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Effects of Meteorological and Oceanographic Properties on Variability
of Laver Production at Nakdong River Estuary, South Coast of Korea

Jung-no Kwon, JeongHee Shim", Sang Yong Lee' and Jin Dae Cho?

Marine Environment Research Division, National Fisheries Research & Development Institute, Busan 619-705, Korea
! Seaweed Research Center, National Fisheries Research & Development Institute, Mokpo 530-420, Korea
2 Busan Regional Meteorological Administration, Busan 607-804, Korea

To understand the effects of marine environmental and meteorological parameters on laver Porphyra yezoensis production at Na-
kdong River Estuary, we analyzed marine environmental (water temperature, salinity, nutrients, etc.) and meteorological properties
(air temperature, wind speed, precipitation, sunshine hours) with yearly and monthly variations in laver production over 10 years
(2003-2013). Air and water temperature, wind speed, sunshine hours and precipitation were major factors affecting yearly vari-
ability in laver production at the Nakdong River Estuary. Lower air and water temperatures together with higher levels of nutrients
and sunshine and stronger wind speeds resulted in higher laver harvests. Salinity and nitrogen did not show clear correlations with
laver production, mainly due to the plentiful supply of nitrogen from river discharge and the low frequency of environmental mea-
surements, which resulted in low statistical confidence. However, environmental factors affecting monthly laver production were
related to the life cycle (culturing stage) of Porphyra yezoensis and were somewhat different from factors affecting annual laver
production. In November, a young laver needs lower water temperatures for rapid growth, while a mature laver needs much stron-
ger winds and more sunshine, as well as lower temperatures for massive production and effective photosynthesis, mostly in De-
cember and January. However, in spring (March), more stable environments with fewer fluctuations in air temperature are needed
to sustain the production of newly deployed culture-nets (2™ time culture). These results indicate that rapid changes in weather and
marine environments caused by global climate change will negatively affect laver production and, thus, to sustain the yield of and
predict future variability in laver production at the Nakdong River estuary, environmental variation around laver culturing farms
needs to be monitored with high resolution in space and time.

Key words : Laver, Porphyra yezoensis, Mass production, Aquacultural environment, Nakdong River Estuary
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Table 1. Comparison of ranges and averages of environmental parameters measured at/near laver Porphyra yezoensis mariculture ground

in Nakdong Estuary, Busan

Annual base Season for laver production
Parameter (Unit) o gthlfnagt (1972)' St. 2 at MEIS? Choe & Chung(1972)° This study
range average range average range average range average

Temperature (°C) 5.7~27.5 18.2 11.44~26.5 17.35 8.1~21.9 13.2

Salinity 11.26~31.22  21.34  15.07~34.2 32.38 21.22~33.89 29.88

pH 7.7~84 8.0 7.78~8.4 8.13 7.46~8.17 7.93
DO (mgL™) 7.57~10.27 8.67 6.12~12.7 8.80 7.33~10.43 9.01

NH,-N (umol L) 0.33~2.73 0.78 ~7.47 1.15 0.24~12.54 1.59 0.83~6.96 2.70
NO,-N (umol L™ 0.19~2.09 0.88 ~2.57 0.43 0.21~1.47 0.57 0.04~3.22 0.86
NOyN (umol L") 5.93~56.79 2317  0.07~19.86 5.00 8.70~34.17 17.13 4.52~71.17 27.20
PO,-P (umol L™ 0.20~1.73 0.88 0.03~0.97 0.38 0.27~1.45 0.63 0.07~1.37 0.53
SiO,-Si (umol L") 18.33~131.03 7116  0.32~47.92 9.17 18.33~123.56  56.34 6.67~38.71 16.64

'Values are based on the result of 11 monthly cruises from Feb. to Dec., 1970.
*Values are based on the results of every 4 months(Feb., May, Aug., Nov.) from 2004 to 2011 (http://www.meis.go.kr).

3Values are based on the results of Feb., Mar., and Nov., 1970.
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Table 2. Yearly and culturing seasonal variations of laver Porphyra
yezoensis production in mass and value at Nakdong River Estuary,
Busan from 2004 to 2013

Mass production Value production

Year (MIT) (million won)
Jan.~Dec. Octl.a~sl\t/|ay Jan.~Dec. last Oct.~May

2004 11,131 12,242 8,616 9,393
2005 15,597 13,459 14,346 12,120
2006 11,958 14,825 10,609 12,882
2007 10,624 8,892 10,595 9,342
2008 20,438 20,158 15,914 17,232
2009 16,804 15,935 12,230 10,900
2010 20,916 17,094 19,221 15,910
2011 21,542 26,816 19,180 22,603
2012 17,488 17,531 18,240 18,149
2013 - 14,845 - 13,574
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Fig. 5. Relationships between laver Porphyra yezoensis mass-production (sum of Oct.~ Apr.) and water temperature (a), salinity (b), dis-

solved inorganic nitrogen (c), chlorophyll-a (d), air temperature (e), wind speed (f), sunshine hours (g), and precipitation (h) at Nakdong

River Estuary from 2004 to 2013 laver culturing season. Dotted circle point is excluded in calculation of correlation.
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Table 3. Correlations of monthly laver Porphyra yezoensis pro-
duction and meteorological parameters at Nakdong River Estuary,
Busan from 2013 to 2014

Nov. Dec. Jan. Feb. Mar.

Airtemp. -0.405 -0.096 -.686(*) -0.218 -0.161
'\fax ar - 0224 0083 -709(*) -0.231 -0.059
emp.
'\t’"” ar 0491 -0149 -655(*) -0.134 -0.215
emp.
S‘;]”Sh'”e 0288 0002 0547 -0109 0.36
ours
Wind .
spood 0031 0703() 0564 0018 0082
Rain  -0135 0079 -0.249 -0252 0.025
STDofal 51 0405 0265 0446 -753(")
emp.
(*) Correlation is significant at the 0.05 level (2-tailed)
QzAgko] o] UrpA] Bast Bk T HAoR
ot 4= 91 Aloleh. whebd L AzAgke] Bl 245 7
of AapalAto] Fakstel ) Alikao] F7ke A 0.® AZbsich
AA dxAIZE] H 4 7)) Y] Al YARF 0.12 kW/
m? -2 9F 550 umol m? s Aol S-St E 2, YutA 0 7 s
0] el Bag ke FEA7) % Bepoltt
ShH 7] AAFTE ASd o B 7desgol o) s yEr
W AL, Jang (2002)7} Yoo (2003)7}F Z<7F e 512 7)o
ol B SEa1 S5 AR L w7} go] & s 2

SRR SRtrhal et An AgtEch Ak oo 11HofA 2
A7pA] 9] Y ZFeske] 109 Hak-2 18-60 mmo] HI9]& Jang
(2002)2% Yoo (2003)7} 18 B2 H| B= 3= A A=
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A ghetslr] flste] U WAk 7|E o2 Add(Pearson
correlation)& AHE = QFTH(Table 3).
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