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ABSTRACT
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AP A RE o] 8ot on, 8318 A|7]=2015~2017E =l 2 =2 A7) 78-S ot v ATtolH, I7Fal S
AZRRAL S ALY ZAPZL HREE A Ao A F 38]71 asl= Al 1 2020 o] Fof] AT AC] e 4 v 5
9 e Bete] gt 2| A B ool

The marine ecosystem survey investigates and analyzes multi-parameters at various times from various sites. Therefore, it is very
difficult to analyze the complex ecological data of multi-items effectively, and it is more difficult to identify the current status and
diagnose the problems of ecosystem through data analysis. Therefore, this paper aims to provide an example of interpretation of
complex ecological data through analysis of distribution characteristics and outliers of ecological survey data. The main contents of the
study are to elucidate the background levels of coastal ecosystem parameters considering the distribution characteristics of data, and to
establish ecosystem monitoring indicators and an adaptive management system for the coastal waters in Korean Peninsula. The data
used in this paper are based on the coastal ecosystem survey of the National Marine Ecosystem Monitoring Program conducted by the
Ministry of Oceans and Fisheries (MOF) and the Korea Marine Environment Management Corporation (KOEM), and the major
citations are from year 2015 to 2017. This article is a preliminary study to establish the above processes and the final result will be
derived in 2020 when the coastal ecosystem survey is completed three times along the Korean coast.

Keywords: Outlier test, Background levels, Monitoring indicators, Adaptive management, National Marine Ecosystem Monitoring
Program, Coastal ecosystem, Korean Peninsula
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Fig. 1. Flow chart of adaptive management of marine ecosystem. Dotted lines indicate “adjustment” and/or “modification”.
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Table 1. Survey parameters of coastal ecosystem in Korea

Fields Parameters

temperature, salinity, pH, transparency, nutrients, dissolved oxygen (DO), suspended particulate matter (SPM),
particulate organic carbon (POC), particulate organic nitrogen (PON), heavy metals (Ni, Cr®", Cu, Zn, As, Cd, Hg, Pb)

grain size, total organic carbon (TOC), ignition loss (IL), total nitrogen (TN), heavy metals (Ni, Al, Cr, Fe, Cu, Zn, As,

Water quality

Sediment quality

Cd, Hg, Pb)
Micro-organism total number of heterotrophic bacteria
Phytoplankton chlorophyll-a (total/nano), species composition, standing stock
Zooplankton species composition, standing stock, biomass
Meiobenthos species composition, density, biomass
Macrobenthos species composition, density, biomass, Inverse Function of Shannon-Wiener Evenness Proportion (ISEP)
Nekton species composition, standing stock, density, biomass, gut contents

Fish eggs and larvae species composition, standing stock
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Fig. 2. Diagram of box&whisker plot and outlier.
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Fig. 3. Frequency of dissolved inorganic nitrogen (DIN) concentrations (UM) in May of 2015~2016.
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Fig. 4. Frequency of dissolved inorganic phosphorus (DIP) concentrations (uM) in May of 2015~2016.
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Fig. 5. Frequency of chlorophyll-a concentrations (4g/L) in May of 2015~2016.
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Table 2. Comparison of descriptive statistics between raw and trimmed data by excluding outliers of zooplankton density
(inds./m®) in May of 2015~2016

Seas East Sea Jeju sea South Sea West Sea
Raw/Trimmed Raw Trimmed Raw Trimmed Raw Trimmed Raw Trimmed
N 23 19 12 10 48 42 63 58
Mean 1,008 737 3,420 1,959 14,288 6,101 58,546 37,255
SD 703 382 3,598 1,246 24,199 4,484 103,766 51,729
Median 903 722 2,026 1,509 6,243 5,568 17,138 15,802
Max 2,541 1,654 11,143 4,296 101,196 19,776 665,895 229,439
Min 85 85 529 529 519 519 209 209
N (reduced %) 17.4 16.7 12.5 7.9
Mean (reduced %) 26.9 42.7 573 374
SD (reduced %) 45.6 65.4 81.5 50.1

Table 3. Comparison of descriptive statistics between raw and trimmed data by excluding outliers of phytoplankton density

(cells/L) in May of 2015~2016

Seas East Sea Jeju sea South Sea West Sea

Raw/Trimmed Raw Trimmed Raw Trimmed Raw Trimmed Raw Trimmed
N 23 20 12 12 43 38 61 55
Mean 260,476 136,646 266,737 266,737 702,635 338,537 711,702 468,283
SD 358,983 144,916 308,226 308,226 1,160,541 430,460 895,366 508,897
Median 87,380 65,461 76,199 76,199 146,985 117,333 440,777 270,476
Max 1,260,200 411,331 874,393 874,393 5,194,171 1,805,068 3,436,127 1,893,858
Min 2,669 2,669 23,409 23,409 16,339 16,339 2,521 2,521
N (reduced %) 13.0 0.0 11.6 9.8
Mean (reduced %) 47.5 0.0 51.8 34.2
SD (reduced %) 59.6 0.0 62.9 43.2

Table 4. Comparison of descriptive statistics between raw and trimmed data by excluding outliers of macro-benthos density
(inds./m? in May of 2015~2016

Seas East Sea Jeju sea South Sea West Sea
Raw/Trimmed Raw Trimmed Raw Trimmed Raw Trimmed Raw Trimmed
N 23 23 12 11 48 46 50 46
Mean 730 730 283 234 941 839 5,861 3,500
SD 454 454 195 114 805 653 8,939 3,238
Median 717 717 260 257 603 590 2,335 2,240
Max 1,773 1,773 820 433 3,307 2,417 41,950 10,950
Min 93 93 23 23 57 57 150 150
N (reduced %) 0.0 83 42 8.0
Mean (reduced %) 0.0 17.3 10.8 40.3

SD (reduced %) 0.0 41.5 18.9 63.8
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Table 5. Descriptive statistics of DIN (dissolved inorganic nitrogen) background level (M) in the coast of Korean seas in May of
2015~2017

. Outliers
Seas Mean Median SD CV Ranges Q Q; N
N %
West Sea 6.85 6.93 3.7 534 0.47~19.46 3.48 9.39 11 7.6 134
South Sea 3.64 3.66 2.1 56.7 0.30~9.54 1.95 5.00 3 3.3 87
East Sea 1.24 0.66 1.5 120.0 0.13~6.08 0.20 1.65 6 14.3 36
Jeju sea 2.19 2.23 0.8 36.2 0.89~3.63 1.62 2.69 0 0.0 16

Table 6. Descriptive statistics of DIP (dissolved inorganic phosphorus) background level (M) in the coast of Korean seas in
May of 2015~2017

. Outliers
Seas Mean Median SD (6\Y Ranges Q Q; N
N %
West Sea 0.22 0.18 0.18 82.2 0.01~0.73 0.06 0.37 3 2.1 142
South Sea 0.20 0.19 0.12 58.5 0.02~0.51 0.10 0.28 3 33 87
East Sea 0.09 0.08 0.05 50.1 0.02~0.22 0.07 0.12 2 4.8 40
Jeju sea 0.19 0.21 0.07 36.1 0.01~0.26 0.17 0.23 0 0.0 16

Table 7. Descriptive statistics of chlorophyll-a background level (Lg/L) in the coast of Korean seas in May of 2015~2017

. Outliers
Seas Mean Median SD ()% Ranges Q Q; N
N %
West Sea 2.09 1.80 1.2 554 0.46~5.29 1.30 2.62 15 10.4 129
South Sea 1.76 1.35 1.1 62.2 0.56~5.12 1.07 2.16 7 7.8 83
East Sea 1.08 0.86 0.8 76.5 0.03~3.19 0.64 1.41 6 14.3 36
Jeju sea 0.62 0.62 0.2 30.3 0.20~1.06 0.56 0.62 3 18.8 13

Aot Fol(N=3) L, o] Hl-&o] 7Fd =0 oS- 55M(4.8%) AT
U-a0| Wit shes Aallold 7 52 2.09 1g/1(0.46~5.29 pg/L)S WePaL, 7P W2 B sk
HOZ 0.62 pg/L(0.20~1.06 1g/L)°|ATHTable 7). VA= SGER 3~15717F AFEE RN, 7 B2 92 A5
(N=15)377, o2 W47} 7P A2 A5 sfj o] od2] Hle-2 71 =34 TH18.8%).
ABEZHgE0] U Ao 4] 78 =2 B WSl 172,184 cells/L(2,521~752,549 cells/L)S YEHL, SaflollA]
7P ke Hd W el 92,760 cells/L(2,669~411,331 cells/L)2] M 912 H K Table 8). oA = s d & 1~237)7} A
7P B ol 2 Aali(N=23) 312, o] Hl&o] 7FE 2 o2 Fol3ATh(16.7%).
SEZagE o] dln L Asfjof|A] 7FE e H WSl 8,680 inds./m*(209~44,896 inds./m*)S LFERA T, 714 whe
o W= 552 690 inds./m’(85~1,654 inds./m®)©] Rt Table 9). oA A= S E &2 0~2270]H, 714 B s
(N=22)%17, o} JA] Hl-&o] 7P 52 Sl = Aali3rh(15.2%).
HE o) tigh A o] o] M-S Mool Folt AiH o= =3Eom, Hat 10.3%(2.1~16.2%)2} 12.4%
(4.8~16.7%) 2 LFEFHLL Hallel Al AtAS e 2] 2 717} 8.8%(3.3~16.5%) 7} 5.0%(0.0~18.8%)= LFERHACE,
Hi7 o] WE A (coefficient variation; CV)= e FEQ S22, AESHIEN FE203E Yo

Tlo
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Table 8. Descriptive statistics of phytoplankton background level (cells/L) in the coast of Korean seas in May of 2015~2017

) Outliers
Seas Mean Median SD Ccv Ranges Q Q;
N %
West Sea 172,184 121,359 160,306 93.1 2,521~752,549 60,932 215,198 23 16.2 119
South Sea 93,156 58,601 98,085 105.3 10,333~512,361 28,938 106,857 14 16.5 71
East Sea 92,760 54,717 105,909 114.2 2,669~411,331 18,736 97,667 7 16.7 35
Jejusea 168,238 52,761 228,862 136.0 6,480~761,202 26,415 248917 1 6.3 15

Table 9. Descriptive statistics of zooplankton background level (inds./m) in the coast of Korean seas in May of 2015~2017

. Outliers
Seas Mean Median SD Ccv Ranges Q Q; N
N %
West Sea 8,680 4,251 9,769 112.5 209~44,896 2,284 12,195 22 15.2 123
South Sea 5,255 4,042 4914 93.5 99~22,491 1,304 7,419 12 133 78
East Sea 690 647 402 58.3 85~1,654 385 929 5 11.9 37
Jeju sea 2,961 1,509 3,401 114.9 71~11,143 743 3,639 0 0.0 16

87.7%(30.3~136.0%) = =7 LEFLAL, HPEESH 5 61.7%(36.1~120.0%) 1l HIste] A2 0 & =2 HEAE H3it:
] A A}, oht Fro] B2 Aol to] thE gt Histo] i o2 2 o o] & E|Gl.ow, Al cfo]
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Fig. 10. Box&whisker plot (left) and quartile distribution with outliers (right) of DIN in May of 2015~2016.
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Fig. 11. Box&whisker plot (left) and quartile distribution with outliers (right) of DIP in May of 2015~2016.
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Table 10. Defining short- and long-term monitoring indicators by frequency of outlier detections in the survey area

Indicators May,2015  Aug.2015 May, 2016  Aug. 2016 Short/Long
1. DIN concentration in the Han River Estuary X X A X Short-term indicator
2. Chlorophyll-a concentration in the Kum River Estuary A A A A Long-term indicator
3. Zooplankton density in the East coast upwelling area X v X X Terminated
4. Bottom DO% in the Masan Bay X A v v Long-term indicator

Aupper outlier; Wlower outlier; x no outlier
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