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Abstract

During August and September, 2019, three typhoons Lekima, LINGLING and TAPAH successively
crossed Yellow Sea area, influencing coastal waters of Rongcheng City, Shandong Province. In this
paper, the changes of hydrological parameters, nutrients, microorganisms of surface water in
Sanggou Bay and Ailian bay before and after three typhoon events were investigated. The results
show that three typhoon events had a significant impact on the investigated sea area, increasing the
concentration of dissolved inorganic nitrogen and ratio of N/P value by 43.62%, 144.73%, respec-
tively, but not the concentration of dissolved inorganic phosphate. And the phosphorus limitation is
exacerbated just after typhoon. The correlation between the occurrence of typhoon events and
concentration of chla was significantly negative (P < 0.01). Typhoon Lekima and TAPAH signifi-
cantly reduced the content of chla by 47.41% and 81.52%, respectively. Aqua culturing with dif-
ferent species could affect the water quality and biological composition. After typhoon events, the
N/P value of none-algae breeding area increased greater than that of algae breeding area.
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20194E8~9H, @BERFMFL. BENKRK . BEXNEC AT RS, PWEENERIRE
RETT RGHER . AOOREBEET S REHHERNE. BEBAEFEEXKERK. BRI, #
AYMESHERAN, SRR : KRG RS SIIXH AR 4 B R, R8T T 43.62%,
XTBEREE B A —2, HEN/PLLFIGRF T 144.73%, FEERRAIME T BRHAR; GREESH
BRREEIREZ MR < 0.01), MHFIAEEKSRLHNEKEFHFRRNSREEREKT
47.41%- 81.52%; FFENMREBEMFEXKIKBENEMMR, SREF)E, TERFEXKIN/PE
RABEEETERFEKX.
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1. 51§

& XE — N EIZLEHE SO BAE RS, Had BERe a8 5] #eilg KK S0 I B 8 A8k, B2 B
BHKRE, MEEHEKC. B KNV FEHE . IFREAT & AR R[], AR R LR
BR BRI BRI T B IEHIR TR R KVE OV RIS, TN BN S AN 2], EESE
PRERHA T HM D507 . “IESE” BREEEVD BRI, SR RITEHLE. AL X & X
G R RT3]. 6 XIS EEATS R I TR R RS (R R A I AR K [4] [5]. Shi AT Wang [ 7t
FWH, 2005 4F 4 X, Katrina 75 2 i S8 74 2RS 5, H4EER a M 0.3 mg-m™ F+£] 1.5 mg-m™~ [6]. £} %
VESE T T DL PG A6 SRR IREIEAE 2000~2007 A2 R AR I B IR G RGBT T RG0 0, ZiREHE R
BRI R a RO IHE K 1.426 %, DA IXEAE 5 5 LA E[7]. Son ZERIRE LN, & XdEE
MR R TEHUE TEHUBRR 2> BI3G 0 70%. 90%. 40% [8]. {HE|H AT NIE, £FxF & KR ZiEK
(R FR 20 B T R 18 s, SCIME AR AR AN A2 o

SVEMZEE AT IR BRES, BEPE N, S, SREIL H LR KIRHE
FHh o M 20 tH40 80 A AR Sy S 5t T 4 i AT KR V7 A 778, 32 B3R5 AP 25 My (Laminaria japonica)
VL& (Gracilaria). #ifLks Ul (Chlamys farreri). 41#(Crassostrea gigas)#ffl(Haliotis discus hannai)%. it
TER, HIT S I AR K i T 4 5 R T 2 0 R R, 58 7 Y R 527 S A W el ) g K 77 B B R B 2 EEAE
MK B S IR R A D ERA, 2 RIS Z R IR R B A . R
WL R GHHE, R R I RS & R R FE X —, W FREERE 7~9 Ay, TiAKER
XoF SR S JE A0 X PR R U D AR - AR TR AR T X TR L . U B3R5

ASCHEN & Mo B2 X R Z KA =R B fom, FREFINE T 8~9 AMm RN, ZEBMIRESHL,
ST T B AR SVATE TN Z SV (PR K ST E IR AR, WP GRAER A T R 6
PG R e SRR AL, B S AR ORI F A
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2. MR E
2.1. WS AR ST

2019 £ 7 J1 31 H~9 [ 19 HFARIRAELE SIS | 2 SE I HF IRk SR SR b 06T 1 B RAE B A
b ARER, HRBE 12 ASSREFSEAL (R 1) RN RE — k. RS YSI556 2 2 HoK i il (I 5 1
IKRIZMIE . FRRE WA pH SIS A HpKIE Y] 38 ve (Secchi)iR ., RAIEARN 30 cm HIH
IR E -

Table 1. Characteristics of sampling stations
= 1 B AHE

DA G a4 Eiiipa FRIEAKA
AL-1 122°34'7.99" 37°10'25.38" FAEVEAL X Ji N

AL-2 122°34'13.87" 37°10'17.94" EVEBCX %

AL-3 122°34'32.41" 37°10'12.17" FEEVER X UL+ Y& )
AL-4 122°34'56.71" 37°9'59.69" T X VL (M)
AL-5 122°35'49.17" 37°9'26.66" FEE X fif] + YT &)
AL-6 122°36'30.04" 37°8'32.66" FVEL X ] + T8 G
SG-1 122°35'6.41" 37°8'48.51" RIBTBIKX TLE ()
SG-2 122°35'46.32" 37°8'46.31" R R IX T8 ()
SG-3 122°37'21.54" 37°8'20.39" ST X TLE ()
SG-4 122°33'23.16" 37°8'49.53" RIBBILX 7

SG-5 122°33'30.61" 37°8'15.61" ZVPE X %

SG-6 122°33'39.04" 37°7'42.39" FIEEX 7

e IRXFRKIRTE 10 m BLPY; S IXHR/KIRTE 10~20 m 2 [i); & XFE/KIRTE 20 m LA k. {LEGEH) IR IO E (4~6 A6, #IRILE,
FEREIN, FRAXIRUNTEFRANE, AA /NSRRI 5 5N

2.2. BFEEhNE

RN UG A7 R ETRE N 1.5 m (3R 2K, #8 2 h s [ S5 s 78, 5 7 77 Shik BE A AE Y 280 . NH,* -N
W FE I 5E SR VIR TR 4 AU AL 5 (GBIT  12763.4-2007), NO3 -N & B il 5 3% B & & - 18 &% (GB/T
12763.4-2007), NO, -N Wl & K F 8% - 4710 J52:(GBIT 12763.4-2007), B E (PO, -P) I & K FH
FHE 7 N6 VA (GBIT 12763.4-2007). S EHLEIRIE NG 2L AHBR SR AN AN ERIRE 2 A, TEHL A B R/
(N/P) LA 1 S TE ML R 5 A e TR 52 1 LR o
2.3. £s¥NE

H- £ XU 5 0 5 SR TR R R B 20 ' Y B, R RS SR 4 1 2 BN 52 K 2216E PR AR it 4k, v
4 759G =F £ I 52 SR F) TCBS “FHR A 1%, 9G4 1 %= L (Ratio of vibrio to bacteria, V/B) AT 197
SICEE 32 P A AT 55 %40 B =F 0 LR .
2.4, RS

K SPSS 19.0 B HEAT B R & 7 2243 B (One way ANOVA). <123 #7 (Spearman) FIEC X #E i T
3%, p<0.05 AHZEREE, p<0.0l AZEFWEZE. KA Sigma-Plot 12.0 HAEE .
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3. &R
3.1 HESH

FEM ISR, S =k 6 KOG S AN 2 ™= AR Re i, 43 ) i i 5 IR B 1 (Lekima) (8 H
10~12 H). G KNI (LINGLING) (9 A 7~-8 H) K& WL E(TAPAH) (9 H 21~24 H), HeR#FHE G
DA 18 25 ek PR 5 1 i Ay P B . I ] 1, AR IR RS A R GV i AT R A 2
S0 (R B http://hyj.shandong.gov.cn). BATEVR &°FIME N 0.84 m, RS & XU BElTE]) . & K58
FEWE, =R E R ER I EORIR &5 3.84 3.20 2.4 m.
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Figure 1. Wave height and wind speed during experiments
1. ENEEERS. MEAZEK
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Figure 2. Temperature, salinity, transparency, pH, dissolved oxygen and Chla during experiments
2. BUMEREIZKGR. M. ERAE. pH. BEE. HERFaKETK
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Table 2. Averages of parameters of low, middle,

2 FEEES. b REXSHTHE

and high regions

Parameters Low region Middle region High region
Temperature ( °C) 23.72° 23.44* 23.12°
Salinity (%o) 32.53 32.61 32.70
Transparency (cm) 287.87° 171.47° 144.48°
pH 8.05 8.06 8.08
Dissolved Oxygen (mg/L) 8.14 8.04 8.07
Chla (ug/L) 1.87° 1.12° 0.97°
NH; -N (uM) 2.18 2.22 2.00
NO; -N (uM) 11.90 12.10 10.90
NO, -N (uM) 1.41 1.58 1.82
TN (uM) 15.50 15.91 14.73
POY -P (uM) 0.29 0.25 0.31
N/P 134.96 137.85 95.94
BA (cells/mL) 10390.77° 6043.19° 6362.04°
VA (cells/mL) 1154.78° 322.00° 192.61°
V/B 0.11% 0.06" 0.04°

W ARAFRMREZEREE . Lowregion, {KIX; Middle region, H[X; High region, f&lX.

TERAEAN], KU B SRR EE AL L 2. R Z/KIR AL TSN 19.90°C~25.80°C, “FHIME N
23.48°C, REREKE NI, RIXIEE(23.72°C) > F1[X(23.44°C) > FX(23.127C), HPRX GEX %
REEP<0.05, PREFFTZEMT, FH), Wik2; RERESERKAETREMNEP>0.05), 1EHEEK
BREE, BRI E@p <001, FOWMFES TR, TFRE), MHEEXET—CREEFIIME T & 2.33%.

R A8 Ak Y6 FEL A 31.00%0~34.00%0, “F- 351 9 32.6%0, 5 55 5 7K I 34 0 77 s A7 16 1, 01X 36 % (32.53%0)
< X HJE(32.61%0) < #hJE(32.70%0), & IXBERAEE: HESE KA EMFAHIL(p <0.05), i
BT G, R 2 (p < 0.01), AHEL & KUET—JCRAE-FEIE R 4.24%.

% W BT AR AL TE A 85.00~550.00 cm, “FI9ME N 213.22 cm, 3% B B BE K IRBE I BAAS, K IXE W
J%(287.87 cm) > H1[X(171.47 cm) > & [X (144.48 cm), HPEXG5H X, mX Z5FEE(@p <0.05); FEHE
HERKAETEEZEMAKM(P >0.05), =keidEE, EWHESHARE.

pH (A ARG A 7.70~8.32, ~FI41H N 8.06, pH /KR INm& A T, KX pH (8.05) < H[X(8.06)
< @1X(8.08), &XHWERARE: pH 5ERKAETRZEMKEP > 0.05), HSIREMREEMHK(@p <
0.01), G XA LG NIRRT, pH 253 (p <0.01), MG RET— UCRFETIME 5 51 1%
i 3.93%. 2.58%.

Wi (Dissolved Oxygen) 148 1L yE A 5.26~10.77 mg/L, “FHE )y 8.09 mg/L, AKX HIA AR E K B
AR R, AR X I AR4E(8.14 mg/L) > [X(8.04 mg/L). X (8.07 mg/L), %Xz ANEE, BWAS
G MR AR S IR 2 2 7R 5C (p < 0.01), R & WA & Dy A5 & MFL Foid 55 )5 , pH 22K (1) 2 3% (p < 0.05),
AHLG & KFT— JCRFE T8 73 901 FEAIS 19.92%. 3.13%.

4% 2R AR AL TE N 0.10~6.01 pg/L, “FIME N 1.40 ng/L, 4% 23 B Bl K HE I &5 3 PR A, MK
[X pH (1.87 pg/L) > H[X(1.12 pg/L) > F[X(0.97 pg/L), KX ZE =T HXAEX(p <0.05); HEERKE
5 & R RIS FAEDR(p < 0.01), 5k & KFIAF S E G RIS 5, HaRRET R Ep <
0.05), AHEL & KUHT— KA 34ME 7 M R AIK 47.41%. 81.52%.
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32. EFMEN

TERFEWE], B FRERIREATH AR L AR L 3, 1] 40 SToHLEIR BE 1R {0 G H y 4.95~56.44
uM, SFEME N 15.44 uM, X R TR FEART B S, XS TEHL IR FE(15.91 pM) > fIK[X(15.50 uM) >
FX(14.73 uM), F XA ZERARE ;. SOOI ERE S 6 KRR S I 2 IEA 9% (p < 0.01), 58 & KR
A ARG RIS MG, RENVEIREARAR)EE (P < 0.05), AHLL & KT — UCRAEFE 5 3T =
94.30%. 26.63%. (EETHLEH, MR ERIEEMNSy, A 75.91%, HEIAWRERE: & o558
13.92%. 10.17%, SiFX A LG ZRA G WHERE . HEh KO AEER Eh 2 4y (8] i I 23 AR Al e # e A
— 8, B E IEA S (p < 0.01). AHERER. Bedh. WAHERERIRIZ S & KR AE RILIEAH L R (p < 0.01),
Horh, TR EREEE =B I 81 R AR 048 2 2% (p < 0.05), 4 th7E s & KR &5 2 i 58 J5 A b A 2 2 (p <
0.01), WEAHERELTESE & WS B ik 55 f5 A8 1k 2. 2% (p < 0.05).

AR ER I AR AR TE LA 0.10-6.01 pM, “FHAMEA 1.40 uM, 5 X FORERR 2h I FE AR RS i, 1o [X B
THIRFE(0.31 pM) > fiK[X(0.29 uM) > FIX(0.25 uM), FX[AZEFALE; WRIIKRE S &6 KR E 2B
BEIEAX(p<0.01), #EEumE XA A DA G RISFEEE, BRI A (k) 2.3 (p < 0.05), MHLLE
JAHT— UCRFE-F34E 53 5 T 5 90.64%FH F#AK 74.23%. -

TEHLEBE(NIP) AR ALY A 11.86~1710.50, “FI4MHN 126.17, 7EMIIHAN], (U 3 AN RFF £(2.78%)
() N/P LLAK T 16, &1 IX ) N/P LEAEXT A%, 51X N/P HE(95.94) < fiK[X(134.96). H1[X (137.85), #&I[X[f)Z
FBAEE; NP &AL ZBINEE A < 0.01), =XkEXEEE, NP AR (HR)EE@p <
0.05), “FII{E 5 T 101.21%. 295.11%. 37.86% (115 144.72%).

04
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0
0 I d pe
<3 ® s ) 9 » Y 9 © S ® s ) 9 ¢ A\ 9 o
S R S N SUSRS 9-“91 o o o T RS U LN R g
FS\ P\ \ S\ SN\ I\ S \ S\ T I\ \ e N S L \ A\

Figure 3. NH;, NO;, NO;, total nitrogen, POj’,N/P during experiments
[F 3. MomERE St fEERER. TAEERELR. BEHLE. BiEREL. EBittT
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Figure 4. Total nitrogen, PO? , N/P during experiments

4. EEMEAEIZ AR, WERE .

3.3. AIEFAEAINE
TER

AL ET K

FESAIR], RIREIRANE  RTRE IR S A0 e AR L A A L 5. T IR R ARG

750~26900 cells/mL, “F¥J{E Ny 7934.39 cells/mL, & [X [¥) ] 35 77 4H B v FE AR i vmr, A DX RT 15 7R 20 o ok 5
(10390.77 cells/mL) > H1[X(6034.19 cells/mL). #i[X (6362.04 cells/mL), HA KX 5d ., HXEREE(p <

0.05); FIEEFRAMN A 5 5

ia (cells/mL)

3etd
<
o 2etd
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2et4
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of cul

Se+3
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Figure 5. Abundances of culturable bacteria and vibrio, ratio of Vibrio to bacteria during experiments
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AN

ARG FRINEE AR TG [y 5~4380 cells/imL, ~F35{E %y 636.64 cells/mL, I X )R] 4% 77 9N B ik B2 AH G
B, R X AT B SRR I FE (1154.78 cells/mL) > 711X (322.00 cells/mL) > =X (192.61 cells/mL), H (KX
| mXZEREE(p < 0.05); AIRiFRINEIRES 6 RKA TR EFEM M, =R G RS HgZm A
BE.

SN BE /40 5 30 & L (Ratio of vibrio to bacteria, V/B)ZE{LIE A 0.001~0.34, “F#{E K 0.07, KX K
V/B AR e, R IX V/B {E(0.11) > H11X(0.06) > &[X(0.04), HAKIX Hr. & X 257 5.3 (p < 0.05);
VB {5 & MAEAETEEMFNE, kG Xt B Hm R g% .

3.4. FEIFFEXIBELEHE

AR FRE AN, K 12 AN R AEREAL A 4 X, BV IS IREIX . DUEEFRAAIX . AR iE X A
FRIAIX , BARSH 7 3. it BN &R 7 20007, T R B 20 S50 44 37 5 X Sk F] R BLE. 25 2 5+, p < 0.05.
Horp, DIZFRFEIX (23.77°C) MG F7 5 [X (24.25°C ) 130 5 2 56l 2% v 1 DL 97 9 X (23.09 °C ) FH 4 352 77 5 X
(23.04°C); DI ZFRFH X 1132 W 2 (416.81 em) it 2 i [X HiAth 3 /> [X 48k (<134 174.03 cm); T2 577K 1X (1.98 mg/L)
ANTCFREE X (1.70 mg/L) 1 -2 2 U 2 22 30385 vy 1 DL R B [X (1.06 mg/L) FIZl TR 4 X (1.13 mg/L); ToFR%H
X HIEEE(2.60 uM). EE(17.76 uM)Z 3 = T LR FRFE X (10.34 M, 13.52 uM), 5 HAth 2 M IX 822 5 A
©F: VSR X ) 55 TR0 0 422 (15474.17 cells/mL). AT 575N F 5 (1853.89 cells/mL). JKEE/4H 1
FCAE (0.12)35) 35 v T HoAth 3 AN X3 (SF-3448 43 7l 4 6504.5 cells/mL. 390.71 cells/mL. 0.06).

Table 3. Averages of different parameters of four regions

3. AEEEAE X FE

Parameters All Shell and Sea cucumber IMTA Algae None
Temperature ( °C) 23.47 23.77° 23.09° 23.04° 24.25°
Salinity (%o) 32,61 32.50 32.56 32.64 32.67
Transparency (cm) 211.38 416.81° 191.74° 158.75" 171.61°
pH 8.06 8.03 8.09 8.06 8.04
Dissolved Oxygen (mg/L) 8.09 8.30 8.11 8.10 7.92
Chla (ug/L) 1.39 1.98° 1.06° 1.13° 1.70°
NH; -N (uM) 2.16 2.09%® 1.81° 2.10* 2.60°
NO; -N (uM) 11.79 11.22 10.34 11.96 13.11
NO; -N (uM) 1.58 1.46 1.36 1.42 2.05
TN (uM) 15.53 14.76%® 13.52° 15.48%® 17.76°
PO -P (uM) 0.28 0.27 0.25 0.29 0.31
N/P 126.61 173.99 133.36 114.07 103.21
BA (cells/mL) 7879.34 15474.17° 7849.07° 5725.28" 5938.69"
VA (cells/mL) 629.74 1853.89° 550.37° 415.56° 206.20°
V/B 0.07 0.12° 0.07° 0.08" 0.05°

W AFAFEHMCRZETEZE . All, Frfgubf; Shell and Sea cucumber, U ZIRHEIX; IMTA, DS, Algae, 4i#:774EX; None, &
FREIX .

XA X 4k i) & JREE A AR BE EAT X ATHE, TERTA S8R, CS AN X N/P B 52 (5 A7 AE 2 2 22
S (p < 0.05), &R IIZFREE X (770.60) 14 FHE 22 625 = T 951X (173.35), S HAh 2 Xz &
ARE. AEGRIRE, NSFREXATEFREX MR MEeEh. R AL Z sy = T DR
DXRN5E R FRAAIX 5 T WA A ) 5 SR DU A 2
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AR

4. g

AREREFHE T =RE R, Bl S XA & S (Lekima) (8 H 10~12 H). 34 XM F(LINGLING) (9
H 7~8 H) 5k & RIS E(TAPAH) (9 H 21~24 H), X SVATEFI 52 EvE k=L fsgm . a4 REN G
RS PR A e A T R R . o, E IR BN B, SR G RO Bk R BT I IR T
T 43.62%, FlEE G KBS B Eh 5 90.64% (FRF NS LI BERAAK T BERR AhIRIE), N/P LL-FI5{E T2
THT 144.73%. A 045 R 5 O S 45 REEAR —F[2] [3]85 2RI, A, AL 3 KR 55.(2.78%)
[ N/P AEAR T 16, 4k T 16, “FIME A 126.17 (K 3. & 4), X Ui W A i B 0™ H B,
TEHUBE ™ A2 IR, N/P HLAE ™ B2, JUHARIX (134.96) A1 [X (137.85), {H 132 B 414 N\ AT BE 2 1 25 it
WEE BRI KRE . — X5 OH RS HE SR —89] [10] [11]. FE=XREXSHEE, &
FRERWR ) BERT, K AR R E R E S TN, SR EH NP B . &R
ML RIMERHE R BRI BE5RT T ONEIREE, T iR S /N 2] AAE & XUt 853
JE B ZUCRAE (20 10 d), N/P LUI R TR, e shyk FEAE B WS A2 RIS T+ = a3,
FERFELE T, M EL B WD RRE S BEIR 2R IR $2 T T 410.00%, N/P BV P08 th B N WIUA1E 1) 14.88%.
LREUL, EIEEE, &SR B IR EE TR AR T, ZERI (R IR T BRI 54 N/P L
22 PR T RE 5 6 X1 R KA 0%, (HEAENLEITA T .

— AR, B RGBTSR ETHR R AR R A K [4] [5] [6] [7] [12]. BRiRE RIRFRIE5E)S
4R IR A BT T 70.25% ((H 2 J A RE)Sh, Mok G KRBT SR & XS EL T B85 B35 BRI T /K 4
PRI SR 2 )& (2 HIPRAIR 47.41%. 81.52%, p <0.05) (&1 2), 1y EASSHE M 4 Rt Sc RS 20k 5
G RRA RIRRZE ARG (p < 0.01). IXFTRESTLERIFREA R, KANGE G ERRE RN, B
PR EALES " [13] [14], M2 AR 55 ILAE 6] B S8 VT3 ToAL 2 JoH U 1 25 B e ik 80% LA 1 [15]
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