.

5. Conclusions

Over the past 30 years (1981~2010), both the annual average values of air temperature
and SST of the Korean coastal area have increased. The SST has a significant positive
correlation with air temperature, which indicates that warming affects both land and
oceans. The increased SST also appeared to affect the catches of fish species preferred in
Korean cuisine. The catches of cold-water species, such as Alaska/walleye pollock, were
negatively correlated with SST, indicating that climate change, especially ocean warming,
could affect the price inflation of fisheries and aquatic products. These results suggest that
warming will apparently be a threat to the fisheries and fish supply sustainability in Korea.
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