—— Haiyang Xuebao ——

S
(&35 3 s, e

R = I
2023F B EFIRT O ARIERFIR I H 5347
R, MR, FEE, F, MERE, BREE, T2, ALK, 354
Mechanisms of the absence of hypoxia in the Zhujiang (Pearl) River Estuary during summer of 2023
Liang Chaoqi, Yang Yi, Lei Shiping, Xu Yi, Bu Dezhi, Pang Jinyan, Li Yan, Zhou Kuanbo, Guo Xianghui
TEZR I BE View online: htips:/doi.org/10.12284/hyxb2026030

B RN B EME
Articles you may be interested in

2021 FEARBAN BB HIBNAR AL EREHFE
Distributions of dissolved oxygen and hypoxic characteristics in the Bohai Sea and the northern Yellow Sea during the late summer—early autumn in

2021
HEVEAR. 2025, 47(3): 13-26  hitps://doi.org/10.12284/hyxh2025032

EFHINNRAYKAAESRAHIHFEREZMEFHR
Characteristics of heavy metals and their influential factors between sediments and water of the Zhujiang River Estuary in summer

TR, 2022, 44(10): 182-192  https://doi.org/10.12284/hyxh2022166

EFRER ML RMIRT Ok B8R R 2 Sk R A4
Source apportionment of nitrate in the Zhujiang River Estuary based on dual stable isotope

WAL, 2025, 47(11): 57-68  https://doi.org/10.12284/hyxh2025118

HRIAHRRHEHEERX (TR EETH) WHEHEES5SH
Intertidal crabs (Decapoda: Brachyura) species diversity and distribution in Qi” ao Island, Zhujiang River Estuary
W2 2023, 45(11): 76-87  https://doi.org/10.12284/hyxh2023158

BRI A2t IR AR A 2 Rk K3 4 KA AR AL X L 47

Comparative study on the Cenozoic tectonic and sedimentary evolution in the deep water areas of the Zhujiang River Estuary Basin and the
Qiongdongnan Basin

HEEAEAR. 2021, 43(3): 48-61  https:/doi.org/10.12284/hyxh2021055
BRI O #75 AXSFRA 52

A study on tidal asymmetry in the Zhujiang River Estuary
HEVEAAR. 2025, 47(8): 26-34  hitps://doi.org/10.12284/hyxb2025079

KERELAS, REESHNER


http://www.hyxbocean.cn
http://www.hyxbocean.cn/article/doi/10.12284/hyxb2026030
http://www.hyxbocean.cn/article/doi/10.12284/hyxb2025032
http://www.hyxbocean.cn/article/doi/10.12284/hyxb2025032
http://www.hyxbocean.cn/article/doi/10.12284/hyxb2022166
http://www.hyxbocean.cn/article/doi/10.12284/hyxb2022166
http://www.hyxbocean.cn/article/doi/10.12284/hyxb2025118
http://www.hyxbocean.cn/article/doi/10.12284/hyxb2025118
http://www.hyxbocean.cn/article/doi/10.12284/hyxb2023158
http://www.hyxbocean.cn/article/doi/10.12284/hyxb2023158
http://www.hyxbocean.cn/article/doi/10.12284/hyxb2021055
http://www.hyxbocean.cn/article/doi/10.12284/hyxb2021055
http://www.hyxbocean.cn/article/doi/10.12284/hyxb2025079
http://www.hyxbocean.cn/article/doi/10.12284/hyxb2025079

w1
Haiyang Xuebao

5 48% 3 5
2026 4F 3 H

Vol. 48 No. 3
March 2026

AT, R, TR, . 2023 AL E I CRBUBRSORBL HOILR A7 16541, 2026, 48(3): 31-44, doi: 10.12284/hyxb2026030
Liang Chaoqi, Yang Yi, Lei Shiping, et al. Mechanisms of the absence of hypoxia in the Zhujiang (Pearl) River Estuary during summer of
2023[J]. Haiyang Xuebao, 2026, 48(3): 3144, doi:10.12284/hyxb2026030

2023 FEZFIRIARMERS

RAH,

Yy Ak IR s )

wE, FwE', R, MEX', B4E',
A2 ARW', HELMT

(1 TR Mg v A Wy Bk Ak 2 4 R TR S S0 00 % T Ve 5 Bk 2 B, AR JE 1) 3611025 2. JE ] K2 48 fl 4 i il AL T A 25
IR IR, A 0T 361102; 3. BT K2 4 65 V8 U9 WM 1 A 25 2R 0 ) R P AR 2 WL DU AIF 5% 3y 4R Ly A ol VA 7 UL
W55 25850, A M 363499)

MHE. z';m%xfzom FEFHRITORBANREKFENRE AL, HEOMT KX &M EHH
A FARRMERDNF TR, ETHAGAMNBER G L HFEOX L, RA2023FEFEE
EAUTHE:HRIEREREFN L HEEKS1%, FEEREE K L0 NEE BIK45%, H T4 R
AR A ERIE, WD T ED BN R Y BB, AR AT 15d #4880 T B XUOR LT 0
Beg, KK EALRARE, B F K (0074£020) KTk 6 A8 3 MEH (014+0.17, 038 =
0.50,0.18+0.20) , H A THEMAN EEEAKFE A 7 RIL AR E BRK S B 0 KEKE Y48
(18d, BETEZFFHERETW3LD), RFET AV EREL IR AXKERERENT W,
SHEEMEERSFEKITI20BFEFRLERERGFENL , AAXBT T MmALALL 4
Bt O A RN E E BB
KEBE: RIL U BRI AR E; KA A

FESHES: P7344°5 XHEkFRERD: A XEHS: 0253-4193(2026)03-0031-14

010 Sy ol ¥ R 5 A DA o 9 Sl L il R )

1 =
9l Jo TR Y 5 U R DR R JE

7 fi# %8 (Dissolved Oxygen, DO) J2& 7K 335 1Y 5 Z K
gL ﬁﬁ]j‘(@%xﬁfiﬁﬂ%—/ﬁﬁﬁ%ﬁﬁﬁiiﬁ
FRAE, I8 AT AE N B ¥ ) 90 A 7 L b R A
M AR FR . AT LAV i SR B (KT 63 pmol/kg
(2 mg/L) 7 SR A, %7 [ bR SCifik v 7)< Hypoxia ™™,
IR B AR TS 2351 R 2 G RO, AL 45K A A
Pri: i A 28 s ) e B i S W R 2 AR TR
(G Wﬁ@ﬁﬁ%%ﬁﬁi@*ﬂéﬁ@%éﬁmﬁmbﬂﬁ H
T o ARG 4R A %) 5 T AT 8 e 7K el 3 1 AE A [ K 8
Z a7

5 B #3: 2025-11-24; 11T B #i: 2026-02-13,

HEEH: BEE SO &R (2022YFC3105302); % H RBF 34

ML LA 42k, I07 1130 T8 b XA i S Tn) A H 5
IR 4 BR M R BT (] U U I B R, 1955+
2009 4F i) 1 % E’J@/ﬁ%%ﬁi‘ﬁ” W 115 kb, R
il AR BE RO IR A R 2k b O W T A B AR TR
FERMAY R F IR, BV RS AR <A X
7K & 8 IR A X8 1 5 2% 19 DO Ve B2 ¥4 K i) [l 1%
F 63 umol/kg, 2001 4 e 58 H ALK ] T 20 720 km* ',
2005 4 2 ¥ 75 b 35 d 4 T AL 29 3K 40 000 km™™, A
20 t2 60 4R LK, éfmﬁ‘@ﬁkﬂzﬁi%%ﬂé&i
K, B 400 4, 7 55 1w A T 245 000 km®™P,

(42141001),

TEE B A : RMA(2003—), T, VLIRA SRR, #5205 1) Sy o 11 S ME ARG 3R . E-mail: 22320251151409@stu.xmu.edu.cn

BAEIEE: MBS, I, BEW 7 W LR M R A M AL IE R | T Uil B R g L

E-mail: xhguo@xmu.edu.cn


mailto:xhguo@xmu.edu.cn
http://www.hyxb.org.cn
http://www.hyxb.org.cn
http://www.hyxb.org.cn
http://www.hyxb.org.cn
http://www.hyxb.org.cn
http://www.hyxb.org.cn
http://www.hyxb.org.cn
http://www.hyxb.org.cn

32

GRERE TR

r R VAT T R 41 30T Vg 3 DO vk B L B K A A 25 5
FE 75 ) 43 A L, T 1 K A DO e B I T 30 g IX )5 =
TR T > FME>EEHRE., EERKIL
FLRTER VL RS )2 7K & AR B4R, VI 1 e AR DX Sl
5 000~ 20 000 km?, i# % T 5-6 H FF i ¥ mL, 7-8
Ak R, 9-10 H B B U, i 4E kT
[T A4 f5fe 4 DX T ARt 7T BB 25 31 1000 km* '),

AR SCHE T 2023 4F 8 H BRVL H % il 028 1] 43 A,
454 5 PTAE (2015 4E | 2017 45 F1 2018 4F ) 5 2 1 o &5
S 7% 2023 4F 8 H BRIT I R K AR B AR A < R
%, IF OB SR Ry A GE A AR TR A LR TS 5 KA IR
BN KA | 15 B ISR 4 AR RE G EL 4 AT 2023
A 8 A BRIT R KA I A2 K B A B4 Y R A
2 BRIT O GUE 4
21 HRIIAMBRESEH

E Ay o g AL 32 NS5 st 8 i R RN 11— g
Bl R G0, BRIT OAFAE A BB GAX, — 20T
BRI ) BRG] T X, S — AN R R
W 2K, JE & M g e g b e Z 3T, 18
W1 E 3, 2003 4R 276 ) M B AR 58I B R 2K
DO ¥ Ji $5 22 4b F 60 umol/kg e A7 HI K 7K °F, H.
20032006 4[] 52 B % A7 33 Jal i) fa 4V AR T
i, B 20 titad 70 AEAR LR, IR IR S 2 B = MR
7, BAE 6-9 H A &, Horbia R 8 H ik By, H
S A G, /N 2 AR iR U],
H 2 1) VR A 4 R O i 4R P B A DY), 1981 4R 7 H %
XEJEZKE BB Z KA X (DO < 125 umol/kg),
Jay 3 X 3 DO ¥k B % I T 63 pumol/kg, {H 75 [H] {5
Bl A A BR O, AE 1990 4E 7 H WL ) DO ¥ JE Ky
29 umol/kg HIARAE, 1992 4F . 1996 4F % 1999 4F B
Al K A AN TR 2 0 e S, L 1999 4F (IR 4R
DX 32 B A T A AT 1V e R AT, DO ¥R & 28 30k il

1 7Y 5 PR A L T 1 Ah s 4 A AR AE R 2 2009 4F,

I AEURZ O X B8 22 T L R B L A S8k, DO S5 I A %
2% 38 pmol/kg™,

2010 4F Lok, BRVL H T Ui 2 221K )2 /K 44 i 420 31
G R ELAR K T o K )2 DO e AR vk X IS T
63 umol/kg, B %ifi 1% L T A f& 2= 3 umol/kg!'® >, #E 23
] oA b, eSO X B PR BR VT 0P IR K I 8
SRR E TR A ICAL, AnAAAT PEAN . BE I 140 K A
N R R R W R R NI A S N (A 2
2015 4F 5 Z= W 27, i S DU T LU R B ) A S fif
245 90 km, 78 35 1 ALk 1 000 km? U7 2017 4F 52 53 % &

i MR R A e, SR X AR — PR E
1470 km®™', Bl 401 B 19 2 AL R AE B3, pH R 2
7.6~7.8, TR A i ATEAE R P HUAE (C/0 = 0.73 ~
0.89) Bz V3 R A AL F- 87 1k 1) Redfield FfE, #8578 T
A VR B R il 2 B R AR A R U (AR E
BRI, G A5 R B SR R X 2 S s KO
DA VS A 2 5 AT K s P b O B o 5 BBOK (R 45 B8 1) [i) 4B
K, 2 DO M B AR T 4R A A AT 7 7 AR Tk
W B U R ) #E 48 3 R ( Sediment Oxygen Demand, SOD)
&3k 110 mmol/(m?-d) (LA O, i1), 1H X 3 %7 16 & {12
i A R, JIC)Z 7K DO AT Bl FF 2 150 umol/kg, AL
RIE AR B P, eAh, S AR fh 3 2 5% i 2 X
S8R R RRT S A 3 i s B AR BN A A R XUR 5 )
i Ji5 )2 7K DO 7 48 h 4 I Ft 46 pmol/kg, {HIR /K 42 i
R PR A AR (2 A 45 A8 7 24 h P A, iR IXTE
7 d PR E R B P AT 30 a 3, 52 BRIL A N
ST A I, U S R AR AR O K R ik
S NIV D 60%, 7K AR Z B 38 K A 0 i
M TR, X B PR R I [ IR fofF 5k 46 X 1T AR DA B 4F 3.8%
{18 4 4 ke 0300,

22 BFRIOGBREMEHIRSHHLH

KA 2 A R R R R R A, 2
(6-8 J ) BR VT4 Uit ak fnb 3 18 K, VAl it ¥R /K iy AT AR
JE 2k 5~ 10 m 1Y R JZMIRER I, 55 Bl 28 & 3 IS /K 22 [
PR R R, WA R B REE N 2~5m iy
JZ BB, B R AR, I T R 2 B KR 5K
JZ K 1 2 1 VR A, AT 3 B0UIK 2 K DO YR JE IR AE )4k
SRR I AR BT AR, R T ERVL MUK BRI, IR
KA AR 2 A B Tk, BUE R R OR, R
I3 3 1B A28 3T e k2 50% BRF, P S 9 Y g 4 T AR
457N 38%P1,

PRUL O 0y v b I8 A R T XK 2l g oK A TR
AP XFERIT O, B2 AT 79 KA R TR R
FHL, B = E AUV R B B, R R T R X
AL b TR, R R IR AR R 2R )2 K ik I 1 X
TR B L 11 G 2 AR R AT R, R 3R T s
SRR JZ AL, 10 2 B G, (R 2 K kb 25 2 L
55 =, VU KUK 2l ) 2 2 B R TS IS AME U B
T PAE K T K AR5 B ], AR SE A L IR RE A
X DO e B 1 52 M B2 OB o B e s, XU AR Ak
R G T R R 4 AR 8 e XU AR, Y R P B
Al EZEE R,

FEAE YA B D T, 2B VR BT R i RE SR 1
B R B R FHE R R K, BRI AR R



3 AT AF: 2023 4R E R BRVT R Bk SACIR G0 R L] 23 BT

33

I SRR BT Y B R A, LR A B I
WA FH S S 5 A0 A 10 5 e ol R s e 02 T P O A
WFFE R I, M4 2 a YR EE T I, R PR AR 0] )
A BT AR AE KR A E R R ER T, FREsh Y
WP L 40 R AR B A e S DO R o i 4 3 BURR
JE KV i R B S R R, TR, BRVLAR I A 1Y
iP5 AT AL (455 1 e 25 R0 KL 25 ) L A F AR 4R, v
S 8 figt URE 0 0 M 28 0 )2 K itk — 25 i 4k s
T s A B, o R R A LT 65% A i TR,
35% ok [ Bl P AP, E FRER X DO HA WL i A
FH: — 7 TR 28 77 Ui A 0 348 A 44 v 2 )22 K 1% DO I B,
5 — 7 138 2o 3G £ far (A0 N 2898 Bl A I NH; -N 5]
KA/ B A A I AR ) DA B K AR B S SR A i s AR A

BEAb, BRIT i A A A S 2 XL 22 5 7R )
LRITAR A X F2 B A7 U T 5 K HECIR 8, RV 55 3
T AT K AR A B SR, FEE N 5 R R AR
Fad R, FEAM O DO W AR T 125 pmol/kg. #H L
ZF, B IITTAMR A X T 2 Z i 4K AR 5 R it
1L AR B AR R, B R B s % X R LS
Bl U8 TR o H B A 60%, ELAT 9 W i1 AE 28 T A5 HL
Jo ) R figp 3k R e 1, S B0 SOD i 25 34 M s W R T
U feg U1 230,

FEIK SCARA 7 T8, NG V5 46 24 S DA b B S BOK AR
15 B B [B) B K, o T 4R T R T BR VT T I Y =
I TR Aok 3 A I VA B ) 5535 )2 TR B, S I i
IEL7/b] e = AN

A AR A A 23 ] i AU : (1) TR AR R
P AR R (2) At SHE AR AR A 4% 2 AR s
(3) M vt 2 30 = 2 (b K Bl T 54 ) 38 ) 02 8 R AR A
i R A B AR 5= BR ) R BT A LT SRR A
FEELL PR YR B, 2F 1M 52 1A DO ¥R JEE 9 A8 AR 7,
23 IO FEFRRERENFTEAR

2023 4F K ZAE BRIT 11498 25 508 2o, BF 58 IX ek
JEJZ 7K 11 DO e B 5 1A A 47 75 i 480 19 {H (63 pmol/kg)
PL_b, AACBAAS U 5 I E 55 pmol/kg (IR AEL. A HE [
s 38 FH A9 Bl 4200 RE B o (3% 22 X 8, DO < 63 pmol/kg),
AR TR A 15 3] X I e a0 A 5 1 1) 2 55, T
REAEMIE ARG, X H5IEFREFHRILOLE
JE 2 KRR S AU IR AN [ 17-25,28. 3839

3 DR XTIk

3.1 HIRERERMXER
PRV TR A 21°30~23°15'N, 113°10'~
114°30'E Z ], & [/ 05 e RO 0 R4, 4

BREARFIERE 2R = A O R R 2 —
PRIT W 1 R 2 45 J7 km?, 4E A2 3 B ik 285 km0), H:

HRPEYT . UV AN AR VT TR T AR B Y 90% A5 A7,
PRUL T 5 YL IR 9T 45 Sl St R A < = Y iE

£ N 43T R AURE K A8 SR PRV JEYT L ARYT
TR ] R RV A% AR BR VT 10 = £ 38 2 B8 4% Tl
[ 2 SN A MINE AW NS S R 2 S A DN i A N
JITT . XS WETT L Rk BT NKR BT AT
VB T 1R S = KA 1 i X K SO B J 2B
B 7 X IR SRR AE : 4-9 A B F KL T 24 80%
(R 42 37 2, T B 80 i YR K B 31 7 5 i 7K 2 ) 37
W 2 RN AR HOR A, O3 2=
0.86~1.63 m(f Kl 25 <3 m), X PPl e i) <238 58
HRHESEGE T 2 22 KR SR AP,

BRIT = AN B BRIT 1 20 20 R Lok Bk 2 %
TN 1T B TR B PR XS 2 — IR i A T
ML RSE . BRI AW 55 IR T o SRV F I Sal il 4k 2R
VL5 R A 220 AL, BT BR VLI 880 Tk Fn el & 35
ERVLHET £ 5 M SR ARG, SEBORILA AR
VS IR R W E AR T =, KR R A R R,
NHEEFIRITASH B R, i AR K
FRER, TS TR BRBE AT S PR AR R K, 3 AR
BRYT 11 AR A0 A LA R i e | & iy e 48030 T O

HILH R E = m, £, B ERET . K1
kg 1998-2022 4E PG YT, JLVTAIZR VT A - 48 7 & 2 Al
CHBRVL B W1 90%), ) 2023 4F 4 H (19 F- ¥ 42
T . 2023 4F K 2 (6-8 H ) BRITAY H F 42 i & 4
ok 9 584, 5516 1 7 329 m¥/s, 43 I AH 24 T £ 4E A -
IR s 51%, 36% Fl 66%.

AW EEET 20234E7H30 HESH 25 H
$& B R SR R I <3 S v M TR Vg B0 Vi

MR G AR | IS N TR 4 4 BRI 1 A R T
20000
i
_ 16000 (1998-20224F)
< 12000} " 20235
B 5000} |
5
4000} I |
it I
2 4 s 7 9 1 1 1
Hﬁ}

BT BRILAY P 2942 0 B 5 ) ) A (O R I T
Hh A BRI AR K SR D 48 R A 1 ORTE AR AR D)
Fig. 1 The monthly average discharge of the Zhujiang River
(data sourced from the Water Situation Annual Report, Hydro-

logy Bureau, Ministry of Water Resources, China)
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Fig. 2 Sampling station distribution in the Zhujiang River Es-

tuary in August 2023
JKGBE K JB T General Bathymetric Chart of the Oceans 1Y 15 3R b
[E] o 4 BR P A 1 194 7K % v 2 {40040 (ttps://wwiw. gebeo.net/), 17 (7]
AT 2025 4F 1 7 2 H; 2L @ L9875 & 9 7 (¥ 47
Bathymetric data were derived from the General Bathymetric Chart of the
Oceans global 15-arc-second grid dataset at https://www.gebco.net/, ac-
cessed on 2 January 2025; the red line indicates the location of the sec-

tion in Figure 9
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Table 1 Summary of discharge and dissolved inorganic nitrogen (DIN) concentrations in the three main tributaries of the Zhujiang

THAR BRESE/ (s BREARMEE/(m’ s RREAF AR DINMEH(E/(umol L") DINMREEARMEZ/(umol L") DINRBEAE S REL

PEIT 4270 2007 47.0%
et 1198 908 75.8%

ZRIL 395 138 34.9%

114 22 19.1%
126 18 14.4%
103 20 19.9%
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(pmol/kg), H Bensen Al Krause® {18 ; o2 /K 1R % B
(kg/m?®), H Millero®™ /A 203144 .

0.27x U? Se\
k= 100 ><24x<@) , (9)
o).,
- i medn’ 10
P (Upew)’ (10)

i, UEH 3 XGE (m/s); Se 27t 2 4%, H Wan-
ninkhof®" =X (11) 3155 U, R 56 i AW i XU (1) /1
(M/8), (U2)ymean 2273 I B5F XU -7 9 - HI(EL [(m/5) ]

Sc=1953.4—128xSST +3.991 8xSST>*-0.050 091 x SST°,
(11)

U, SST /&I R E (C).
3.4 H i BY M B Sk IR R AL B T ik
341 WIZEHE

IR TR ) AR R AR U R SC B R TR B
( https://www.hko.gov.hk/cis/climat_c.htm, 35 7] H #] .
2024 4F 12 4 25 H)o 2% Lin 5 505 i, A4
W5 DX A TR LR 101, K 7R i 22.8°77 [] 1Y XL 37 73
E SR R R OB A ) B 1 Bk 157,200 A XU A
[a] 4 6 1] )5 40 1, IE AR ROk F AR b 1] A 1 XL, B
y I BT B A, AR BT G S(E RSk A T
19 1] AT 15 IR, B0 55 00 J8CT ek 8 XL, SRR B at L
342 BIRMEE o Bl

TSI 2% R o BAE R B KB B 5 L (Asia-
Pacific Data-Research Center, APDRC, http://apdrc.soest.
hawaii.edu:80/dods/public_data/satellite_product/MODIS
Aqua/chla_mapped mon_4km, 15 [5] H #: 2025 4F 1 A
10 H ). %4 & MODIS-Aqua — 2 b 1 B G B, 43
PN 4 km,

4 20234 8 HERIT R MAEMNMH LS
B 23 18] 3 A AR

41 203 FE 8 AREMBEENZTESH

T U T Bl 26.8~31.1°C, “F-XI{H H (29.7 +
1.0) °C, B 5 1 XK IR ZE 30°C AL, 1 ] 11 R 2 7K
TRIAG, S5 AIG TEL B (<28°C) HH BUAE ¥5 5163 Hh Ko LAV (1)
IR (1E] 3a), MR ER VLI 13.5~33.8, P 3
1B 30.0 + 4.4, AAT VE P ER BRI, 5 5 DXk 2 T
T PTG R AZ O A R B s (14 3b).

JRJZ KR ETE R 21.2~30.7°C, FHIME A (25.2 +
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Fig. 3 Spatial distributions of temperature and salinity in the surface and bottom waters of the Zhujiang River Estuary during the cruise

in August 2023 (Black dots denote the sampling stations)
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Fig. 4 Spatial distributions of DO concentration and saturation degree in the surface and bottom waters of the Zhujiang River Estuary

during the cruise in August 2023 (Black dots denote the sampling stations)
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Fig. 5 Comparison of bottom-water DO concentrations and distributions in the Zhujiang River Estuary between August 2023 and summer

periods from other years
F (0 22 AR B4 B 11 63 pmol/kg, 2B €0 5 AR SR AR I 47 2015 4F B 11 Guo %17 2017 4F AR A 1 Zhao %11
2018 4F Y KL K H Zhao 451
The white contour line indicates the hypoxia threshold (63 umol/kg), while the black dots denote the sampling stations. Data sources: 2015 data are from Guo et

al."; 2017 data are from Zhao et al.'®; 2018 data are from Zhao et al.*®!
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(2015-2023)



38

GRERE TR

®2 20152023 FESFHKITIATHERE. DINBERKIL
AEBEEREENRSELE
Table 2 Summary of monthly average discharge and DIN flux
from the Zhujiang River, and supported potential marine-
sourced organic carbon production in the Pearl River Estuary

during summers of 2015-2023

6-8HH  6-8HH 6 8HHAVY LAY
ARGy OFHRR FHIDING WEARANL TiT10a EFEHT
1#/10°m’ Al dE/10° mol  BRFHE/10° ¢ ESLERNER
2015 335+76  38+16 3113 93%
2016 384+113  44+16 35+13 107%
2017 501+£99  57+25 46 +20 139%
2018 285+25 3314 26+ 11 79%
2019 453+127 52420 4116 126%
2020 236+71  27+10 22+8 66%
2021 349+143  40+19 32+15 97%
2022 490+294  56+22 45+17 137%
2023 197+41 2381 18+6 55%
FHME 359+£102  41+12 33+10 -

AR5 2017 AF SRR o YR B s WO B T T 1AM AL /7
KT R JZ= DO i fIRAELAYL 40.7 pmol/kg, LA Tk
SR . XS AR & PEFR 78 1 e A B R AR
SCAF 0 A 3t Bk A~ 2 R X Bk A 9 9K Bl AL A ——
TR AE W38 i 6 A 1 A 5 R R B A0 A DA LA,
HIE T 5 DU 2R 2, G AR W) I A 3 6 R B i i
B 2017 A B R AR U R R R A E X —
PSR S T 4% 3R a W BE O b ™ B A4 IS 2 K B4
115°E

112° 113°
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N 20174

2023 4F 8 H 42 o WREE 5 2015 4| 2017 4F
2018 4EAF7E I 25 5 . 2023 4F 8 H #& AN 2 X 3 Y
&R ER o W BRI BARF Lk A 3 AN R (K 7d).
X — B4 2023 AFERVTAR I B 08 5 308 FRER A
3 KR PR B

25 1, 2023 AF BRI O R R A i S A L%, Al
543 A DR T B VAR AR U 890 ek 300 A R WL 7
MBI, MARAS 22 M T AEAE J1, WoR T ERILAR R
X BRVL AR W b 3R Ak 2 o B 0 SR B R AR
52 RUpRERE

& 8 J& 2015 4, 2017 4F . 2018 4F 1 2023 4EER VT
1 ORI 5 ) TR 1 KU 328 /N B AR A RRAE . FE RV,
7 i 32 R IR S, [ IR R ) R
Al b RUGE R v = s IR B 3R E K R,
PR 2 & B R ERR K LIl SLid R B 2 L TR e
WAy a7 A 0 AR IR HL R TE IR JE B R, 2 B
DO JH#E. 1% A3 HFSE I [A] K B, R S8l R 1o T
R A BEERE T, £ il Kk 2 K B4R

FE 2023 4F BRI R AT 1S RN (7 H 16-31
H), BRYC A IS 1 i KU R 0 5 F A2 BT [
(AR X, T L b I R A AR X AT HL XU 5
FEA &, AR T IR AR 2 1Y B . 4 A 2023 4F
8 Atk AW (8 H 1-9 H), J&# X 5{ F &% |-
T IR By, 8 A A A3 5 A8 T e 0 el B A 1
A AL A 8 e B 0 I K A A5 B B ) 4 L K AR R
BIRA R, 15K 2 DO R MM R, R A4
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Fig. 7 Distribution of satellite-derived chlorophyll a (Chl @) concentration in the Zhujiang River Estuary (http://apdrc.soest.hawaii.
edu:80/dods/public_data/satellite_product/MODIS Aqua/chla_ mapped mon_4km)
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AR TR UIT LA ET 15 d N B K37 A 1E P ORI
2015 4EF1 2018 4F ¥ LAy i BE 1 -3 KU FE Fe 5 2017 4R
TR KR AR SRR T R XU & AR AR, O B
FEMCK AT 4 K22 LT XGE m (] 8), e fa e Rrsk
BB B T KA ) 02 7K Bl 801 T N & 2
53 KEEWK

KR JZ A R B R KR 2SO, )20 R
K, MK AR Z AL SR . 2015 4F . 2017 4F . 2018 4E il
2023 4F-BR T AT U 30 [ A9 7 1A 2 4k 22 00 St B I 2%
5 (£ 3). 2023 2L R ECH 0.074 +0.20, B B AIX
T HAth Bk S AE 75 (0.14 £ 0.17., 0.38 £0.50, 0.18 £0.20),
F W] 2023 4F 8 1Y )2 46 B 55 2015 4F L 2017 4 Al
2018 4F- 55, Bl 2023 4% 8 A 1 1k [a] i A K HiAth 3 A~ F
Fif KR Z AR E YA s KR 5y 2 AE DL . 3X
4 A~ B2 U 1] ) K A J2 A AR T (E) B0 i i

AR (36 3), 2015 4F | 2017 4FF1 2018 A7 T U 38 [R) % 8L
JEaE A E(E>0), i 2023 4E RN A Fa g 0 )2
(E<0),

% B W I 434 18 (18] 9a-1 & d-1) s 2S5 0 1Y
AEBR2ZE S . 2015, 2017 F 2018 4F B 2 /K {4 5 3 iy #0
MRAEE K, 12 — )2 K% (1010 kg/m®) {IR 57K
TFAEEHIE (>1022 kg/m?) K Z o MHEHZTF,
2023 47 K 2 [] — W 15 09 %% B 2 ) B I SRS, 3K
55 1 K AR JZ AR AR 3E T IR 2K 5 R 2 & DO K iR
Ao HINIHL, 2015 4 2017 4 )i J2 /K #0G PA B A9 IG5
4 (18 9a-2 F1 b-2), 1} 2023 4EJiE J2 /K B DO ¥k J& 1
W (AR, W 2018 4F H R R KA
B ARSI, 32 (R Dl 2018 4F B 28 1% )2 /K Bk 4
F TR A AEAAT FE AN BT LR I B HE T 51 5 0 38, i
2 W7 TS T 114 % W 1T ) 2 30 5 IR JZ 7K DO Bz i 11

&3 2015, 2017, 2018 ¥ 2023 FEFAURHAEKERE. BHLRY (o) MEXREELCE
Table 3 Summary of water salinity, stratification factor (#) and stratification stability during
summer cruises in 2015, 2017, 2018 and 2023

F0F JRIZK RS, FIZKIRIES, KA S, SRR EARENEE/m ™
2015 34.09+1.53 29.56 +5.12 31.80 +3.01 0.14£0.17 (3.9+2.5)x10*
2017 30.71 % 7.69 20.79 + 10.01 26.00 £ 8.14 0.38+£0.50 (3.5+3.1)x10*
2018 33.15+2.69 27.76 + 5.48 30.50 £4.48 0.18£0.20 (3.5+2.1)x107*
2023 32.26 +4.41 29.96 +4.31 31.27 £4.34 0.074 +£0.20 (2.7 £3.4)x10™



https://www.hko.gov.hk/cis/climat_c.htm
https://www.hko.gov.hk/cis/climat_c.htm

40

GRERE TR

1025.0
10225
1020.0 7
g
1017.5 £
::
1015.0 %3
1012.5
. . 1010.0
21.95° 21.80° 2165°N  21.95° 21.80° 21.65°N
0 300
10
R’ 20 250
2 ~
30 w
o 200
150 &
0 £l
r o)
g 10 100 8
& 20t
2 . 50
30
d-2 0

40 :
21.95° 21.80° 21.65°N

21.95°

21.80° 21.65°N

P19 2015 4F, 2017 4¢, 2018 4F K 2023 £F B BRI M JE JJ 1] 41 W T 265 2 A1 Ak S0 B 11 2 1) 43 A7 (LB T oz 58 DL 1D 2)
Fig. 9 Vertical distributions of density and DO concentration in the sections off the Modaomen Outlet of Zhujiang River Estuary, in the
summer of 2015, 2017, 2018 and 2023 (location of this section is shown in Figure 2)
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2023 4 B Z K M2 10 55 1T B BR VT IR K i A B
/N R, L RT R 50 A KRR IR ik 3 (P 8d)
A Ko AUKHT 15 d F RS AT 1) T Kse
B, S BRSO IR, 0 AR 2k 5 A 1 E
. 2023 4F 8 AZALES, A AT AR ZKSIKZ
IK A8 B, B2 5 IS JZ2 7K Y DO M .
54 Kiki=BEE

T 1 7R 5 B B ), DO A 4Rt A % 7K A& DO ik
BE R 45/, BT LOICZ #5570 47k 8 4 7K A 452 B8 1)
) L3R 4. 2023 4F K 2R 5 DX 30K AR B 452 7 B[] 2Ry
1.8 d, B 45 T 2015 4, 2017 4E 1 2018 4F & Z= (43 3]
H2.5d. 42d. 3.6d), 8K 3 A BEAAE G 9T 545 B R
] (3.1d) % 1.3 do X —4FAF AT BBV T P45 Tl : — 7

i, 2023 4F & Z= T 5 2 BOR VAR Ui it 00, (45 7K A4
PR /N s 55— 5 T, 07 11538 5 I 7K A 6 18 6 13 0
553, 2 0 328 5 9 IX R 3R K AR 3G 3, 7K AR 5 i
PN NITTR /A RS = ) % N2 < )| B 7 o 1 o 7 =W 9B 2
o FHEEZTR, 2017 4F /5 42 Ui o A R B RS S 3L
IS B R 3K 4.2 d, W FE ST B2 X DO e B R AR
Bl TR

25 1, 2023 AR B T R R EOR VLA W E SR b
MR R, SRR AR A AL ™ B, 2 T TR
B2 K FTDTRR Wy ) FE A U AT AL I 2D . [RT A K
RZ A, AR T 5 AU R 2K ) IS 2K ik ;s 7K
155 B8 I 8] 47 1, B L3 AR X6 DO I B [RGB BLRUN
Wk 5, AT R A . A e R A R 2R 3 [ T
2023 H BRI K JZ KR & AR A <S50 4

4 2015, 2017, 2018 702023 FEEF ik H BB K &S B ECE
Table 4 Summary water residence time in the Zhujiang River Estuary during the summer cruises (2015, 2017, 2018, 2023)

b Ster Sesury Sucean O (m™-d ) Qexchange/(m*+d ™) a v, 7d
2015 0 27 34 1.0 x10° 5.0x10° 1.0 1.2 % 10" 25
2017 0 22 34 1.2x10° 3.5x10° 1.2 1.5x 10" 42
2018 0 24 34 8.3 x 10° 2.8 x10° 0.82 1.0 x 10" 3.6
2023 0 29 34 6.0 x 10° 4.1x10° 0.59 72 x10° 1.8
| 0 25 34 1.0 x 10° 4.0 % 10° 1.0 1.2x10" 3.1
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55 B RAHEEESE

2015 4 2017 4%, 2018 4FFi1 2023 4F AL Uk A [a] 1 —
SPGB ULER 5. AT A AR, 2023 4F 8 H
R E A 7K A 4 A 58 mmol/(m?-d) (U {E AT
FRSFNMEAK), & T 2017 4E H 2= (24 mmol/(m*-d));
1M 2015 4 i1 2018 4F 5 2 i) 480 12t D) 2 DV 7K 31 K
o 2023 4F B 2= A, R TS SRR
LRy N1 1Ky = W N N W I R SN U TR S 1 8
Ab, K2 AR5 , i 2F R I Z KR A, NIKJZ KRN
7T AR ALY, 2015 4 F1 2018 4F 1Y 4 il
it 1EAE 3R R M K ) KRR R 2017 AF L R 1738
i, (AU A TR IL HL TR B A RES, XHIR 2K
AR RN FEEL 2023 4F 55 .

6 45 EH

2023 AFE BRI H R R ETRE KA R o X
JE BRI A5 K37 K3, AW s ER AL s A
S5 P RV FH A A o BRI AR U e U (e I s 3
% 51%) S bl P08 77 £ A SO SRR LR TR L
B A B AR 20T 10 4R SR AIG, WSS 1 ARCAE W A 1Y)
FEAAL AT 5 AERAR U A S AR5 i T R =K 58
JEIKBTRAS s ARAR U 0RO 5% B I 11 4 o o — 20 4
TAESAIE X DO WK EE RIS o b, WU T AR
e 1 07 R I R A T A AU, R T AR

Sk

=5 20154, 2017 & 2018 ££F12023 FE AR HIE
KIRNB-SFHEEELCE
Table S Summary of air-sea oxygen fluxes during the summer
cruises in 2015, 2017, 2018 and 2023 in the Zhujiang

River Estuary

Ef Ufmes?)  Kimed™)  DOmesre DOsuraion/ Fo/
(umol-kg™) (mmol'm =-d"™)
2015 50+30 38+0.1 774388 31£152
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Mechanisms of the absence of hypoxia in the Zhujiang (Pearl) River
Estuary during summer of 2023

Liang Chaoqi', Yang Yi', Lei Shiping', XuYi', BuDezhi', Pang Jinyan',
Li Yan', Zhou Kuanbo', Guo Xianghuil’2’3

(1. State Key Laboratory of Marine Environmental Science, College of Ocean and Earth Sciences, Xiamen University, Xiamen 361102,
China; 2. Fujian Provincial Key Laboratory for Coastal Ecology and Environmental Studies, Xiamen University, Xiamen 361102,
China; 3. Dongshan Swire Marine Station, National Observation and Research Station for the Taiwan Strait Marine Ecosystem, Xiamen
University, Zhangzhou 363499, China)

Abstract: This study examines the mechanism of the unexpected absence of bottom hypoxia in the lower Zhujiang
River Estuary during summer 2023 through integrated analysis of hydrological, biogeochemical and physical
drivers. The Zhujiang River discharge during 2023 summer was only 51% of the historical summer average. This
led to a 45% reduction in riverine nutrient fluxes and a sharp decline in marine-sourced organic carbon production.
Persistent northeasterly downwelling-favorable winds during the 15 days preceding sampling weakened stratifica-
tion (stratification factor of 0.074 £ 0.20 during 2023 cruise versus 0.14 £ 0.17, 0.38 £ 0.50 and 0.18 £ 0.20 during
other three cruises of 2015, 2017 and 2018 when hypoxia occurred) enhanced vertical mixing and oxygen replenish-
ment in the bottom water. The reduced river discharge also shortened the water residence time in the estuary to 1.8
days, compared to 3.1 days under average summer discharge conditions, thereby limiting the oxygen-depleting ef-
fect of organic matter degradation. The synergistic effect of these factors led to the absence of bottom-water hypox-
ia in the Zhujiang River Estuary in summer 2023. This study reveals the important regulating role of extreme hydro-

meteorological conditions in the formation of estuarine hypoxia.

Key words: Zhujiang River Estuary; Zhujiang River discharge; dissolved oxygen; hypoxia
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