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Tab.1 Statisticson the incidence of mass fish mortality occurring at Laoyehai Lagoon, as well as the climate conditions at that time

1993 4 (2002 , 281 ( , 2005)
, 1857
1996 3 4000  ( , 2008) , 367 ( , 2005)
1999 4 40 , ( ,2008) , 231 ( , 2005)
1200 , 627
2003 9 200 , ( ,2008) ( ,2003)
2000

2010 3 (2010 30 , ( ,2010)
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( XN2008 XN2009  XN2011 ), 3

1
40 ,
1.1 , 7
i : , (
7 ( lo), 2008—2011 ) CY2009-1 CY2009-2 CH2010-1
7 ( 2) 2009 XN2009 4
( ,2009), 4 2 1.2
( CY2009-1 CY2009-2 ), , 5L
40 6 Niskin 1—4
CY2009-1 (3.2m/s) 40 Multi350i (
( 2.9m/s) , 12 WTW )
CY2009-2 0.8m/s 2010 , Ap AZ
( » 2010, ‘ ap (Tomczak et al,
2 ( CH2010-1  CH2010-2 AZ
), 40 1994) (Dy), (K)
172, 2/3 2008 2009 K=1.44/Ds;  (Holmes, 1970), (Do)
2011 8 1 D=4.61/K (Cloern, 1987)
x2 AURBUTHEIBIE REFEMSSRIRR
Tab.2 Monsoon and climate conditions during cruises
3 40 3
4 4
(°C)  (m/s)  (mm) (°C)  (w/s) (mm)
2009 ( ) CY2009-1 b2 2009-04-02 234 32 2987 24.9 2.9 55.8
CY2009-2 b2 2009-04-14  26.5 0.8 409.5 25.5 2.7 74.6
2010 ( ) CH2010-1 b2 2010-04-28 24.9 0.7 54.2 26.6 2.7 105.6
CH2010-2 ! 2010-04-29  26.3 0.8 54.2 26.6 2.7 105.6
XN2008 ! 2008-08-12  27.7 2.3 251.1 27.9 1.9 219.0
XN2009 2 2009-08-05  30.0 1.2 281.6 28.1 1.8 173.3
XN2011 ! 2011-08-20  28.8 1.2 181.3 27.9 1.9 249.7
1: ;2 ;3 ( * )
(http://cde.cma.gov.cn/home.do); 4: 30
1.3 (<10pm ) Becton Dickinson ) (61.0pL/min)
(Pan et al, 2005; Reul et al,
20pm 3 20006) ,
(3mL) (1% ) SYBR- I ( Molecular Probes )
15min, , 1 : 10000), I5min
R (15.4pL/min)
1.002 2.139 9.816um ( Polysciences (Pan et al, 2005) ,

) , (FACScan, TE (10mmol/L Tris, Immol/L EDTA, pH=8)
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400—1000 SYBR- |
80°C 10min
(Pan et al,
2005) FCS Express
(FSC) (SSC) (FL1)
(FL2) (FL3) ,
(<10um) ,
1.4 (>10pm )
, 1L (4% )
, , 48h,
30—50mL ImL
(Leica DMIRB, Leica
)200%  400x
>400 , <10%(Li et al, 2013)
(1980),
(1965, 1982, 1992)
Tomas(1997)

(equivalent spherical diameter, ESD)
(Hillebrand et al, 1999)

K —4r SNE (MFETIEKX)
®-5F
-6 [ CY2009-1f71R

1.5

(Prochlorococcus)
(Synechococcus) (picoeucaryotes)
53fgC/cell (Campbell et al, 1994)
175fg C/ecell (Veldhuis et al, 1997) 975fg C/cell (Recker-

mann et al, 1997)

288x 18 g Cleell  216x1*fg Clcell (Menden-Deuer et

al, 2000), 183x Vg C/cell
(Caron et al, 1995), V
2
2.1
7 ,
( 2 (DO<30%)
, CY2009-1 CY2009-2 ,
, ; CH2010-1
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Fig.2 Space distribution of dissolved oxygen level (%) in Laoyehai Lagoon during cruises
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" 7 N
, x3 AEHEBHRTRAKENEEREE 3,
Tab.3  Vertical stability of water column in the deep hole of
CY2009-1 inner bay
CY2009-2 s CH2010-1 Ap
Ap AZ N
CH2010-2 R XN2008 XN2009 (kg/m®)  (m) (kg/m*)
XN2011 ( 3 2009 CY2009-1 12 55 02
Ap ( )
CY2009-1 CY2009.2 16 ss 03
CY2009-2 O.Zkg/m4 5 CH2010-1
4 2010 CH2010-1 2.0 5.3 0.4
CH2010-2 0.5kg/m R XN2008 ( )
XN2009  XN2011 0.6kg/m* ( 3) CH2010-2 29 53 05
2.3 XN2008 33 52 0.6
(ESD)<10pm
XN2009 4.0 5.5 0.7
( 4al—a3) XN2011 36 54 07

>
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Fig.4 Main phytoplankton species, heterotrophic bacteria and virus detected by flow cytometry and inverted microscope in water
samples of Laoyehai Lagoon
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2—10pm 8 : ESD<10pm
(Paralia sulcata, ESD=9.1um) (Skeletone- 99% ( 5) CH2010-1 ,
ma costatum, ESD~6.0um) (Pediastrum sp., ESD>20pm
ESD=~9.1um) (Scenedesmus sp., ESD=5.5um) , * ESD>20um
(Crucigenia lauterbornei, ESD=4.0um) 50% XN2009
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T4 EYRRZWHALEHFEYREHNKREYER S EEl(%)
Tab.4 Contribution (%) of dominant species in each station during cruises
( )
LYHI-0m LYH2-0m LYH3-0m LYH4-0m LYH5-0m LYHS5- LYH6-0m
CY2009.1 Pico.l 5.6% 20.5% 27.3% 21.4% 27.3% 34.6% 33.2%
1e0- (6775)  (180452)  (253149)  (110981) (1093451) (152922) (2074122)
Nano.1 10.8% 19.7% 22.9% 18.6% 20.9% 31.3% 23.3%
ano- (1075) (14088)  (17314) (7850) (63780) (11292) (118294)
Nano.3 62.8% 57.7% 45.3% 58.9% 49.5% 30.1% 40.2%
ano- (6237) (41295)  (34198)  (24842) (114125) (10862) (204003)
79.2% 97.9% 95.5% 98.9% 97.7% 96.0% 96.7%
. 18.2% 26.3% 51.9% 44.4% 43.6% 28.2% 42.9%
CY2009-2 Pico-1 (13980)  (42801)  (374884)  (42800) (699871) (203573) (1358015)
Nano.1 5.2% 8.1% 3.7% 5.5% 11.9% 31.3% 18.3%
ano- (323) (1075) (2151) (430) (24562) (18389) (47318)
Nano.3 32.6% 42.1% 38.0% 49.3% 42.9% 40.1% 36.4%
ano- (2043) (5592) (22368) (3871) (49002) (23551) (93990)
56.0% 76.5% 93.6% 99.2% 98.4% 99.6% 97.6%
CH2010-1 Pico.l 26.6% 29.4% 45.7% 26.6% 14.2% 17.5% 37.1%
160" (8271) (51357)  (71073)  (382103) (105985) (120988) (416918)
Nano3 19.0% 23.0% 39.5% 53.3% 28.3% 18.9% 22.6%
ano- (481) (3270) (5001) (62418) (17215) (10675) (20677)
1.1% 6.7% 15.9% 52.0% 58.6% 37.0%
(6) (32) (699) (1188) (1244) (1275)
45.6% 53.5% 91.9% 95.8% 94.5% 95.0% 96.7%
KN2009 Pico.l 21.9% 20.3% 42.1% 37.3% 16.8% 40.9% 21.0%
160" (14161)  (90741)  (60782)  (41524) (235700) (48304) (799718)
Nano.1 9.6% 4.8% 6.3% 7.2% 25.7% 20.5% 16.1%
ano- (505) (1755) (745) (649) (29357) (1971) (50059)
Nano. 27.7% 15.4% 15.6%
ano- - - (7742) (361) (11830)
Nano.3 48.9% 59.3% 32.3% 29.1% 25.6% 21.0% 20.0%
ano- (2572) (21591) (3799) (2645) (29237) (2019) (62177)
80.4% 84.4% 80.7% 73.6% 95.8% 97.8% 72.7%
(x10°cell/L)
( 6a)
Virus- [ Virus- 11
CY2009-1 CY2009-2  XN2009 3 s
( CH2010-1 CY2009-1 CY2009-2
XN2009 3 CH2010-1
Virus- [ Virus- I ; CY2009-1 CY2009-2  XN2009
4.0x10%cell/L
( 6b—d) 4 18.0x10%cell/L,  CH2010-1
i% s s
: 2.0x10%cell/L 12.0x10°cell/L (
CY2009-1 CY2009-2  XN2009 3 6b) , Virus- | CH2010-1
( Virus- | CY2009-1 CY2009-2  XN2009 3
Virus- I ), CH2010-1 ; CH2010-1 Virus- [
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Fig.6 Space distribution of phytoplankton carbon biomass (mg/L), heterotrophic bacteria abundance (x10°cell/L) and virus abundance
(x10%virus/L) in Laoyehai Lagoon during cruises
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X = i L X ( bl
X —X .
( ) max - “min ) 40 (1971—2010 )
5> Xmin  Xmax
1 2) , 40
( y cv M @ .,
D D , s
D ( D 0.3),
S , (
LOICZ (Gordon et al, 1996) 8 cv 80%)( 7) .
20 () 8 () i (D
13 ) 4 C ) 35 , 0.1),
] , (cv 150%)
x5 EFEEBHKENKEESE. RFEESHEUKRA LOICZ fAzVIRENS H 87K X ik K (8]
Tab.5 Estimation of water residence time using LOICZ box model for Laoyehai Lagoon
(km?) 25 3.7 2.5 3.7
(m) 2.0 25 2.0 25
(10°m®) 5.0 9.3 5.0 9.3
25.0 15.0 27.0 21.0
(10°m*/d) 0 156.0 0 52.0
(10°m*/d) 21.0 31.1 7.3 10.8 ( ,2006)
(10°m*/d) 22.0 32.6 7.5 11.1 ,2008)
(10°m*/d) 4.0 36.6 4.0 36.6 ( ,2007)
(10°m*/d) 13.7 20.3 11.4 20.3 ( ,2006)
(d) 4 13 8 20 _
3 (2008 2009 2011 ) ,
3 ,
, ; , DIN PO;” Si0g~
60 2
2009 2010 20pmol/L ,
, 80 3 35umol/L ( , 2010; ,
, B 2011 , w
2009 ( )
( ) , 2010 ) ( : XN2009
( ) ( ) CY2009-1  CY2009-2
) , CH2010-1
, 7 ), "
( ESD<10pm
3.2 Pico-1 Nano-1 Nano-2 Nano-3
) ESD>10pm
) 4
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, Ve (Richardson et al, 2007),
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Fig.8 Conceptual diagram of the response of bottom hypoxia in Laoyehai Lagoon to the monsoon climate rhythm in the South China Sea
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RESPONSE OF BOTTOM HYPOXIA IN LAOYEHAI LAGOON TO THE SOUTH CHINA
SEA MONSOON CLIMATE RHYTHM
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(1. State Key Laboratory of Estuarine and Coastal Research, East China Normal University, Shanghai 200062, China;
2. Hainan Provincial Marine Development Plan and Design Research Institute, Haikou 570125, China)

Abstract
of Laoyehai Lagoon (Hainan, South China Sea) during spring drought. To understand the causes of hypoxia, we conducted

Hypoxia (DO<2mg/L or <30%) often caused acute mass fish mortality within 1—2 days in cage culture area

7 cruises in biogeochemistry in the area during 2008—2011. The 2009 cruise was conducted in spring monsoon transition

period during which wind speed was high and rainfall ample, bottom hypoxia was rare; correspondingly, water column was

unstable in vertical direction in the whole lagoon, phytoplankton community was dominated by pico-phytoplankton (<2um)
and nano-phytoplankton (2—10um) species. The 2010 cruise was in spring monsoon transition period featuring breeze and

drought, and bottom hypoxia was common from the deep hole (depth of about 6m) in the inner bay to the cage culture area

in the outer bay; correspondingly, water column structure of the deep hole was strongly stratified, phytoplankton

community was dominated by diatom Cerataulina pelagica, and virus abundance reached the highest value of all 7 cruises.

The cruises conducted in 2008, 2009 and 2011 met southwest monsoon periods during which weather was hot with breeze

and ample rainfall; bottom hypoxia was in small scale, and the hypoxic water mass was limited to the deep hole;

correspondingly, water column structure of the deep hole was highly stratified, phytoplankton community was dominated

by pico-phytoplankton (<2um) and nano-phytoplankton (2—10um) species. These results show that hypoxia phenomena in

Laoyehai Lagoon responded clearly to the rhythmic climate change of the South China Sea Monsoon, and to the coupling

between the stratification and diatom bloom in water column of the deep hole, which was caused by spring drought and

resulted in massive hypoxia spread from the deep hole in the inner bay to the cage culture area of the outer bay.

Key words South China Sea Monsoon; Laoyehai Lagoon; diatoms;

bottom hypoxia; phytoplankton;

heterotrophic; virus



