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Abstract — The present study was conducted to investigate the oceanic characteristics of the northern East China Sea
through identification of long-term variation patterns of oceanic environment factors, for the objective of gaining
understanding of oceanic environment characteristics of the northern waters of East China Sea, which closely influence
the oceanic environments of waters nearby South Korea. The study methodology included the use of oceanographic
data (water temperature, salinity, dissolved oxygen, nutrients, and chlorophyll-a) on the northern East China Sea from the
Korea Oceanographic Data Center (KODC), collected by season for 20 years between 1995 and 2014. Moreover, for the
study on the distribution of nutrients, chlorophyll-a. The main water masses that affected the northern East China Sea
during the study period were classified as Changjiang diluted water (CDW), Tiawan current warm water (TCWW),
Yellow Sea cold water (YSCW), and Kuroshio source water (KW). The forces of CDW and TCWW that forms on the
surface and sub-surface layers had weakened for 20 years and the force of KW that forms on the intermediate layer
showed a distinctively decreasing trend. However, YSCW showed a trend of expanding its force. Phosphate and silicate
exhibited a decreasing tendency and phosphate showed a pattern of being depleted on the surface layer after 2009.
It is determined that one of the reasons for this is the concentration of nutrients introduced through CDW and TCWW
being too low. The concentration of chlorophyll-a exhibited an increasing tendency during the study period, the
reasons for which are determined to be the influences of increase in water temperature, supply of nutrients via YSCW,
and increases in light transmission from decrease in suspended solid due to the construction of the Three Gorges Dam.

Keywords: Water masses(<~2]), Long-term variation(*J 7] ¥ 5-), Changjiang Diluted Water(*d-743]415%), T Current
Warm Water(T7H7), Yellow Sea Cold Water(33l %1 5-13<7), Kuroshio Source Water(F-ZA].2.)
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oJolrt. FEAIQ 7]98] 12 1Qe] FHENE oh e} Salje} i
<=3l (South China Sea)ollX] %= s} WAdsh ¥=do] Qlvk
(Chen[2008]; Chen[2009]). ‘B3ll¢} 3l 12|11 FE=rdilie &2 &
AO= Iste] sl arel] 23l 4737 (Water mass) w327+ A7 =M,
vt} 22 7] 52 o] Wslel] Jafo] & sffo|rk(Seung[1992];
Lee and Kim[2013]). 558192 0.5x106 km?2] th5-5-0] ek
31 74 (Yangtze, Changjiang) 5178} Efo] ¢t H&of] =Q o3
o] A== dlg oz 9wl HRIek, §2]¢} ko] A 3l
o] 33T Gong et al[2003]; Lee and Kim[2013]). 553l ]|
JEES v F o FIE GE 29.94-30.50 03] A3
(CDW,; Changjiang Diluted Water), =2 24 °C ©]/d & 34.4 o]
2] FZA] @ (Kuroshio Current) 352} 42 13.2 °C ©[3}, G-
32.60~33.702] )| AZYS=(YSCW; Yellow Sea Cold Water)o ]t}
(Hur ef al.[1999]; Jang ef al.[2011]). BFaljolA 69w S=AgH
T} BeATETE sl el As vl da, 2,
T 2o 9GS Tt Ais) 749 $5E T8t 330
Hoh o 2o, Q12 g9 Frt Sa el nlE 2 540
UTHLiu ef al.[2003]). EE5H F5=73)9) ohiTrE UlFaeolr] &
Aet 858 T3l vl JUT (N:49%, Si:54%) T 53] 21(71%)
< F-A1ZITH(Chen[2008]). B3+ FE =13l dfolA] o]F ==
ol g2k (2.25 tkmd)ell Bl =TH3.92 tkm?). L $HFL Fus
O(Scomber japonicus)®t BX|(Engraulis japonica)®]™, JA-71
Bl 7184, e T8 AEEFHES Zajof nle) =
o, 53] A7 atrellA] & 540] Qlth(Rebstock and Kang
[2003]). 102~18ollE F5AGS] AdFo] SASE A= F2A|
2 T A7I7 okt SaflellA A Sl A I
w= Wk Sl (6, 79)ollE EEAILL Aol s-Alske] S
U5 71949 A =7 vite) wEkel] ujet Beisto] B
& B oz ARl AY S AbE we} Jelshks AL
E730] gtk mgk FR2A Q. 2] A717F dshE A At 852
ARlo] = digk Wil SiEAJ”S(YSCC; Yellow Sea Coast
Current)’} 317 Z-&3TH(Chen ef al[2004]). 18~49, 92 ~12¥0l=
A7 & (Changjiang discharge Water)’} ‘dalalH, FAloll= 3
a E30] ke W= dlolth(Kim e al[2009]). VI FE
dlol] JEFS mH = =)o B Al 1-590E THEA
Qk=e} B -R<=(YSWC; Yellow Sea Warm Current)” | -4},
6~122 o= UR+(TCWW,; Tiawan Current Warm Water)”}
EZxIeoll A $AIEE 2102 B EACHLI ef al[2006]).
A7y 2 RE R e DING FEE 19851~19987)
2] oF 1990 F7F 8k A, 22 71XF DINS flux= 1.34] 5718181
HLin ef al.[2005]). €Q1 0 2= 1980 ) o]% F43] ZF7He 3}
g H| 8 AME9] A2 JERSTHL ef al[2007]). 1 AY 2733
ol whAlE= A2 0] BhAguI = 1990 dt]ol] vlsl 20003 tH Zol

219 78I o, 1 A3} 1987~198839] 2,000 km?Q] 2% =AY
A z]o] 20000l 7,000 km® o102 = lar, o] -Fsk=
2 E2EHTAES 1ZF(Diatom) 5ol SFHRE 25 (Prorocentrum
dentatum, Noctiluca scintillans, Alexandrium spp.)=- Z o] Hol7}
BhAEEaL QEH(Chen ef al[2003]; Li ef al.[2007]). 2HE 9194
£ 53l A A= =@lel gk AtellA ke akedot
THAIA) BlEl DING| 2 FFY oz S8 S A
Bl Ao mR]= ko] & A1 0 7 YEPFTHKIm and Kim[2009]).
Excess nitrate® AIAFeE 55=3l] S92 2352 FZHE 7
| Zakglo] 212 el 7]ofsbH, Aatel nlgl Qlel| SJal Alg
= 5 9l 210 B ITH(Wong et al.[1998)).

Sl el TS vx= 7 Aol AR (Three
Gorges Dam)°| 3HZ5E 400 km 7l $1X]3F Yichangel] A
Ak, 7 F=reld 7P 71 7o = Aot} 6,300 km, S
XuliujingZFE] 37714 110 km, 8F7-9] Z-& 90 km= F5=3=
U= G it FE52 9.24x10" mPeyear'o|H, EZE9]
FES2 470 Mton-year'©]THLi ef al.[2007]; Chai er al.[2009]).
71(52~109)] &2 AT FEF2) 71.7%, 27](118-49)
olli= 28.3%0ll Y8HCH(Tian et al.[1993]; Chai et al.[2009]). AFAFY
442 1993d 12878 A|AE S0, 2003 680l 12} 34
$+E (Gong er al.[2006]) ¥11L, 200651 10€0l] 22} Efo] A} ¢
55, 20094 1€ k=St A fETe] > AR A
o)l & QI F o R A glon, FEF AR 797191
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3 AEAte] ad Ao R ofAst vl §lrt. Yanagi[2002]2 1k
AFE] fEF AR Qe sETElE fYEE U vt
Fallol7kA] @aFo] A Floje} dlSaigit.
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9] A7%-S 1|31 (Min ef al.[2010]; Lee and Kim[2013]),
) B3 (Kim ef al.[1991]; Gong ef al.[1996]; Hur et al.[1999]),
P2 4-q0 B3Z E4(Oh ef al[1999]), 7] BFA EZ(Son e
al.[2010]; Kim ez al.[2008, a]), $142 o] 83+ =23} HZ4-a2}
o] TAI(Kim et al.[2008, b]; Son ef al[2012]), TEZHTE=S] &
3 (Rebstock and Kang[2003]); Choi er al.[2011]), B33} 54
-a W FHEA ] X 54 (Wang et al.[2003]; Kim ez al.[2005];
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Fig. 1. Monitoring stations in the northern East China Sea, 1995~2014 (Ning et al.[2011]).
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UrE}LHU%, A7F S Bl Bl 1520 me] ek Fo =%
B5E 2 Aakdz) rakdo] =2 Hle) Qlakle vk EAS
°ﬂDP(Wong et al[1998]). F2ZAL 7|5 34.60109] =& A

598 vEY 258 vIES T AT Edsilt
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Fig. 2. Seasonal variations of temperature and salinity in the northern East China Sea, 1995~2014 by Gong et al.[1996] (a) winter, (b) spring,

(c) summer, (d) fall.
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Fig. 3. The variation rates of environment parameters of CDW in the northern East China Sea, 1995?2014 (a) Annual mean temperature
of CDW, (b) Annual mean salinity of CDW, (¢) Annual mean dissolved oxygen of CDW. (d) Annual mean phosphate of CDW. (e) Annual
mean nitrate of CDW. (f) Annual mean silicate of CDW, (g) Annual mean chl-a of CDW(The dashed line is regression line).
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Table 1. The annual means, standard errors and rates of change of the related environmental parameters according to the water masses in the

northern East China Sea, 1995~2014

CDW TCWW YSCW KW
Parameter
mean se rates mean se rates mean se rates mean se rates

Temp. 27.59 1.51 0.016™ 26.26 2.05 0.054 11.59 1.76 0.003 17.14 1.81 0.070
Salinity 29.49 1.25 0.028™ 32.87 0.95 -0.052" 3274 0.55  -0.012" 34.69 0.13 -0.001
DO 493 0.80 0.016" 4.78 0.92 0.015" 6.01 0.89 0.014" 5.09 0.96 -0.018
NO;-N 3.19 2.74 0.023 2.99 3.23 -0.015 8.72 4.32 0.105 6.17 6.54 -0.141
PO,-P 0.13 0.14 -0.010™ 0.22 0.27 -0.010" 0.47 0.32  -0.015" 0.38 0.31 0.020
Si0O,-Si 5.12 3.26 -0.168™ 5.23 4.45 -0.138™ 12.00 4.36 0.050 7.76 4.38 -0.362°
Chl-a 1.08 1.00 0.034™ 0.62 0.83 0.032" 0.63 0.75 0.027" 0.27 0.33 0.009"
N/P 21.3 18.2 24.280™ 14.5 5.02 5.789" 16.2 1.02 0.685™ 16.1 0.37 0.117"
Si/N 1.7 0.1 -0.076 1.8 0.09 -0.098" 1.4 0.14 -0.015 1.2 0.02 -0.139™
Si/P 353 26.8 41.975™ 25.9 9.66 11.76™ 23.0 0.63 0.681" 19.9 0.41 -0.000
Excess N 1.02 3.36 0.2" -0.61 4.67 0.147 1.17 0.41 0.337" 2.09 7.33 0.186
AOU -0.26 0.81 -0.018™ -0.07 1.02 -0.016 0.19 0.82 -0.014" 0.39 0.93 0.010"
°C-year’, temperature; uM-year', nutrients; ug chl-a-L'year”, chlorophyll-g; se, standard error; *, p<0.05; **, p<0.01.

Uh(Rebstock and Kang[2003]). 5=71 1l %‘%El*—i?ﬂ =4
T FEel Hade] da
13} HKim and Kim[2009]). &7
AZF fluxi= 105.1x1010 mol-yr'-Sv!, 914k 1.8 mol-yr'-Sv, Sit=
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8+ 3 (Zhu er al[2011]; Ning et al[2011]). 3 Ao A=
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Fig. 6. The variation rates of environment parameters of KW in the northern East China Sea, 1995~2014 (a) Annual mean temperature of
KW, (b) Annual mean salinity of KW, (c) Annual mean dissolved oxygen of KW, (d) Annual mean phosphate of KW, (e) Annual mean
nitrate of KW, (f) Annual mean silicate of KW, (g) Annual mean chl-a of KW (The dashed line is regression line).
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Fig. 8. The relative characteristics of water masses parameters in the northern East China Sea, 1995~2014 (a) Temperature, (b) Salinity,
(c) Dessolved oxygen, (d) Phosphate, (e) Nitrate, (f) Silicate, (g) Chl-a, (h) N/P ratio, (i) Si/N ratio, (j) Reative range of water masses.



200 &34 &84 -8

150 30
: ——
145 SST(C) —*—AOL

- 20
140 A —

135 417 M

130 L L L L L

125 - 4 N

>
-
IS

s UL

1995 2000 2005 2010 2014

! AR TR TN TR g
!
v | -10
120 -

150 120

] — i
145 SST(C) = Air Temperature()
A A F 100
140 4 - / ~
M _ 4
135 A M P80 F
—~ " =
g M g
130 60 &
& 2
“ s £
’ 40 ¥
120 1 <
L 20
115 A
110 00

T T T T T T T T T T T T T T T T T

1995 2000 2005 2010 2014

Fig. 9. Comparison between Arctic Oscillation Index (line), mean air temperature (line) at the Seogwipo, Jeju and mean surface temperature

(bar) of the northern East China Sea during winter, 1995~2014.

3,500

3,000
2,500 -
2,000 -
1,500
1,000 -

500 +

precipitation of Seogwipo(mm)

0 T T T
1995 2000 2005 2010

2015

year

Fig. 10. The annual Means precipitation at the Seogwipo, 1995~2013.

O] BIRAE 2|57} S0 =47 278 AL TA :{%—}Fﬂ
Wzt R ofojA FaAT el o) T8l o= QlE EF
3] BRI 0 2 o] 93] =713k 707 FhgEt) o]
X BAE = s7)e] Al ¢S AT tg|doA] AtHel B
Fol 7k A1, AP} AEA 07 Zuleh, Q. 4] F 4200]
71 e GalFae) darow A fEola oo aldeis

A7171Eel o] Fhashs FFE ehigich webd o)
WS FRIsk] Slsl Arall o3t 1A S AT A7) ol A
Eé]—a— 71—’\3&

T=H 2F(http://www.kma.go.kr/weather/climate)} H] 1.
SISt A e Q771K w1 FHaske FAIE vEisich

(Fig. 10). W} Aallelolae] Qi gkt oi7le] olg e
e 53 £ 1 31 e AR LR, TR 7
sl B3} AU 28] 71 A, A1 ERL AT A

S0 7R FEAS 71850 §ROT UEh ke Aok
ey,

Szt S7FAllelli=s A A, Fsht il
= WA BA @ -lae} o] oFA Egel sl FE=
JEH(Chai er al[2009]))3} D27 BEHES F2 A3 Aot

= <= AtHHarrison et al.[1990]). T 7] 10 7= Ql7kgkEo]
SF ALIARI o] ohd Aol g PE— E5ol 93t =&
REh=e ?I%k AT T dEFE =T AU

J57-2] JeFo =z Tt (AAD) €5 (Hu[1994]), Taiwan &5
Z L(Hung et al.[2007]), AT A3 853 diS-awtel
A FRAIL. FFrel ol dAEle] FemElE e 85 (to
et al[1994])9] Q&S W= A1 o7 W uET} 023k L5 9
3t 7101151 SHAlel AR 85(30% ol el F Aol wHAEk=
£5(10~30%) ol BIsf J&o] am, F2A @ T2 thES U
29 FYE A0l o & RAow duFnl dnkE o7 okl
A8} el thdk Q1] ARl oFo] 16:19] ratio® WSk
740j oLquﬂ ou;] 7_1'—7_11—94 }j] ] u,].ﬂ_ A B J—BLJ_EJ /\%/‘gu,]. Z/\]

[e]

Oy

0

008.394
oHi-l

o]

L

o GFL V1o, NP AJeh=el ulE o) g3to] ik AeAe]
JF AJONZ WE ek, Webd BER HReIA B

\.I

[e)

o Zyzko] ofoFdel tish iRl BE Table 20l YERIOH, &
3t N/P ratio®] =%l W2 WEF-2 Fig. 119 YeRITE 1380
2 UERA] ¢k FUAY] ratio] HEE-S Table 30l YERIGITE
SHA12] N/P ratio= SH 1AM E] wXeel el 7Hd 7] vhebst
o, Al B ratios YERASIT EAI= thE APl vlsf A

Table 2. The annual means and seasonal means of the related environmental
parameters in the northern East China Sea, 1995~2014

Parameter N/P  Si/N  Si/P N Si”
Annual 17.7 1.4 25.1 0.5 2.6

Winter 154 1.4 21.2 -0.3 2.4

Surface Spring 17.8 2.1 36.6 0.3 3.7
Summer  21.6 1.7 35.8 0.8 2.7

Fall 18.6 1.1 20.8 1.0 1.8

Annual 18.3 1.3 232 1.2 3.7

Winter 154 1.4 21.1 -0.3 2.6

Bottom Spring 16.3 1.3 21.1 0.2 2.6
Summer  23.5 1.3 30.3 34 6.4

Fall 18.5 1.2 21.6 1.5 32

Annual 17.9 1.4 24.5 0.7 3.0

Average Winter 15.7 1.4 21.6 -0.1 2.4
for water  Spring 16.6 1.6 26.1 0.2 3.1
column  ummer 232 1.5 341 18 46
Fall 17.9 1.1 20.3 0.8 1.8
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Fig. 11. The variation rates of N/P ratios in the northern East China Sea, 1995~2014 (a) Annual mean N/P ratios of all layers, (b) Annual
mean surface N/P ratios, (¢) Annual mean bottom N/P ratios (The dashed line is regression line).

Table 3. The rates of change of the annual means and seasonal averages
of the related environmental parameters in the northern East China
Sea, 1995~2014

¥ B3

Parameter N/P Si/N Si/P N Si

Annual 0.5" -0.0 0.4 0.2" 0.1

Winter 0.5" -0.0” 0.3™ 0.3" 0.4

Surface  Spring  0.7” 0.0 5.5" 0.1 0.17
Summer 11.3" -0.1 2077 02" -0.0

Fall -04"  -0.1" -0.8" 0.1 -0.0

Annual 0.4" -0.0" 04" 02" 0.1

Winter 0.6" -0.0™ 0.5 04" 04"

Bottom  Spring 0.1 -0.0  -0.1 0.1" 0.1"
Summer 1.8 -0.0™ 1.4" 02" -0.0

Fall -03"  -01"  -0.27 0.2 0.0

Annual 0.5" -0.0 0.4" 02" 0.1"

Average  Winter 057 007 047 03" 03"
for water ~ Spring  0.3" 0.0 0.5 01" 017
column  gymmer 26" -0.1" 23" 02" 00"
Fall -0.3"  -0.0" -04" 0.1 -0.0

AR B e va QAR ot TE Adels
[eZ] oﬂ

2%k
HJ&l Qlrtglo] whe A 0 & LpESITE SUN ratior= 24142
FE7h 2 FAlO] FE ratioE UEFOH, RFollAE FA,
Xi%oﬂ}ﬂt FA 71 =& ratios UERNSICE 2dtiAQl FEA)
7} 3A) 3kE FAl = 53 AS BFolA W2 ratios UEF
WA 53 Si/PE] ratio SHAOll 7| LFER SHA 9] whE <14k
A9 FFS URFith 7 J U ratiod] tist 7S dotr
W N/P ratio= 3HAlell 713 =& 7} FAIRMH vls) FA o= 7t
Ak FAE e, S7HES 20 53 °F 9.2 T Ao
2 UERSTE B8 SiNY ratio A 7RG =2 7SS B

¢

F

o SiPe] 7] Wi Qlilgle] ke 1 Qs ShAlel 71 %
ow, FAloE A Yo Fhashs FES ekt

ANkl Ffjoke] ok ratio?} Bl EL7] I3 Excess N 5%
SAlelE =2 A4 s EkIFglon, oF 1.0~-34 uM
ZAtglo] 7<) %Zﬁé ZOoR L}E} xTF Hhd el FAlellE <1
FE Zlow Vet

dlol oz flEl= AdeAS(Fig. 3), b (Fig. 4), FallAS
W (Fig. 5), 2412 7195 (Fig. 6)o] Zae Q1atele] w1 7}
/\oﬂ o:Ia‘L_ Hl—g 74_% ,q_r)rgu;] ._3] 94 1’4] Q_ i]—X]
h= A8 A58} URhdRS7} 20106 ©)% 3 0.1 uM ©]31)

=
EFT

whe 7k Aololet & 5+ ik, Rk 74 53] F F2Al /)9
ol T & QUiidel el FHHR o] 2L 71959

Al ofstel] o3t FEw gl ot 2o = AhATth(Fig. 6). ©]
W A 7el o] Ne| 7kl P9t St FHashe S ellxd= 4
FEGTE £ Fo] o] WEM, AEEFTES] F vhedo]
d & Q= 7107 RaEITH(Wong, et al.[1998]; Chen[2000];
Wang et al.[2003]).

HEE-a0] FEE ATV T AEH o R
ERNSIT), gk o 2 AEEg 970 dES 4 ]0}'— ?3—15\_
-ac A T2 IEF] dF= kel
o} o] ] Fo o] JUHL AT T Al %7}
FAIE ALlshd hte] FajelA U &

A YeIGlTE 2R s E7star Oﬂ%_ﬁ:
AR1E- AA 412 Fo FH oA YERd & STkt
Fol ARl B8] b 21, Al A%E e Srlele

AT Yol ke vl 2 J¥Fe FF 18aL AE

-

16

14

W < 20pm ® > 20mm

2012{2013{2014{20122013[2014{2012{2013{2014{2012|2013|2014

1.2

1.0

06 |-

04 -

Chlorophyll-a(ug-L 1)

02 -

0.0 ~

Winter Summer

Spring

Fig. 12. Relative seasonal concentration (ug-L™) of size fractionated
chl-a of the northern East China Sea from 2012 to 2014.
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Table 4. The pre-post difference of t-test result on the water parameter after Three Gorges Dam construction in May, 2003

pre(a) post(b) difference(b-a)

Season Parameter layer t-value p >
mean se mean se mean se A)
Tomp. (°C) s 20.36 0723 1313 049 311 051 2002 0.05 202
b 1.19 0243 1301  0.46 13.09 2.73 0.07 0.06 0.5
Sal. s 5.96 0.000 3340  0.12 33.64  0.15 0.24 0.32 0.7
b 225 0.032 3363  0.12 3371 0.14 0.08 0.19 0.2
DO (ml L) s 5.18 0.000 599  0.07 6.16  0.07 0.17 0.03 2.8
b -0.64 0.526 5.97 0.07 5.95 0.09 2003 0.04 0.5
Winter  Nitcate (a) s 2.698 0.012 596  0.69 718 0.50 1.23 0.46 17.1
b 0.75 0.462 7.66 0.71 780 052 0.34 0.45 43
Silicate (uM) s 278 0.010 9.11 0.71 997  0.69 0.86 0.31 8.6
b 127 0217 1046  0.88 11.10  0.73 0.64 0.50 58
Phosphato (i) s -0.66 0.548 0.45 0.05 042  0.02 0.02 004 4.4
b 218 0.041 056  0.05 0.46  0.02 011 005  -19.6
Chla (g 1) s 11.08 0.000 0.31 0.02 059  0.02 0.27 0.02 458
b 5.13 0.000  0.32 0.02 049  0.04 0.17 0.03 34.7
— s 2111 0.000 1845 022 16.18 0.8 227 o011 -123
b 733 0.000 1358  0.20 1282 023 075  0.10 5.5
Sl s 4.46 0.000  32.65  0.11 3297 0.4 0.32 0.07 1.0
b -1.39 0174 3344  0.14 3340  0.14 20.04 003 -0.1
DO (ml-L) s 4.95 0.000 584  0.06 6.06  0.17 0.22 0.04 3.6
b 7.21 0.000 532 0.09 559  0.08 0.27 0.04 48
Spring  Nitrato (u) s 2.70 0.012 281 0.37 332 0.34 0.51 0.19 15.4
b 2.63 0.014 945  0.80 752 035 192 073 203
Silicate (ubM) s 2027 0790  6.65 0.43 6.53 0.41 012 045 -1.8
b 3.95 0.001  11.85  0.43 985 045 199 051 -16.8
s 2.05 0.050 0.22 0.13 0.16  0.01 0.06 003 273
Phosphate (uM) b 429 0.000 0.60 0.03 0.46 0.02 0.14 003 233
Chla (gl s 4.69 0.000 048  0.08 089  0.13 0.40 0.09 44.9
b -0.03 0.978 039 0.08 039  0.06 0.00 0.06 0.00
Temp, (°C) s 20.52 0607 2792 0.12 2787 0.09 2006 0.1 202
b 3.93 0.000  17.67  0.59 1684 047 083 021 4.7
Sal. s 5.06 0.000 3011 0.1 3060 0.7 0.49 0.10 1.6
b 298 0.006 3338 0.5 3322 018 0.16  0.05 0.5
DO (ml L) s 3.44 0.002 486  0.06 503  0.03 0.18 0.05 3.6
b 3.68 0.001 347 0.07 3.69  0.10 0.22 0.06 6.0
Sommer  Nitrate (uM) s 132 0198  2.67 0.20 300 0.16 0.33 0.25 11.0
b 2.20 0.041 934  0.67 11.16 033 1.82 0.83 163
Siticato (abM) s -4.66 0.000 627 038 432 013 195 042 311
b 2.01 0059 1510  0.81 13.10 036 200 099  -132
Phosphate (uM) s 325 0.003 0.21 0.03 0.11 0.01 0.10 003  -47.6
b 378 0.001 057  0.05 039  0.03 018 005  -316
Chla (ug L) s 1.14 0267 080  0.12 090 007 0.10 0.08 1.1
b 0.65 0.525 0.32 0.04 0.35 0.04 0.03 0.05 8.6
Tomp. (°C) s 20.77 0446 21.08  0.18 2104 0.16 20.04 005 202
b 2.87 0.007 1953 0.3 1980  0.19 0.27 0.09 1.4
Sal. s 3.67 0.001 3333  0.09 3343 0.10 0.10 0.03 0.3
b 0.24 0815 3375  0.14 3376 0.13 0.01 0.03 0.0
s -1.55 0.132 5.19 0.03 5.15 0.03 20.04 0.3 0.8
DO (ml-L") b 1.58 0.123 440 012 450  0.10 0.09 0.06 2.0
_ s 272 0.011 5.82 0.71 765 051 1.82 0.67 238
Fall Nitrate (uM) b 5.09 0.000 8.69 0.54 1129 041 2.61 0.51 23.1
Silicate (M) s 3.15 0.004 1031  1.18 724 054 307 097 298
b 7173 0.000 1571  0.75 11.62 045 409 057 -26.0
Phosphate (uM) s 3.23 0.003 0.51 0.06 034  0.02 017 005  -333
b 630 0.000 0.86  0.06 049  0.02 037 006  -43.0
Chla (g L") s 9.09 0.000 031 0.01 0.69  0.04 0.39 0.04 56.5
b 5.57 0.000 0.7  0.03 046  0.06 0.29 0.05 63.0

" p<0.05, ™: p<0.01, s: surface water, b: bottom water, se: standard error
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