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AER, BEFEEFFERIMEUX B FRAHIREROZMILH B BERLE R, BRSNS
AT EEEREHENER T 5B TR S EIRZLE K AERR BBMH YN E A, T 555§ xt
ESHRNBAEERBERL. ABBEEN, P ENEERN G AAEBEEMEEHY . Bk, A
A (] B BB M IR AR IR MM X RBEH THLE, XX EEKETE 30
ERXFFEMBRE B FRG AR, RN B AR REMEL TR RS, MEFTE
JLRY 75 JeA8 R A0l B PR AR A0 2 A B9 5K B 5 AT A 15 A8 DXSR A 95 B Bl UG X IR B R E AT S R BT
REH—ESE, WHMBRBAE —EHEEEX.

1 B#|STE

M BIE 30a KIFFFREHIE T EIEEF R TR R (1982~1998) M B KR EL™ MBS 7
PR BRI T 1 BB ST 5 il BT IR BCHE IR T 55T B 5 R0 L AR vl M ) R T L K
BELE T 1982~2009 F 4T AR 40T,

P 25 S48 1 B0 47 BE B R XA JE K I SCRR B4R 2 (8 58 3 LR & SR BE O S B U0, B R
B S SRR B AL S, F B B (] B8 B2 b 0L T SPSS B4 43 31 204 T 36 M ¥ RALE . BHLBE.
ABELLA COD b 5w Mg 4 85 B (Y IR b B 28 4L 2 ) R A SR 4.

2 ZREWE

D AR Bt Ar B EBEE X - (1) NI 30 SF AL BERER 43S BE i) COD K #1384k 5 (2) 3EM ¥ v i
YRBERATA OFEMNBERYMHL IEHGENRREEIBEREERNRIPEL. £RiT8
mF.

2.1 FEMTARERBET

RHEIE 30a KX MBI RERT R, 4T THEMNE XA LB AL .COD RESREE
IR ERY KK,

2.1.1 EMEBEAMESEFRBLER

ArATIE 30a RFEMBEXKPENEAFHEED
b, 8RR . (1) L4 80 A FFIH, M L
AFHERPTO0.2mg « L7, FE&—LKEKKER
#;(2) kitad 80 SEAKRE 90 £/, BNA LK &
B 0.25~0.35 mg » L' 2 [, AL EFBNE g
Y5 e R NS Y B 5 (3) LR 90 4R AR R B9 R Foa G
HLAFHE /AT 0.55 mg « L7, AL F &5 K 24444
L RE W KAKRE; (O LA 90 FERAEARHL
PISEME XA FH S B Y 480 1N EEBI8EE | EMBEAET S B REEL
WELLUT BEXBF LA, X—REHTNRET Fig.1 Long-term changes in the average content
P BRI EFRNLE; (OB A2 2009 of inorganic nitrogen in the Laizhou Bay
FRENEESEXE 1.05 mg« L7, @35 WEEKK
FARHE 2 5 B EF EMNBEKPENERELT T HEKBENET, B 2009 £E X2 H B4 M
FMg KRRV TFFEERKE. BNBENEAFHEEKHUTHRAE 1,

2.1.2 RMBANGZLSERATL

M L4 80 A BI AL 2009 F, MBI TLHEEE BEMEMEHE, M 1982 44 0. 067
mg + L', FE{RE) 2009 4£69 0. 0075 mg « L™, R T3 10 £%5:HB — AR . 7 1990 K K 20 g4
P JLERENE R, EMNBELENB S BIFREFENSERERMEE, TREEF TEEKE,E 0. 045~
0.055 mg+ LT'ZH, XEXENEAFTEEZNBARRFERBEERER TRIEY &, 518 20 24K L

of IN

rage concentrations

EHUECF I it /mg-1
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ERMBEKEFRI BT N BT S BB R 2,
2.1.3 EMERBLKRY TR "

SN P MM B B AR L B T 76 L 22 80 4R AX .5
E 90 FRKME T Redfield MIE 16 4b, KR KFHH o F ool
Bt B LB L 08 85 T LA 5 47 T+ 76 0 B 28, LB LU AA
1982 424 4.1 BE T 2009 4E 49 199, YL BT 5 M 15 ¥
KM B 90 4E A B RIR BB A BB A, B
S EHEAE 90 SRR LR B K4 B B AL T B
FRB ETERREAARMENAS. BERY

01 Years

FERERMET KM, X2 EHE 90 R LIEIM 2 EMELOBTHERRMTWL
BRERANBE. ENEEEEABILLEHEHTAR Fig. 2 Long-term changes in the average content
& 3, of inorganic phosphorus in the Laizhou Bay

2.1.4 %EME COD £k#% 4

t FHARMRE , B T L 90 £ M B COD 24L& L , HorP RA 1992 4£.,1993 4E#1 1995 4F
# COD ZBMAE—RBAKKEIRE, RREMH BT LB KKBRRE, FEEZER MY L, 5
1997 £ COD ZFE#EP 3.6 mg- L7, B TFHEIFHAKE. it 00 K ME COD 4L E 4,

200 = 40+

150-

nolar ratio of N and P

B3 M RABEER L RAEL B4 L4390 /UM COD %

Fig. 3 Long-term changes in the mole ratios Fig.4 Interannual variations of COD in 1990s
of nitrogen and phosphorus in the Laizhou Bay!'®?"! in the Laizhou Bay{*#14?

2.1.5 EMBELEBIFTERA
KNEZEERERAAR, KBS ELBREBMRT—REAKFERE, Fitg 90 EA LR, B
&J8 Pb HBIRIAR,1998 4 Pb @R R A 7300, brMEHR L 1. 410 5E4EK CuZn S BE B EH MBS,
HERANEEELBELRY.
2.2 KIFERERTE A E XN
2.2.1 FEFRFBEFRG YR
ABEBEFFHYAERKWLFTERE EMNEERLAN TSI BF MY BEENT
A1) YR R R A AT A LT S ECEM B WIS R, R RER
MEBNEZEVFREAY . AEYEN - EE-FHIY PP REEX(NRANENS - HBEIYE
HERXRMERIR GFEANFTASE ., PEIBNEREYLFNELRIK . FEEYEKERSE,. H8Y
B FE-FHHY > KEKE, KR KBEELHE EEHRE A, Redfield 18 % i F 3k 3 b5
BERHEEYAEROREEERED Y, YK P ABRERLLET 16 0f, B 2RI 4 K 8R4
HEFRE G KT ABERILET 16 6, AR FHHEYEKOBREEESRL, KRR EFE 95
ERBHHYERFEENE EVBHEEEREN TRA BN 5. 71 0. 58umol » L™, M& . BB H
W BT R E T Re, N e BB A £ K, BB LA 12 WA A 1 B R B o B SR ah e
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BB XX TFRMBSABLAME S BEE, TLIA R 20 HE 80 FRMY, FEMEEMBETN
RAHWEBEIRT 5. 7lpmol » L7, MHFBELHBER W EER T 0. 58pmol - L7, HIZM BRABE LLIEF Y
H 8. 3,f& T Redfield HLH (16) , H ik, B2 20 #H42 80 FAMMF WA E KRB EERE. 20 e
80 FERAK LA , SEM ¥ EBE LL 39 T Redfield HL{E (16) (LA 3). B, 20 4 80 SFRKLUKBER
R FHEEYEKOREEESRE. ELTEK, FEFHEDNERB R ARG, 2%
EHRER S 4N RE RS RAE DR EM P IR HRHTY . B R S b O A RN B A s
AR EEXENEYEFNSE, FREIENRYRENHE AN BARNBEREFRRBE VL REEDH
HERFEEB, URKEKBREREFRR RELFNEEVHOREEHA.

M RFEEFRERE, BRFEET RERKBNERTELSNERER MR M, HE TS H
BEEMTHHREBEE. FNBRHEYHOFHEER BN TGS, 25120 1960 4 27 J& 65 F,1982
ER2TB 6L F,1992F K25 BS54 FM,1998 FEH 20 B 45 P, B 2009 E R 20 B 34 F(E 1D, N
1960 8] 2009 &F M, FREMRN B R EDEYSHERBR FERE ITEL LA TRHNES,
JLFHR 2009 FRER T BARE 1. M 1960 3] 1997 4, M B ALY BHEEIRPERAE 1.5~3.5 WIE
HHEMN,1998 F LAY B I EIRAL T BARK Y BR 2002 S£195 B 80A BT B A 4 (X 5 3 et BE
MBABREFRELRIFY A, 7E 1982—1998 |, BB, HURMNBZHEYHFE
FEW D , FIE R EF R RS ERR R B ,1982—1998 SEH H I 1~2 M WY & B HBERY 605~
800U LR . G LR RNBFHEYANERL LRSS  MEMBENENZETHL, XFHAZR
BRRESKENGES, LEIIERMNB B TR, NGIREBHENR.

F1 ENEEHEVREAB FERANDIERSHEEESKATL
Table 1 Long-term changes in species number, species richness, evenness and diversity indices of phytoplankton

in the Laizhou Bay

m A
Item
Ry B3R
Total number of genus
MRS
Total number of species
FEARRWD
species richness index
BYEHEHED
Evenness index

EYBRAEREHD

The biodiversity index

1960 1982 1992 1997 1998 2002 2009

27 27 25 / 20 22 20

65 61 54 36 45 45 34

3.28 2.37 2.62 2.08 2.3 2.87 0.62

0.67 0. 56 0.49 0.58 0. 36 0. 64 0. 56

2.98 2.14 1. 86 1.73 1.24 1.61 1.15

BER-FE EXE-PE AEAPE EXPR BEELPR

i 3 B
R * * Diatom+ Diatom—+ Diatom+ Diatom~+ Diatom+

Dominant species Diatom dino flagellate
dinoflagellate dinoflagellate dinoflagellate dinoflagellate dinoflagellate

2.2.2 EA4FEFBLFTRAGY A

W R BEE 3 FM R AR, Z R R A E AP TR E AR FNFE L2 6 AR
ERBERLBLERANAR FREINER, HBAETEERYWES BRI A%K FREFN
FERNBIEER,MREZAESHLAFANDEEE A BIEREYN KPR TR TFTRANSLYRE
SEMOKPIETE, LA EMNBRBEZTHEERS AR, BB REXEE LB RRAFET
BRKEM, EYMBHERZREYNMENRTROER, X FREME, YHEE— S, MRS
TR, HEEKER/DN., YRTERTHERN, ZAHFNRAEFRESE . 1982—2009 FHEME
MEBEEKERLE.COD MEHELBRNESTHELAMNAR FREMDNELRRHEGHBEMBERBEL
R, VDAREIFBHMBEMKEREN.
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2.3 EMEBEBLRAFEKHMEL

BRI 30 FERXRMBBEA TR BETR, T RN B RIRYF B AT/ FREEF BAH
BEHBREBHREBEDEHEEN KA LRE,
2.3.1 RMEBERHHHEKHLA

M E#E 80 FRMEB 90 FAR,KMNBBRYHBHRBEEZFEB D HEE, M 1982 41 56 Mg 3
1999 4Ef 32 #, FHUEE 1.5 HAEER ;1959 FHREREE REMNBHwEYFEN 76 #,40a
JEH 1999 /T 32 Fh, MPORAS T 58% . FMBERYFEKHELLES,
2.3.2 ENBEBef FREFERBTL

HEMBEGR AN FREAFHKEZFRDEBE A 1982 41 27 g 2] 2004 £/ 11 7, FHE
FEJA 0.7 F ;2004 FEM AN AFHEARI BN 1982 F 1 40% ., FMERG AN [FHRAMBKYEST
I 6.

B 28
8 26 ‘\§
e 2 2 \
2 504 = - 22 \ N
2 = 4 \ \
~ %40- = ?; fg §§§ %
w2 =] & 16 \ \
-8 E GANNNL A
= I I B R RBR
=] 104 = = j ?§\§ % AN \ \ \
= = 4F 2R
; = = ‘\\\ L \\ \§ &
13923“2m ol 19824F 19834 19914F 19934F 19984 20034 20044
RS A Years
5 FEMBREYFEEHEL F6 FMBAB/ FrRAMRKHEEL
Fig.5 Long-term changes in species number of Fig. 6 Long-term changes in species number of
fishery resources in the Laizhou Bay fishing eggs/fish larvae in the Laizhou Bay
B . [2-3,33-34] Bk . [28-36]

2.3.3 RENBRELUBHSHATLEERBEN

BAURSSHBRERERCEVNRBEEE L RROER, EMEHBIERN, N L4 80 4
RWE 900 FRK EMNBRAUHEZ N EBERRETHREZUR . FIHIEE OV EREUTHRBEEEE,
M 1993 4Ef9 62.3 kg « h "B FEB| 1999 4E/ 6.7 kg « h™ ', F-I4EME 10 kg « h™' ;1999 sE AR IS
HEBKEMN N 1982 FH 5. 9%, RMNERABHZHERFERHTHRAT,
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Fig. 7 Long-term changes of catches per unit Fig. 8 Long-term changes in inshore catches
of effort in the Laizhou Bay!?®:¥%] in Weifang City"")

2.3.4 By TLERGERPEA
B mEL S RERR, EHZ 00 FRAKUM . EEREZ N RN, BHTSEHSLER
BAEH MBS HH BN 1989 £/ 23 77 « 3B 1999 &1 40 77 ., FEF W+ L4 B AL R 7E 40~50
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Ftzh, x5RELHEEERIV“BHEKERYES. 00 ERUFH. BXEMII ST EHE . X 5KE
WHEER BV AETRERTEEEXRR LLIEYI T 1994 M 1995 F54E A6, 1995 Fim /=
13, 01994 FinERHEE O N W2 BEN TSR ZERB B MERE, £ BHK”
HENAHRT . EEHSEZFR COETURMRY, AT ESREEERMTHLE S, EEHER
M 1989 4ERY 18.7 7 t WA B] 2007 FEMY 1.6 1 t, BERBEAEMAG T, EBHEE TR, HLE
HHELERL .
2.4 RERBSBELFFREXMESH

B it f|] B8 BE b R SPSS 344 Bl i TRM IS THLR VLB A B A1 COD L 5n e
BE Ry AR 2 ] AR .
241 RBERELLEHFEHMAHN

AR ERENBBIVRELARNEERB, AHEE N ERMEENEMOERT  EEHE
EZRERLRAEMNLEEEVRRELBRZEER D, NEEE ST, EEREETHAEXNEAFY S
B AESEMNRAMEENEG=—0.672, P<0.05,n =17);ME5XNBIEHNSBEEEEFMAX (=
0.625, P<<0.05, n=17); S EBELLAHX M LLBITNEE B E (r =—0.743, P<<0.05, n=12); L%
BEE COD EHEEMEKARHE (»r=0.309, P>0.05, n=10), LBAE B L EEMIEMNEIEERIL
HWREBENXBEER.
2.4.2 REREHREDAKGHMEN

KMBRIEDHBEZFER L, HESRBEL G =—0.899, P<0.05, n=5)f COD § & (r=
—0.716, P<<0.05, n=83)FHABEMNHXE; MEXNE(r =—0.132, P>0.05, n=5) . LHBEC=
0.784, P>0.05, n=0)MHXMABE. HHAAINGELYEREERNENESBERYMHBENEEERE.

@ ;3 ) 098]
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1.0+ P =0.003
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Fig. 9 Correlation of catches and environmental factors

a) TLHLE Inorganic nitrogen; b) FHLBE Inorganic phosphorus; ¢) B#ELL N/P ratio; d) COD.



88 W OHE OB W O#E 20144

(b)

g

2

=
i

Average concentrations of 1P
o o
8 %
: :
L ]

SRt
°
8
. ¢
/ L ]
.
JEHUBY -1y & &t /mg e L

r r - T v T T y T T T T T T v ]
20 25 30 3 X 45 50 55 60 20 25 30 35 40 a5 50 55 60
AR B2 (FH) The number of catching specics HARDF B (FP) The number of catching species

y=-2.118x +127. 560
P=0.038

y=4.140-0.058 x
R=-0.716
3.0 P=0.046

BB L Mole ratios of N/P
N
&
coD Y1 5§ /mge L
ntrations of COD
N
o

Average conce

.
20 25 30 35 40 45 50 55 60 20 25 30 35 40 45 50 55 60
R AR (B The number of catching species HORPIER I (B The number of catching species

10 FfEFEETrHMEXNE

Fig. 10 Correlation of species number and environmental factors

a) THLE Inorganic nitrogen; b) HL#E Inorganic phosphorus; ¢) E B N/P ratio; d) COD.

3 &

KMNBEVNAFHEREN THRKDEHEL, B 2009 F£EBEH LB KKERAE, L& FrEITHR
RE TV ENESENE SEBEMER AR 772 L4 80 £ H 90 FRu F LB A H (3
16 : DRKEN EARKB o BEABRLRES, MEFZEARTHBES; 00 FRRMWOBEFRMBE
CODHEEBHEI T —RBKKEIRE L TFTHESERES;FMNEZESZRERAAR. ARLIELRES
BIR T 2B AOKERYE, BH4E 90 ERLUAT,.ELE Pb BRI R . EFEX CuZn SRAEZEH M
B,

20 40 80 FEMRRLRBEEMM B M B R WHEDERPRFHEERL. EJLTERFHEHEYD
MR ETABRE, P EYBACHERSEWNRBEZLET AR ELR SHE. ¥ X
EHRYESEN S PREXENE YRR MR THENEEER B EREYHEENFER.

EMNEBFWHEDOHEE RN TRERESE, 250 1960 4F 27 |8 65 #,1982 4% 27 J& 61 f,1992
£ 25 )8 54 #,1998 4R 20 /& 45 F, 3| 2009 4E K 20 /& 34 F. M 1960 £ F| 2009 4E 6], K @ E ALK
MAEMEZHEEER FERB IYEEEIE THENEYS, JUH R 2009 FRE2 T HRMK. M 1960 £ 5|
1997 4, EMN BB HYA Y S HEIREERAE 1.5~3.5 MIEFTEEWN,1998 4 LA G4 Y 2R 5 AR
b F ALK . B 2002 35 R ECR BT 5h, 72 1982 —1998 4R (|, 35 B 5 JUEB &K . R BASEM
BREEYNMHEER D, FNEEOREERINHE, 19821998 EXHH M 1~2 HFHHEY 5 B
MEBER 60%~80% LA LRIBLS

MR FHEEZER L . FHRLEEN 1.5 M AN FHAMLIEZER VER, £
W07 GRS N EBKERN LA 80 FRIEB 90 FRARTREEHHE, 1990 FREH T
BHERE FHEMEI0kg s v EBHEEZEFRD AVEGTHEBHEGERMN 1980 £ 18.7 1
tWDB 2007 LT A, SERMEEML . AR SEBHGEFAEEEFNMEME( =—0. 743,
P<0.05, n=12), i BB L R WMEMNBHRIFHERLENXBEE AR X COD § B 5k YFh
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BEHFEBEMAEQ: r=—0.899, P<0.05, n=7; 2: r =—0.716, P<{0.05, n=8); LB M & ¥
o F R BHRZE Y REREL,
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Analysis of Long-Term Changes in Fishery Resources and
Environment in the Laizhou Bay

ZHANG Jinfeng" ?, GAO Xuelu', ZHUANG Wen', LI Peimiao’, and ZHOU Fengxia'
(1. Yantai Institute of Coastal Zone Research, Chinese Academy of Sciences, Yantai 264003, China;
2. School of Chemistry and Materials Science, Ludong University, Yantai 264025 China)

Abstract: Long-term variations of environmental factors, phytoplankton, fishery resources as well as
their interactive relationship in the Laizhou Bay were revealed based on the data of the past 30 years.
The results showed that: (a) the average concentrations of inorganic nitrogen (IN) in the Laizhou Bay
experienced a transition from a low level to a high one, worse than the seawater standard Grade IV of
China till 2009; the average concentrations of inorganic phosphorus (IP) demonstrated a decreasing
trend, and the mole ratios of nitrogen and phosphorus were higher than Redfield threshold (16) values
for most of the time; (2) since the late 1980s, phosphorus had become the nutrient limiting phyto-
plankton growth in the Laizhou Bay; the species number of phytoplankton was in the reduction trend
and the structure of phytoplankton community tended to be simplified; (3) the species number of fish-
ery resources reduced by 1.5 types annually; the species of fish eggs, fish larvae and juveniles reduced
by 0. 7 types annually; the catches per unit of efforts dropped by 10 kg h™' annually; the inshore cat-
ches declined every year, from 18. 7 million tons in 1989 to 1. 7 million tons in 2007 only in Weifang Cit-
y; (4) as the nutrient limiting phytoplankton growth shifted from nitrogen to phosphorus, the domi-
nant phytoplankton community in the Laizhou Bay evolved from diatoms to diatoms and dinoflagellates,
and the food chain maintained by diatoms was weakened and the food chain maintained by dinoflagel-
lates was enhanced, resulting in a higher trophic level of recession in fishery resources in the Laizhou
Bay; (5) compared with other factors, the mole ratio of nitrogen and phosphorus had more significant
correlation with the amount of inshore catches in the Laizhou Bay (R=—0. 743, P=0. 003, n=12);
the mole ratio of nitrogen and phosphorus and COD contents had significant correlation with the species
number of catches (1; R=—0. 899, P=0.038, n=7; 2; R=—0. 716, P=0. 046, n=28); the mole ra-
tio of nitrogen and phosphorus may be a controlling factor of the total amount of fishery resources in the
Laizhou Bay, while the species number of fishery resources reduced with the increase of COD concentra-
tions.

Key words: Laizhou Bay; inorganic nitrogen; inorganic phosphorus; phytoplankton; fishery resources;

correlation



