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LA T B SCE A SR ORI DX SR BRI 25 M A REAIE B SRR 35

o> A B, X AR A OR PR 45 6 1 PR 9 = g
Oy L5 EERE

K7 B 5 G PR DX R R B K S B R
R HAAFIRES , TEAR Y b ) 32 A 1 B0 X el =
IRy . BRI SRR 2 T DU IR PR A4S B A 7K
MR S IR ) B A | R XK R R AR
P I AT IR A W] LA RIS S AR S K BR B, A A
TS B G YA AR 30 A B X Sk i T R & e . B
R, B — BB 40 XEA T T R A iR, W k55 (2010)
A B 55 (2013) X 1L AR 48 S8 T 3 1 T8 48 YL B £
(Trachidermus fasciatus) & 5% 44 7K 7= F J57 9% I AR 37 X
HEAT TP EOREE(2014) FI 4L 42 2015)% LR
H BE T VAR TS KAt (Solen grandis) BV A4 X fT T
AN, (EC T 5 S Aok AR B A= sh i g SR AR
DX 1 W 0 R A 38 A i . SC B, L (Branchiostoma
belcheri)J&: [H R — gk B A oY), BERNY
T, ICE M LB EHESh Y R sh Y, A
GG B PR B A EER F A, T AATLE AR X BN
J T E AR AR A e T TS T
5T SC B oK AR B A ST E AR IX

ABFFET 2017 48 9 A1 11 A X 138 ik
A B A ST S A SRR X K BOIR G HEAT T A A
Wi, 4347 T DIN 1 PO,-P BT AL, 48
T B AR IR ACE SRR, T T & E SR
VAT, AR K A 12 1 3 A W) 22 B AR B RN R A2 42
HEES L,

1 MRIERE
1.1 FREXIE

T & T SCE KA B A S T g H SRR AP X T
2004 AEEENT, AL RN TS D AMEIE, I T S TR
DRI 1, 2 Je N VS = B F) S VR e Vs PN 9 T
(1)120°20'15"E, 35°57'00"N;; (2)120°20'15"E, 36°01'00"N;;
(3)120°25'49"E, 36°01'00"N ; (4)120°25'49"E,, 35°57'00"N
4 SIS LN T, RE R 61.81 km®, ARYE A
SRIREE RIS B R IR0, BRI X WO X 27
PIXASER X Horp, B K SEAT B R, 251k —
DAl X LR DX 3 B R (435 2l 5 2% o DX ] ifE A 7Rk
WFFEIE 2y, B8 1 EIF R ANl F25E G 5l 5 SEEIX
APNEERREDISE | RIS ), B8 @I YRR
(AR o [F]BS 2 A AR AK A A ey = v BRDTRR,
ARTSCE MR (IS, 2005; B, 2008).

1.2 REuLAL SR

A Bl T 5 T S B K A B A s W T ) H
SRR AP IX B AL I B8 (120°21'~120°25'E ,  35°57.5'~
36°00.5'N), Fiik 9 MHA UL (F DAREKEE, K
LERFIRIR 2017 4F 9 H(EZ)M 11 A (BkZ), AN
HOR R E K B2 5T B w0 K Ao i e AR
SIHAMT, FH Niskin RAKEFREKFE, RFEMNZIRA
X RZE ., BERAREMBUA AL I M T S R
CHEPEWVETIELYE ) (GB 17378-2007)4047 .

120°3’ 120°15' 120°27' E
! ! ! ! ! ! ! ! ! T 120°21" 120°21' 120°23' 120°24' 120°24' 120°26' E
T T T T T T T T T T
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36°15' |- 4 1
N S T o
L Qindao ity 2 3 i
R L4 IS
Jiaozhou Bay 4 Bl X ]
Core Area
36°5' [ ¢ 5
i . {35959"
6 R 7 8 b
— *
35055 H BT BAKAEEESY) EhX {35058’
% %% H R X Buffer Area
Qingdao Lancelet Reserve Axea 9
‘ -
il KB
350451 6 Yellow Sea Experimental Area 1350570
Bl 1 JHEubfi

Fig.1

Sampling stations in the Lancelet Reserve Area



36 woor B

2 R %40 &

1.3 MESBEHSHAE

FES RO RSN 30 B ARG IR . R WA R 4R
(NO»,-N) . filf iR £h (NOs-N) . & & (NH,-N) F1 # iz 15
(PO4-P). FRJHZEE YSI556 %I 22 S50k 5t Wa il {0
WK FZRIRE | SRESHE S8, NO,-N RFZE L

A6 BE R E s TTHLA(DIN) 5128 NO,-N . NO5-N
I NH-N =F 2 il

1.4 EEFHEMFE

R 58 TR 45 (1998) 48 H 19 ¥k 7 1 5 SR AL T
MO0 T 8 T S, K AR B AR ST A SR IR AP

TGP EICEE RN E , NOs-N SR I H AT I J i 2 XE | 2B EEFRACEITITN, HFHRRW
NH-N R KRR A LI, POL-P RABREHIE RIS 1.
x1 BEMEEFNUTEMTE
Tab.1 The evaluation standards for potential eutrophication
2 9 ey N/P
eriz:zije Nut:fltivel DIN(mg/L)  IP(mg/L) (JRFH)
I FLE SR Poor nutrition <0.2 <0.03 8~30
Il TEEE SR Medium nutrition 0.2~0.3  0.03~0.045  8~30
1] 5 7% Rich nutrition >0.3 >0.045 8~30
Vp BB & E FE Medium nutrition with limited phosphorus 0.2~0.3 - >30
Vo BRI IEME S 3% Potential rich nutrition with medium limited phosphorus ~ >0.3 - 30~60
VI, WEBR V7R & B 3¢ Potential rich nutrition with limited phosphorus >0.3 - >60
Vy AR EIEE SR Medium nutrition with limited nitrogen - 0.03~0.045 <8
Vi APERGIEEMEESE Potential rich nutrition with medium limited nitrogen - >0.045 4~8
Vi RBR VAT E E % Potential rich nutrition with limited nitrogen - >0.045 <4

2 BRI
2.1 kB

PRI X FE H R Z KRB F A 25.72°C~
26.95°C, SEYJMEKIRE N 26.20°C, HHOLIXEZ
KR EE VLN 25.84°C~26.00°C, FIE 2K IR
FEH 25.92°C, GZihIX R 2K IR EEEFY 26.01°C~
26.95°C, FIHRZHIKIREN 26.61°C, LHIXEKSE
KR EEJE Ry 25.72°C~26.57°C, 82K iR B
K 26.15°C; BRI X ERZEKIRELFEY 16.34°C
~16.41°C, F¥HRZMWAKEE R 1638°C, Hri, #
DX RZEKIEEIEEA 16.35C~16.41°C, FHHE
JEUFKIEE N 16.37°C, ZEh X )21 /K LR N
16.37°C~16.40°C, “F-¥FR/ZMKIEE R 16.39°C, L
55 X R ZW KR ETEE N 16.34°C~16.39°C, FH&k
JEME KR E R 16.37°C S AEXF A4 XI5 ek 1 18 % 39 1]
Hg IR Z KR EAN T 16.34C~26.95C2Z I, H
TR X UK R, Hil KR E 5 2 R ADG
SRR H R, XEANERETSH
KIBEARK, HHMBE ISCLL EARIERAE,
DRI, 30 e o K I BE R A A0 A R TR, % i
HIXBaMAERKER(RBIEE, 1998),

22 hE

PRI X AE R A 3R 2 L B 31.89~
31.96, FIRIZHREME A 31.93, Hi X FZk
JEVEE N 31.89~31.96, FIRZTEN 31.93, Fnh
X EZEIEE KN 31.91~31.96, FHERZHEN
31.94, SLEGIXREZERBEN 31.90, FHRZERE N
31.90; BRI IXRBER VLR 32.22~32.29, F
YIRIZER N 32,26, Ho, B X K2R R
h 32.25~32.26, FHRIZERE R 32.25, GZhIXERE
EREETE N 32.22~32.29, FHFJZERE K 32.26, S
I X FZEEEILE N 32.25~32.28, FHRZIHHE R
32.27, FEXPORA XU IER PR A A (], O ER 2 R
JEAT 31.89~32.28, #HhEREENIAE 11 A, &K
ENHEEAE 6 H o A4 DX ISR B ) AR S 0k Bk 22
mTEZE, BIXAES YRR B2, B EROK R
THEE, LA ) 2 B R . BHoEuE, &
By sCBAMIER G & B G D 21~33, Kt
AT A F B SCE MR IGIE R R B AR
(R BEILAE, 1998),

23 EFERMNFTEN

R X 38 H 2= NO,-N .NO;-N .NH,-N F1 PO,-P
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f) 2 S S22 BE 20 5910 11.97,39.71.15.52 i1 9.12;
FKZE NO,-N, NO3-N ., NH,-N Fl PO,-P {82 -9k
JEAY 51 6,06, 44.71, 10.80 1 19.15, H13 2 W[LUFE
R X 2 NO,-N I NH,-N SF-34 4 58 TRk
2, SRR ZERY 1.98 F5A11 1.44 4%, 1] NO3-N Fll PO,-P
RIS RALT R, 2R 88.8%F1 47.6%. i
SEGHEIP X B A & B, NO,-N A DIN fi4 £ B AETE B
K, EFEMEKERZ5]E DIN B 58.0%F1 74.4% .
2439 & 60.0%F1 70.8%; NO,-N H Bk ZEHZ
359l DIN B 18.4%7F1 9.6%, JEJZ/91E 17.3%F1

10.1%; NH4-N E Z=HRFkE=R)Z 5075 DIN £ 23.6% 1
16.0%, JEEZ43 3 22.7%H1 19.1%. M Z=TPEARfE ok
&, DIN & N EF>Z, PO,-P S H NKE>H S,
FWFR M, 7l X DIN Al PO,-P & E |
B EE TH AFIMESE, 2007, FRREESE, 2016),
XEBERRNE G EFEKL, KK HE
A4 Wil P R e AT, 33 g K TR JEHLER & HE Y
AR, EEARREARIT LA, DIN &R %>
Bk, (HARAHZEA K 1 POLP FHMKE>HE, 5
ZERERA5(2016)2013 AFX M VS 1) I A 45 R KB R

R2 ERXEEAARIPREFATHRE

Tab.2 The average contents of nutrients in Qingdao Lancelet Reserve Area (ug/L)

I KIZE

NO,-N
Season  Water layer

NO;-N

NH,-N DIN PO,-P

& K2 Surface
Summer Ji£)Z Bottom
k& #JZE Surface  5.93(5.04~6.95)
Autumn JEJZ Bottom  6.19(5.04~7.14)

11.29(5.42~17.48) 35.55(27.18~49.00) 14.48(9.44~18.62) 61.31(50.24~78.97)
12.65(6.00~16.90) 43.87(30.69~50.33) 16.56(6.95~28.57) 73.08(52.62~91.41) 10.05(4.61~18.61)
46.15(35.85~61.33)  9.93(6.76~14.03) 62.01(49.75~79.45) 18.92(13.01~25.60)
43.27(24.19~57.42) 11.67(7.33~18.24) 61.13(39.24~75.91) 19.38(13.01~32.60)

8.18(4.61~15.81)

T 65 N B

Note: Data in brackets is the range

SR BHREAE AT AR, 4P X 229 H)DIN
e Tt K — 2R HEME.(200 pg /L); PO4-P fL T ifFk—
RBREME(LS pg/L)o Ho, RIZA 1 AT PO,-P 7
K —ZRARMEE, JIRIEA 2 NS, PO,-P & &
HEAD K —JEARUELE, AR R0 11.1% . 22.2%.
BkZ=(11 A)DIN L Tk —2E PR ME(E (200 pg/L);
PO,-P %5 Tl K —RARHEME (15 pg/L). Hh, K2
7 ADEG PO,-P &t Ml K —RARUE(E, IRZ2H 7
AWl POL-P 7 10t M e T K — AR (R, AR Ry
77.8% AL LB T LA PR AP DX SR A
b W P T8 IR T ) 2 4 2R 0 T T M A I
(8, 2013; TRARSDE, 2017), KIFEFFA B R —JKk
TR KK BObRE , X AT RE R th TR AR IR TT
JRE R U R AR 77 2235 16 8l T LA S i) PR 8 e AR
BRGEZNNHWEN, AT Eh R4 308 @
PR N HFTAE 0 A AR A SRS, DT 4 4732 v S8 1Y)
EXYE2E S d

2.4 R mEEE

i 2 WA N, RIPXEZER . IRZEKL
DIN ¥/ A H R B O X > SR X > Z2np X
fE%, X2 DIN 1L X m T2 X HISLRIX,
JEEJZ DIN WAL XSS XL, & T2
k= JRIZHEKE) DIN WE DA R mh X > 52
WX >0, &, KJZE DIN B8 IX s 7o

XAZLX, mE 2 aTLEH, &40 X8 DIN &&
P ] —Z= 75 A WAt 22 1, 33 mT 2 DR A A4 X T R
BN, NI EASZ 8 DIN & =8 s,
MANRI N RE, i AL . JEZEK
PO,-P BN & T E (K 3) AP X E F
KJZ POS-P FHAEMLXE TELE XM X, H
S, G X RS XA 22 R K, K)Z PO,-P & NI7E
S DX TR XORIAZ O X, T 2% o DX R O [X A 22
AR BKERZ POLP FTHRITEIX > Z X > il
X, (HEANXZEAHZEARK, IKZE PO,-P &5 N TEE
o DX S 55 T8 P XRS5 IX. 1717 % 1 DX R S 560 X AH
ZEARK . B E 3 AR, 45 X PO,-P &% #7E[F]
—ZEN AR, X AT RS PR I E AN, A
MFAHIZIF A I REIX. POL-P iAo 44 5 i 4%
DIREXAR[EZETT POL-P i 22 H K, X F BRI X
B AR KRR 22, (A S 3 T ¥ 7RI Tl 3 K ik A
PHTE , DAT SEAZ I Y PO,-P & B (FMNBEEESE, 2011),

25 EFHREMREFEESN

TR YE R LA 16 1 A9 N/P FU(E (57 Eb )45 L
KRR, 24 N/P FUE R T 16 ¢ 1 B, EHIK
PR BERR S, 24 N/P HU(E/NT 16« 1 B, SREIKMEY
FER, o Sad IR T XA HE, e R Ry
ARKZIR, XA RN Redfield H{H (Redfield,
1963), 1fii Justi¢ ¢ (1995)# i, 4n2 N/P>22, | PO4-P
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Fig.2 Regional distributions of DIN in Qingdao Lancelet Reserve Area
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Fig.3 Regional distributions of PO,-P in Qingdao Lancelet Reserve Area
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FBRFIPETTE s IR N/P<10, W N CHFRETE ., R
PEARKIHE XY XG0 (B 4), R XER
Zk | IRJZH N/P [L{E S Redfield FWAEIEIT, 439K
16.6 F1 16.1, B & TFZER 7.26 fil 6,98, AL
A2 (2017)%F 38 14 725 5 B 16 S 3R SR i A 1] LA M
ZRI VS ST 2= N/P AN 28.27, 75 T Redfield
FCAE H R T 22, Frlh, PO,-P AHXTERZ 1 Ak B il 14
JUE, MEKZE N/P HIH M 16.44, 5 Redfield Fb{f 3
AR —5 X G ARG 5 30 KA B A ST )
H AR X I A S5 AN R, SR X 2% N/P HE 450
Redfield Hf, AR FrREEYIER, WA T55
B AT 5 MiEkZEE N/P HAE/NT 10 Hit B Redfield
FfE, HPRIAAE Y ARSI w252 2520, DIN 7]
R IR DA DX A 2 A A A Bl R, DA X
B SCE A AR A2 (i 52 D145, 2000)
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Fig.4 The N/P value of the investigation areas in
Qingdao Lancelet Reserve Area in summer and autumn
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LA T B SCE A SR ORI DX SR BRI 25 M A REAIE B SRR 39

%5 B2, £UIREXRZEKI NP HAE S hIX >
SR IX > B0 X, G X RS X 2 K A N/P L
HAe R, HHid Redfield FLfA, MO XNEAR, K
14.18; JRJZMAKE N/P HAE J %0 X >28 wh X > 52 5
X, Bl X N/P ELE R 20.30, B S F 2% vp XAl
SCERIX, & Redfield HUfARY 1.3 fi5. kK, HIHEKX

x3 BFRXEEKEFEIVTREARPERRFAEEXEZTNREE

FZMKM N/P HEAHZE AR, ¥ BALT Redfield
PR, SR b K> A0 K>S0 X5 T 2 K 5 %2
7K N/P AL, IR T Redfield Uil , H%
X > SE X > 0 X Bl LI, foE s
ASIIREX A N/P /8T 10, AL, #kZE4 DIREX. DIN
A8 A V7 AR ) A A B P

AL

Tab.3 The N/P value of different investigation areas in Qingdao Lancelet Reserve Area

Z=77 Season 7KJZ Water layer #.0>IX Core area 22 wp[X Buffer area 5285 X Experimental area
#JZ Surface 14.18 19.70 19.38
H 2 Summer =
JE)Z Bottom 20.30 14.47 12.64
)2 Surface 6.92 8.02 6.78
FKZE Autumn L =
JKJZ Bottom 5.12 9.30 8.61

BIRY R A KRR Z A e g TR s SR
ARBL, AR HEATKAR I E R R FIHEN &, e T
ok KB S BB HLEE, 2016), MR EFHRILIEM
TR bR, XA XU 2017 4F B 2= FIRk S
WA E BRI . SR BN, 2017 F4RY X I
B EMKEEFRAKEHRAC, YWETREFRKTEGR 4).
S A (2014) % T M 785 A e e VAR B IX 1) 8 /K o
TR AT, 2008 AF i P 75 18 2 1 4808 35 /K1 J& B B
TV AEPE B B 5, M 2012 4R B A8 55 REE45(2018)
XoF 3 VH VS U YT B £ ol I B R PR B X AR S B R A
R, 2014 AFsiETE AR X B & B FRRAS, T 2015 4F
F1 2016 X )JE A RGNS AETEE B FRE . 5L ER
PIXAHEE AT DVE Y, 75 5 5B a3 KO I80E 35 K7
BAR, KBRS, FEIE S AR R XA
K, T SCE X ARG AR ER BB 2, Pr LA I
WAL S B HOK AP AE ST A ARG X, AT DL G-
PRYZIIR KT, A S B AR TG Y A TS R M

x4 BFHNEEKEFEFIVTRARKRIPEX
EFMUEEFLEITM
Tab.4 Nutrition type assessment in Qingdao
Lancelet Reserve Area

Ay DIN  PO,P HAWEL — HHEH

Season (mg/L) (mg/L) N/P Nutrition level
HZ Summer 0.067  0.009 16.35 I
#ZE Autumn  0.061  0.019 7.12 I

H 5T SCE KA B A sh W T g B SR PR XI5,
2017 4 DIN 44 &1 B 2 5 T3 ,NO,-N 1 NH,-N
SRR R R Y 1.98 A% 1.44 4%, T NO5-N

1 PO4-P P &L TRk, o hl2Fk 2R 88.8%F
47.6% . SUFAKOK AR HER LLEE, H 229 H)DIN Bk
IR TR K — AR i s POL-P ST T K
—BFRUEM s FKZE(11 J)DIN B KAL Tk —2
FRUE(E ; PO,-P BMAIK 45 F i K — bR UiE(E

WX AR A, P XEER, 2K
DIN ¥ JE AR BEE L IX > LR X > Zip XY
Fadh BkEge . REEMIKE DIN WREE M 8 nhiIX >
S IX > B X o HERZIKA) PO-P FHEZLX >
SIGIX > X, RZHRELEX > X > 0K,
BFRZUEKA POLP S LERIX > ZZofIX > DX,
JRIZEEZOIX > ZpIX > KX,

PRy X 8 FR R 250 AR K- Redfield Fb
HmS S, MRS N/P HLEMKT Redfield HAE, FkZ
DIN AT i 8 R P 477 XV 377 Ui A 42 A A 18 B A PR 7
iE B TE M & B R TEM A ir R W, 2017 5
Z FNAK 275 5 T 30 B oK A B AR S i 9 [ SR AR 9
DO IE FR K3, Y)E T ARE IR,

Cui Y, Ma FF, Xia B, et al. Annual variation and comprehensive
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Bay. Progress in Fishery Sciences, 2013, 34(6): 1-8 [f£%%,
LHAESE, B, 45, SEFIANTLES A BB IR O XK
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34(6): 1-8]
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2007 [Fhe A R0 R 5 Bk s B A A e B R, P
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Temporal and Spatial Variation of Nutrients and Evaluation of the
Eutrophication in the Qingdao Lancelet Reserve Areain 2017
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Abstract In this study, we have evaluated the level and distribution of nutrients in the Qingdao
Lancelet Reserve Area using the results of surveys of the Qingdao Lancelet Reserve Area in September
(Summer) and November (Autumn), 2017. The results showed that the average level of dissolved
inorganic nitrogen (DIN) in the autumn was higher than that in the summer, and the average NO,-N and
NH,4-N levels were 1.98 and 1.44 times higher in the autumn than in the summer, respectively. However,
the average NH4-N and PO4-P levels in the summer was about 88.8% and 47.6% of that in autumn,
respectively. According to the seawater quality standard, in the summer the DIN content was better than
the first-level seawater quality standard, and the PO4-P content was also better than the first-level seawater
quality standard; in the autumn, the DIN content was better than the first-level seawater quality standard,
and PO,4-P content was worse than the first-level seawater quality standard. In terms of area distribution
across the Qingdao Lancelet Reserve Area, the DIN concentration distribution trends of the seawater in
the summer were core area > experimental area > buffer area; the DIN concentration distributions in the
autumn seawater were buffer area > experimental area > core area. The distribution trends of PO4-P
content in the summer seawater were experimental area > core area > buffer area. The distribution trends
of the PO4-P content in the autumn seawater were core area > experimental area > buffer area. In the
summer of 2017, the N/P ratio was the same as the Redfield ratio in the Qingdao Lancelet Reserve Area,
but in the autumn of 2017, the N/P ratio was lower than the Redfield ratio, with relatively low levels of
DIN. According to the potential eutrophication assessment model, the Qingdao Lancelet Reserve Area’s
nutrition level was poor in both the summer and autumn of 2017. Generally speaking, the Qingdao
Lancelet Reserve Area was at an oligotrophic level, and the seawater quality in the Qingdao Lancelet
Reserve Area was good.
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