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Climate Change and Depletion of Walleye Pollock Resources in the East Sea
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ABSTRACT

Objectives: Considered the “national fish” in Korea, the walleye pollock (Gadus chalcogrammus) has
disappeared in the East Sea (Sea of Japan), a main habitat and fishing ground for the species. The reason for
the disappearance is still a matter of controversy. This study was performed to investigate the long-term
relationship between the walleye pollock catch and various meteorological and oceanographic factors in these
waters.

Methods: Fishery data on walleye pollock and data on meteorological and marine environmental factors over
the 30 years (1981-2010) were obtained from the official national database. Time series analysis and correlation
and regression analyses were performed to study the relationships.

Results: Both air temperature and sea surface temperature in the East Sea rose over these 30 years, and the latter
became more prominent. Salinity and dissolved oxygen showed a tendency to decrease while concentrations of
nutrients such as nitrite nitrogen and nitrate nitrogen showed an increasing tendency. Sea surface temperature,
air temperature, atmospheric pressure, and wind grade were negatively correlated with the catch size of walleye
pollock (p<0.05), but salinity was positively correlated (p<0.001).

Conclusion: The results of this study indicate that climate change, especially ocean warming, affected the habitat
of walleye pollock. The results also indicate that lower sea surface and air temperatures, milder wind grade, and
higher salinity were preferred for the survival of the fish species. It is necessary to pay attention to changes of
the ocean ecosystem in terms of environmental pollution as well as seawater temperature.

Keywords: climate change, walleye pollock, Gadus chalcogrammus, East Sea, Korea

1. Introduction

Walleye pollock (also called Alaska pollock and
spelled pollack), G chalcogrammus is a marine fish
species of the cod family Gadidae (Cods and
haddocks). The fish is widely distributed from the east
coast of Korea to Central California and adjacent to
the North Pacific.” Walleye pollock is one of the cold-
water fish species and is known to be distributed from

the surface layer of the ocean to a depth exceeding

1,200 m."” Freshly hatchlings are distributed in the
surface layer, but they change their distribution depth
as they grow.” The main spawning ground of walleye
pollock, which circulate the East Sea, is known as
Wonsan bay in North Korea.”

Walleye/Alaska pollock is the second most important
fish in the world in terms of catch.>® Further, walleye
pollock has been said to be “the largest remaining
source of palatable fish” in the world.”

Walleye pollock is one of the most preferred fish
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species in Korean cuisine. It is said that Koreans have
been enjoying walleye pollock since the Joseon
Dynasty (1392-1910).® Every part of the fish is used
as a Korean food. It is used as fish itself, and its eggs
and intestines are used as fermented food in Korea.
The salted and fermented roe of walleye pollock is
one of the traditionally consumed culinary ingredients.
The fish is used in various forms such as fresh,
frozen, dried, even frozen fillets or minced trim pieces
in Korea. The young/juvenile fish of walleye pollock
is enjoyed to eat as dried or nosed pollock (made by
degutting young/juvenile walleye polloks and half-
drying with their nose tied). The fish and fish products
are used as a popular and a good side dish for the
common people. They enjoy the high nutritional
quality with low cost. Thus the walleye pollock has
been called the “fish of the people” or “national fish”
enjoyed by all the generations in Korea.” A song
named ‘walleye pollock’ was even created, and have
been sung by baritone singers.

Walleye pollok was the most commonly caught fish
in Korea in 1940s, when more than 270,000 tons a
year were caught from the East Sea. However, it has
followed by continuous decreases through the 1990s,
and has ended with a complete collapse of the

101" The annual consumption

population in the 2000s.
of walleye pollock in South Korea is estimated at
about 260,000 tons in 2016. Nowadays, the
consumption of walleye pollock in South Korea rely
heavily on import from Russia, due to the almost
disappearance of the fish in the East Sea.'” The abrupt
decline of walleye pollock catches in the 1990s has
caused many questions. The indiscriminate overfishing
of young/juvenile walleye pollock in 1970s has been
indicated as the most prominent reason for this
decline."*'¥
(called nogari in Korea) during 1975-1997 was 954

thousand tons, accounting for 68.2% of the total catch

The catch of juvenile walleye pollock

of 1.39 million tons of walleye pollock.”
In addition, due to environmental changes called
climate regime shift, the Korean peninsula has warmed

rapidly and this warming has had a major impact on
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marine ecosystems.'”” The reasons for the decline in
walleye pollock resources sporadically suggested were
various hypotheses such as overfishing of marine
resources, degradation of adaptation ability of walleye
pollock due to global warming, destruction of
nurseries by coastal pollution, and reduction of
subscription due to structural changes of marine
ecosystem.'”

However, few studies on the climate change of
Korea and its effects on the catch of walleye pollock
have been reported. In this study, we investigated the
long-term effects of climate change on the catch of
walleye pollock in South Korea. This was studied by
finding the relationship between the main
meteorological and the oceanographic factors of East
Sea, and also annual catch size of walleye pollock

over the past three decades.

II. Methods

1. Data source

1.1. Fisheries data

We used annual catch data of walleye pollock of
offshore fisheries from the Fisheries Yearbooks,
Agricultural and Fisheries Statistics, and Korea
Statistics over the past 30 years (1981~2010).'*®)

1.2. Meteorological and oceanographic data

We collected the oceanographic data of offshore
waters of the East Sea such as sea surface (less than
10 m depth) temperature, salinity, dissolved oxygen
(DO), nutrients (nitrite/nitrate nitrogen and phosphorous)
from the observed data of the Serial Oceanography
Investigation (Jeongseon Marine Survey) by National
Fisheries Research and Development Institute
(NFRDI)."” We selected the factors that seem to
influence to the habitat of walleye pollock. The
nutrients such as nitrogen and phosphorous of sea
water, which are regarded as the cause of eutrophication
of sea were also selected. The data was extracted by
the institute six times a year from 1961 to the present,

observations for 25 points, 207 lines, and 14 standard

http://www.kseh.org/



Climate Change and Depletion of Walleye Pollock Resource in the East Sea 261

water layers. The data of wind grade, air temperature,
and atmospheric pressure of the East Sea were also
collected from the observed data of Jeongseon Marine
Survey. The precipitation data were obtained from the
annual average precipitation data of the Korea
Meteorological Administration (KMA).2”

2. Statistical analyses

Time series analysis was carried out to observe
fluctuations over time/year. Correlation analysis was
performed to investigate the relationship between the
selected meteorological factors and oceanographic
factors over the past 30 years. Regression analysis was
performed to figure out the effect of the oceanographic
and meteorological factors on the catch size of
walleye pollock. For the data analysis and statistical

processing, Excel and SPSS were used.

II1. Results

1. Variations of annual catch of walleye pollock

The catch of walleye pollock in South Korea, which
started to increase in the early 1970s, reached more
than 160,000 tons in 1981, marking the highest peak
of pollock fishing. In the coastal waters of the Korean
peninsula, the main habitat of walleye pollock is the
northern part of the East Sea, and the catch of walleye
pollock was about half of fish catch of North Korea.?"
Also in South Korea's East Sea fisheries, it had a
pivotal position until the mid-1980s. But it dropped
to less than 10,000 tons in the mid-1990s and it is
not even counted in recent years (Fig. 1). In fact,
nogari, the baby and juvenile walleye pollock, has
been caught zero since 1998, and adult walleye
pollock recorded zero catch in 2008. The price of
walleye pollock continued to skyrocket, reaching
3,840.2% in 2010 compared to 1980 (Fig. 2).

2. Yearly variations of meteorological and
oceanographic factors
The changes of the sea surface temperature and air

temperature of the East Sea over the past 30 years

http://www.kseh.org/
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Fig 1. Changes in the catches of walleye pollack in
offshore fisheries of Korea during the past three
decades (Source of data: Statistics Korea, Ministry
of Oceans and Fisheries).
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Fig. 2. The price of walleye pollock at every ten year in
South Korea (Source of data: Ministry of Oceans
and Fisheries).
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Fig. 3. Changes in the sea surface temperature and air
temperature of East Sea during the past three
decades.

have shown in Fig. 3. Over the past 30 years, the sea
surface temperature of the East Sea has ranged from
15.18 to 18.08 degrees Celsius (°C) (mean 1691+

] Environ Health Sci 2018; 44(3): 259-266
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Table 1. Results of correlation analysis between the meteorological and oceanographic factors

Sea surface .. Phosphate  Nitrite Nitrate Wind Atmgs- s
Factors Salinity DO . . pheric Precipitation
temperature phosphorus nitrogen nitrogen grade temperature
pressure

Sea surface 1 -469%* 0311 0052 0131 -0172 -0206 0.143  .646** -0.035
temperature
Salinity 1 0.135 -0.061 -0.246 0471 0.062 -0.247 -0.295 -0.107
DO 1 0.113 -0214  -548* 0223 -.084 -0.326 0.008
Phosphate 1 20301 0.126 -0.088 -0.038  -0.136 -0.052
phosphorus
Nitrite nitrogen 1 0.052 -0.001 0.044 0.006 -0.032
Nitrate nitrogen 1 -0.143  -0.010 0.013 0.108
Wind grade 1 -0.201 -0.274 0.194
Atmospheric 1 0308 0302
pressure
Air temperature 1 -0.061

Precipitation

1

#p<0.05, **p<0.01

0.13°C), while the air temperature has varied from
14.34 to 18.57°C (mean 16.13+0.18°C). In 1981, the
sea surface temperature of the East Sea was 15.18°C
and air temperature was 14.59°C, but it was 17.14°C
and 16.29°C in 2010, respectively. In 2010, the air
temperature increased by 1.70°C (p<0.001) and sea
surface temperature increased by 1.96°C, respectively,
compared to 1981.

During the period, the salinity of the surface water
in the East Sea tended to decrease gradually although
it was slight change (p=0.020). The concentration of
DO

although the annual variation was not large. The

showed a tendency to decrease (p=0.001),

concentration of nutrients,
(p=0.006) and nitrate nitrogen (p<0.001) increased.

phosphate  phosphorus

Nitrite nitrogen concentration also increased with no

significance. The atmospheric pressure increased
(p<0.001) but there was no significant change in the
wind grade and precipitation although precipitation

increased overall (figures not shown).

2. The relationships of meteorological and
oceanographic factors
The results of correlation analysis between the

meteorological factors and oceanographic factors are

J Environ Health Sci 2018; 44(3): 259-266

as shown in Table 1. There was positive correlation
between air temperature and sea surface temperature
(p<0.01). However, negative correlation between sea
surface temperature and salinity, and between the
concentrations of DO and nitrate nitrogen (p<0.05)
were observed. Precipitation tended to increase overall
and showed negative correlation with several oceanographic

factors, but not significant.

3. Effects of meteorological and oceanographic
factors on the catch of walleye pollock

The results of the regression analysis to examine the
relationships between meteorological factors and the
catch size of walleye pollock are shown in Fig. 4. Air
temperature, atmospheric pressure, and wind grade
were negatively correlated with walleye pollock catch
(p<0.001). The overlaid line in the figure indicates the
trend fit by The
standardized coefficients (beta) of the effect of sea

long-term  linear regression.
surface temperature and air temperature on the walleye
pollock were found to be 0.114 and 0.122, respectively,
in the regression line. As a result, it was shown that
the air temperature influenced the catch of pollock a
little more than the sea surface temperature.

Fig. 5 illustrates the results of our regression analyses

http://www.kseh.org/
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Fig. 4. Results of regression analysis between the catch of
walleye pollock and the meteorological factors of
East Sea.

on the relationships between the oceanographic factors
and the catch size of walleye pollock. All factors
except DO among oceanographic factors affected the
catch of walleye pollock. Sea surface temperature,
nitrite nitrogen and nitrate nitrogen showed negative
correlation with the catch of walleye pollock (p<0.01).
Salinity (p<0.001) and phosphate phosphorus (p=
0.002) showed positive correlation with walleye
pollock catch. In the addition, the beta of phosphate
phosphorus, nitrite nitrogen, and nitrate nitrogen on
the walleye pollock catches were 0.142, 0.147, and

0.062, respectively, from the regression line.

http://www.kseh.org/

IV. Discussions

According to the statistics of the Ministry of
Maritime Affairs and Fisheries, walleye pollck is the
number one fish consumed by Koreans from 2012 to
2016. It is one of the most consumed fish in South
Korea, although the walleye pollock has almost
disappeared in the East Sea. As a result, the
consumption of walleye pollock in South Korea now
depends on imports. Since 2014, the government has
been transferring the aquaculture technology to the
private sector through the “Restoring the Walleye
Pollock Project”.

Scientists has concerned about climate change in
Korean peninsula and point out that the burden of
mortality due to higher temperatures.””’ However, there
are few scientific papers on climate change and food
safety in Korea?® In this study, we investigated
whether or not walleye pollock disappeared in the East
Sea in relation to climate change. As in the global
trend, both air temperature and seawater temperature
tend to increase on the Korean peninsula. Ten years
ago, the Ministry of Maritime Affairs and Fisheries
announced that water temperature (sea surface
temperature) of the East Sea has risen by 1.3°C and
the 50 m layer in depth increased by 0.1°C over the
past 40 years (1968~2007).*% In this study, we have
found that sea surface temperature and air temperature
of the East Sea increased by 1.96 and 1.70°C,
respectively, from 1981 to 2010. Further, during the
same 30 years, the average rise of sea surface
temperature in South Korea's overall coastal area (East
Sea, South Sea, and West Sea) was 0.47°C and
average rise of air temperature was 1.24°C. This
strongly suggests that the sea surface temperature rise
around Korean peninsula is the fastest in the East Sea.

When the influence of air temperature and sea
surface temperature to the catch size of walleye pollck
was compared, the effect of air temperature was a
little greater than that of sea surface temperature. The
reason for this is supported by the report of several

previous researchers. Although rise in air temperature

] Environ Health Sci 2018; 44(3): 259-266
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Fig. 5. Results of regression analysis between the

and in sea water temperature occurred in parallel, the
rise in sea surface temperature occurs a few days after
the air temperature rise. Due to this time lapse
phenomenon, the effect of air temperature on seawater
temperature is larger than that of sea surface
temperature.”*” The Jungsun Marine Survey does not
include the data of precipitation. Although we used
the annual average precipitation data of KMA, it was
assumed that there would be a relationship between
precipitation and marine factors such as salinity,
dissolved oxygen, and nutrient concentration, but no
significant correlation was found. This is explained in

the report of Suh et al?® According to their report,
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precipitation affects ocean factors of the following
year rather than the factors of the year.

As a result, the annual catch of walleye pollock
decreased with the increases of air temperature,
concentration of nitrite and nitrate nitrogen, as well as
sea surface temperature. On the other hand, the catches
increased as salinity and phosphorous phosphate
increased. We have already seen that there was a
significant correlation between air temperature and sea
surface temperature, and between sea surface
temperature and salinity in the correlation analysis.
Therefore, the rise in air temperature caused rise in

sea surface temperature, which ultimately appeared to

http://www.kseh.org/
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have adversely affected the habitat and nursery of
cold-water fisheries such as walleye pollock. In
addition, as the salinity decreases with the change of
sea surface temperature and precipitation, it can be
suspected that it negatively affected the catch of
walleye pollock. Although the concentrations of the
nutrients which are eutrophication materials of sea
water and also used as water pollution index, have
proven significant correlations with the variability of
walleye pollock catches, it is difficult to explain the
rationale at this point. The reason for the difficulty is
that these factors have been measured since the mid-
1990s, when walleye pollock almost disappeared in the
East Sea. In other point of view, we need to pay
special attention to the fact that both the concentrations
of nitrite nitrogen and nitrate nitrogen have increased
in the East Sea. This indicates that the seawater has
been continuously contaminated.

The South Korean government has banned fishing
for walleye pollock less than 27 cm in size since
2012. Now the walleye pollock population in the
coastal waters of South Korea has been almost extinct,
although the fishing is controlled and fishing of
juvenile walleye pollock is prohibited by government.
Therefore, it can be carefully mentioned that one of
the reason of the disappearance of pollock in the East
Sea is the result of climate change and warming of
seawater.

From the results of this study, we can conclude that
the temperature rising of the East Sea is accelerating
as the years go by. This continuous rise in water
temperature may affect marine life. We should be also
aware that the East Sea, which was the cleanest of
the three sides of Korean Sea, will be becoming more
and more polluted. Therefore, in the future, the marine
environment of East Sea will be expected to change
continuously with global warming, and attention should
be paid not only to changes in ocean temperature but
also to changes in marine ecosystems according to
environmental pollution. These ultimately suggests that
there is a possibility of impacts on humans also, and

should not be overlooked.

http://www.kseh.org/

It has been reported by several previous studies that
walleye pollock is a fish species with a habit of
ontogenetic vertical migration and that early life stage
of walleye pollock is sensitive to changes in the
habitat.”®3? In this study, there is a limitation that the
temperatures at all water layers of the sea have not
been considered. We explored the disappearance of
walleye pollock in relation only with the sea surface
temperature in the East Sea. Nevertheless, we could
find significant influence of climate factors. The
impact of climate change will be more apparent if
further studies are carried out to identify the impacts

of marine factors on separate water layers.

References

1. Walleye Pollock Research. Alaska Fisheries Sci-
ence Center NOAA. 2013. [accessed July 24, 2016].

2. Fish Base. Gadus chalcogrammus (Pallas, 1814)
Alaska Pollock: [http://www.fishbase.org/summary/
Theragra-chalcogramma.html]. [assessed April 24,
2016].

3. Kendall AW Jr, Kim S. Buoyancy of walleye pol-
lock (Theragra chalcogramma) eggs in relation to
water properties and movement in Shelikof Strait,
Gulf of Alaska. Canadian Journal of Fisheries and
Aquatic Sciences Spec Pub. 1989; 108: 169-180.

4. Kang SK, Park JH, Kim S. Size-class estimation of
the number of walleye pollock Theragra chalco-
gramma caught in the Southwestern East Sea
during the 1970s-1990s. Korean Journal of Fisher-
ies and Aquatic Sciences. 2013; 46(4): 445-453.

5. FAO (Food and Agriculture Organization of the
United Nations). 2007 FAO Yearbook, Fishery sta-
tistics: Capture production, 2005. FAO Fisheries
Series No. 75, FAO Statistics Series No. 194, FAO:
Rome, p. 539.

6. FAO, Species Fact Sheet. Theragra chalcogramma
(Pallas, 1811). http://www.fao.org/fishery/species/
3017/en. [accessed July: 24, 2016]

7. Clover, C. The End of the Line: How Overfishing Is
Changing the World and What We Eat. Science
News. 23 December 2006. [accessed July: 24, 2016]

8. Park, GB. [Myeongtae]. Encyclopedia of Korean
Culture (in Korean). Academy of Korean Studies.
http://encykorea.aks.ac.kr/Search/List. [accessed July
24, 2016]

9. Park HI. (6 January 2017 [Dongtae, bugeo, and

] Environ Health Sci 2018; 44(3): 259-266



266

Jong-Cyu Kim and Joong-Soon Kim

10.

11.

13.

14.

16.

17.

18.

19.

20.

21.

nogari; as hwangtae and kodari in winter.. the
“national fish” is in season]. Bridgenews (in
Korean). [accessed July 24, 2016]

Korea Overseas Fisheries Association. Statistical
Yearbook of Oversea Fisheries. 2008 p. 176.

Lee JU. Estimation on optimum fishing effort of
walleye pollock fishery in the east coast of Korea:
Based on the economic analysis between Danish
seine fishery and trawl fishery for walleye pollock.
Susan-gyungyoung-nongib 1991; 22: 75-99.

. Eugene G “South Korea Facing Pollock Shortage,

Aims to Rebuild Imports and Trade Ties to Rus-
sia”. SeafoodNews (21 November 2016). [accessed
July 24, 2016]

Greenpeace International. Overfishing. greenpeace.
org. https://www.greenpeace.org/archive-international/
en/campaigns/oceans/fit-for-the-future/overfishing/.
[accessed July 24, 2016]

Kim YM. Stock assessment of small size fishes of
Alasca pollack, Theragra chalcogramma (PAL-
LAS), in the Eastern Sea of Korea. Bulletin of Fish-
eries Research and Development Agency 1978;19:
53-61.

. Kim S, Zhang CI, Kim JY, Oh JH, Kang S, Lee JB.

Climate variability and its effects on major fisher-
ies in Korea. Ocean Science Journal 2007: 42: 179-
192

Ministry of Oceans and Fisheries. Statistical Year-
book of Maritime Affairs & Fisheries. 2013.
Ministry of Agriculture, Food and Rural Affairs.
Agricultural and Fisheries Statistics. 2017.
Statistics Korea. The catches of walleye pollock at
every year: 1981-2010.

National Fisheries Research and Development Insti-
tute (NFRDI). Jeongseon Marine Survey data.
1981-2010.

Korea Meteorological Administration (KMA). Cli-
mate Perspectives on the Korean Peninsula. Seoul;
KMA. 2012. p. 66.

Yang J, Ha J. Estimation of future death burden of
high temperatures from climate change. Journal of
Environmental Health Sciences. 2013; 39(1): 19-31

J Environ Health Sci 2018; 44(3): 259-266

22.

23.

24.

25.

26.

217.

28.

29.

30.

Kim JG, Kim JS. Impact of climate change on food
safety: a mini-review. Journal of Environmental
Health Science. 2016; 42(6): 465-477.

Park JN. Global Warming Impact: Changes in
Water Temperature of the East Sea. Nocutnews
(2008-11-05). [accessed July 24, 2016]

National Institute of Fisheries Science. East Sea
water temperature for 40 years, surface layer is ris-
ing, lower layer is descending. http:/www.nifs.
go.kr/bbs?id=insmaterial&flag=pre&boardldx=
18781&gubun=B. [accessed July 24, 2016]

Suh YS, Hwang JD, Ahn JS. Properties of sea sur-
face temperature variations derived from NOAA
satellite in Northeastern Asian Waters from 1990 to
2008. Korean Journal of Nature Conservation 2012;
6(2): 130-136.

Jang LH, Kang YQ, Suh YS. Temperature varia-
tions depend on time scale at coastal stations in
Korea. Journal of the Environmental Sciences 2000;
9(4): 303-309.

Kim JG, Kim JS. Climate change and expansion of
squid catches in Korea. Journal of the Environmen-
tal Sciences. 2017; 43(6): 516-524.

Yamamura O, Honda S, Shida O, Hamatsu T. Diets
of walleye pollock Theragra chalcogramma in the
Doto area, northern Japan: ontogenetic and sea-
sonal variations. Marine Ecology Progress Series
2002;238:187-198.  http://dx.doi.org/10.3354/meps
238187.

Smart T, Siddon E, Duffy-Anderson J. Vertical dis-
tributions of the early life stages of walleye pollock
(Theragra chalcogramma) in the Southeastern Ber-
ing Sea. Deep Sea Research Part 11: Topical Studies
in Oceanography. 2013.;94:201-210. http://dx.doi.
org/10.1016/j. dsr2.2013.03.030.

Parker-Stetter SL, Horne JK, Urmy SS, Heintz RA,
Eisner LB, Farley EV. Vertical distribution of age-0
walleye pollock during late summer: environment
or ontogeny?. Marine and Coastal Fisheries
2015.7:349-369. http://dx.doi.org/10.1080/1942
5120.2015.1057307.

http://www.kseh.org/



