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The stress response of biological communities in China’s Yalu River Estuary and

neighboring waters
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Abstract: This paper analyzes the features of the biological community, succession of dominant species, diversity, and
stability of the Yalu River Estuary offshore waters using an ABC curve method combined with particle-size spectrum theory,
and establishes a model to evaluate the stability of the Yalu River Estuary ecosystem area. The aim is to understand the
ecological health and status of the Yalu River Estuary wetland reserve nature reserve and to analyze problems related to this
ecosystem. The results show the structure of the Estuary’s biological community is relatively simple; the patterns of
succession are obvious for the dominant species and this ecosystem is susceptible to outside interference. Sufficient
sunlight, appropriate temperatures and the accumulation of nutrients provide favorable conditions for phytoplankton growth
in spring, so microorganisms based on R-countermeasures multiply rapidly ( Skeletonema costatum , Asterionella kariana) ,
causing the community to deviate from the point of equilibrium. Rivers constantly supply nutrients from land-based sources
in the summer, so the dominant species are replaced by Nitzschia delicatissima. In fall, more nutrients are consumed than
are replaced by the river, so the micro bio-based R-countermeasures will be gradually replaced by k-countermeasures

( Coscinodiscus spp. , Fragilaria spp., Ceratium fusus), the community completes its cycle of natural feedback-driven
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regulation and returns to equilibrium. Similarly, the supply of high energy phytoplankton leads to zooplankton blooms;
small herbivorous copepod ( section) larvae have been present in high numbers throughout the year. Based on the ABC
curve results and standard biomass spectrum analysis, external disturbances impact the benthic community in summer
because migratory waders feed on benthos. At the peak of migration waders have a more significant influence on intertidal
food organisms. After migration peaks, the benthic food biomass recovers gradually, and the community gradually tends to
stabilize to former population levels. Standard biomass spectrum analysis confirms the nekton community is comprised
primarily of small numbers of individuals, and a stability assessment also shows the nekton community is in a serious state of
imbalance. The characteristics of the ABC curve show the Yalu River Estuary biological community has three different
seasons, but according to W statistics, phytoplankton and zooplankton communities in the spring and summer are affected
significantly by external disturbances; this phenomenon is also observed in the intertidal benthic community in the summer,
while the nekton community is always in an unstable state. The characteristics of the standard biomass spectrum slope, the
residual variance of spectral lines and correlation coefficient of the regression line also confirm these results. The estimation
results of the model evaluating community stability in this paper are basically in accord with the above conclusions,
indicating the evaluation model is effective and practical. Above all, it indicates the biological community of the Yalu River
Estuary has poor stability, and is seriously impacted by external pressures. Inorganic nitrogen and inorganic phosphorus,
which come from terrestrial input and marine aquaculture, are the main environmental factors affecting the biological

community stability in the offshore wetlands of the Yalu River Estuary.

Key Words; ABC curves; bionomic strategy; biotic community; ecological stability; normalized biomass size spectra;

stress response; Yalu River Estuary
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2.1 BERIRHPN T

PEAE LAG IR 53 B (RERE 44 Fh) IRIEShA 22 R (BRALE 13 Fh) IR WA= 8 29 B (RS
Y113 Fh) ik 4 28 Fh(£a2520 F)

F1HNH T 4205 IRI>1000 FFP L rb g ke ) & 2200 345 LA P i o OR300 s o A1 [ AU
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Table 1 The IRI values of major species of each biotic community

A WIREE eSS &% ES e T
Biotic community Species Spring Summer Autumn Mean
TR g (22 Fi [0 3% Coscinodiscus gigas 7186 5358 3817 5454
Phytoplankton FFINZETEHE Pseudo-nitzschia delicatissima 218 10620 127 3655
P B 4B Skeletonema costarum 7004 202 909 2705
% BRI i Coscinodiscus granii 182 2026 2448 1552
U B3 Coscinodiscus centralis 267 318 2734 1106
UEHT# Fragilariopsis sp. 102 258 2919 1093
TN Asterionella kariana 1966 0 88 685
R Ceratium fusus 0 0 2005 668
A FCBUR e Ditylum brighnwelli 1016 11 85 371
sy B LI Copepodite larva 4086 2706 9637 5476
Zooplankton BRRETETT YA Nauplis larva 4099 4731 2291 3707
INUFFIKFE Paracalanus parvus 2554 1883 627 1688
WGk K % Acartia omori 3338 1116 70 1508
L2 BRI Polychaeta larvae 123 1018 2387 1176
P ME SI/K % Oithona similis 1705 364 1372 1147
B KB Calanus sinicus 45 2405 208 886
SRAUTT K 8 Parvocalanus crassirostris 1039 467 825 777
KBREEIK % Pseudodiaptomus poplesia 66 2161 125 784
WU YRR % Acartia bifilosa 1310 445 148 634
WFERINA Lamellibranchia larvae 0 0 1497 499
KHFURIBRER Acanthomysis longirostris 0 1132 116 416
A=W VeI Bullacta exarata 6338 10175 2444 6319
Macrobenthos YTV AP Moerella jedoensis 3472 5070 8842 5795
A Cyclina sinensis 1838 1195 1461 1498
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2794 A F E MR 3%
YR Ap R HE hZE I
Biotic community Species Spring Summer Autumn Mean
A=Y F2 B KIREE Macrophthalmus dilatatus 410 405 1180 665
Macrobenthos KWV #: Glycera chirori 1419 741 1226 1129

WAE R VDA% Platynereis bicanaliculata 1133 803 616 851
SCHE Meretrix meretrix 664 904 1374 981
ek £ WY Setipinna taty 2881 - 5373 4127
Nekton N4l . Johnius belengerii 3504 - 3000 3252
H AR 62 Engraulis japonicus 3559 - 1097 2328
B R AHUYF Exopalaemon carinicauda 647 - 2840 1743
L1943 sillago sihama 0 - 2940 1470
K7Ll Hexagrammos otakii 1722 - 350 1036
X RMRIE 18 Chaeturichthys stigmatias 760 - 1271 1016
W 15 S5 Scomberomorus niphonius 209 - 1267 738
/N AL Pseudosciaena polyactis 261 - 1128 695
BEAE Clupanodon punctatus 1328 - 24 676
HIEABER Crangon affinis 1329 _ 0 665

* Fe P 425 IRI>1000 FOFPE; «—" FR AP

PRI Sh Y B 20 LIAE Y i BRI R 2R /UK 28 B IR S Rl K 2 LA 2 B o5 DL 35 Ry AR 2
KR RIE SR & ORI 25K o Ty 3 5 B =0 DAY 03y B IR S ok o 2 Bs4hik
PR KRB A AURIBRAR AT LU B2 A B SR SR TETT 4R BRI A /MUK 828 3 Bk R
B UA DR SRR R A A 2 BRI LA B S L R S TE T AR I SK & RGeS
(L

FATRIA AW AE R L KR LUK A A USRI N R A VL ARG 5 05 5 X B — H R
i 2 T R LA R [ VAR VTP A IS KD A U R VD A ] — [ IR VL WS TS ] — [V
HIFRRS IR i SO KW vb A | S8 B ORHREE | | bR R A SO S FRAE AR

UK AR F G T DUAE Y G UL 0 B RS 2k BEAE AN LA i A S iy il £ H AR B IR
WIR Sy 32 KRR S LA W O35 sl HOAC S OF R RO £ A S /N e AR R DA o RS Y Ak
S YEAR LI 4 7 = E o
2.2 FEJE ABC HZAFRAE

B H 3 AEWEAEYRER ABC hZaRaniE 2 & 3 FoR TR Y 2 MR MK ER AL
KRR I b KRN B 1) B s TRl 8 2 A IR AR R KB AR SC 2 B (B th 4 m 1) s
R R AEY) 2 DR AE S B KRR E S Wik AR Y WAERK A AL B2 i (B ith 2w |) o

W GETT R I sl MYIRER RS (B 252 A sh B W) AE IS W AR WU R I e L 22 A S )
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2.3 ZHAEKF
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Fig.2 ABC curves and W value of plankton community each season
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TR Y S 80KAE (ESD) 7 3—245 pum Z 8], 2 Bk S E ks o [ 400 0. 7—11.9 0. 1—5. 0,
0. 6—2.6 mg; VSN ESD 7F 88—1150 pm Z [0, & H FKZE S &k i fl 5358 0.5—17.1.0.2—8. 6,
0. 6—302. 1 mg; W[4 R AE ) 22 K 4> T 55 (AFDW ) 7E 18. 8—376.9 i), & H k= B & i a7 9 A
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Fig.3 ABC curves and W value of macrobenthos and nekton community each season
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Table 2 The first dominant species of each biotic community

ﬁi%»ﬁf?’g . 25 Species %75 Spring 5 28 Summer 2 Autumn
Biotic community
AR [ [R]5% 3% Coscinodiscus gigas B B B
Phytoplankton FHGHZEILBE Pseudo-nitzschia delicatissima
H i 2535 Skeletonema costatum A
JUMEHT 3 Fragilariopsis sp. A
i sh e EA4NA Copepodite larva AB
Zooplankton B LRI 41A Nauplius larva A A
W R YR IK F Acartia omori B
K BRAZIK % Pseudodiaptomus poplesia B
;\T;ﬁiﬁﬂhos VIR Bullacta exarata AB AB AB
Wek A4 Nekton #e Y Setipinna taty B — B
W4 t0 Johnius belengerii A —
2443 sillago sihama — A
* RPA B A BN B AR — AR " TR R A
R3 BEMEESHEUEKFRITSH
Table 3 The statistical parameter of diversity level of each biotic community
H YR Biotic community Gi B8 Statistical parameter # 2 Spring HZ Summer = Autumn
FRUEHIY Phytoplankton DFDS/% © 69.6 92.9 29.2
k-dominance<90% ? 2 0 14
T8I Zooplankton DFDS/% 33.9 43.0 44.0
k-dominance<90% 6 7 5
JIEA £ Macrobenthos DFDS/ % 30.2 50.3 44.4
k-dominance<90% 5 3 7
UiV E 4 Nekton DFDS/% 35.2 —* 37.6
k-dominance<90% 7 — 4

Ot A9 3#4% ( Dominance of first dominant species ) @ B2 k-{LHE <90% BIFNERL; = “ —" TR AR THA

R4 BEVBERREENEEDRASTHSHE

Table 4 Descriptive statistics for normalized biomass size spectra of each biotic community each season

VIR ESSt] PR I AR 2 PRI 2
Biotic community Season Slope Intercept Correlation Residual variance
TEUFAEY) Phytoplankton HE -0.7158 9.7603 0.2263 11.32
ES -0.2813 11.0703 0.0910 13.24
B -0.5102 9.3610 0.4160 3.97
IFUFBIY Zooplankton BE -1.5078 12.2060 0.6526 8.36
JFE= -1.0693 10. 4430 0.7606 ** 3.37
& -1.6023 13.0130 0.8219 ** 5.59
BRI A9 Totalplankton B -0.5846 11.6130 0.5027 ** 11.86
"% -0. 4656 9.3171 0.5318 9.46
== -0.4695 10. 4450 0.5268 ** 9.81
JEEA A ¥ Macrobenthos Pz —1.4550 -0. 8502 0.8730 ** 0.54
CES -1.0750 -1.0281 0. 5400 2.99
#*ZE -2.0149 -4.9533 0.9337 * 1.19
UF Uk A=) Nekton HF% -1.7712 11. 6083 0.7596 ** 5.36
ZE -2.9352 16.3694 0.7877 ** 6.91

=+ fHIEA B3, P<0. 01
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BRI A Py et i () 2 D VA R 36 hy — 1. 22 (LA iy 7 ) Rl — 1 ( AR FR B ER oy 567 ), bR ff 9 B G
AR RE | B SR 2k 09 80 A 22 1 U5 T 2k AR 56 R BICGRAE T BF A B Reoe IR I R R 1927

5 i F T RAEHES i B R R AR B 1) 4 S8, A T WG SR VL 10130 R VAR DRV AR 1 1 DA
B, o W ok ABC IHZRPIGETHE , IR ILHEAT BN B U — AL AL 3 K-x® o bm Ak A 4 e i e v [l )3 )
RIS RER RN X A WAL A sk i B H B AN R B s R IS 4 A Jr 22, 1% He ik
TTRAHEIE T — AL, FRE REL(SF) N SEN A, B8 REL(TSF) 45 SF I,

IS5y PRI (SF = 0. 29) IR IESI Y (SF =0.27) BESE TR BT AH XS B E , M) () 2 A 2 )
(SF=0.43) FFKAEY (SF=0.01) &R R BAARE s L5 B4 21, W B I AE P (SF=0.22) BETE ek

7
0T e %5 it #E
6 -
25 ¢ y=-1.4550x — 0.8502
s | R2=0.8730
20
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3 -
10 \ 5 L
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O 1 1 1 1 1 J 0 1 1 1 1 ]
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Ipg Ing lpg Img logx (23K 43T 8 AFDW/g)
loga(& B EC content/pg) .
25 N JEA 24 e
. SRR kS S <&
] A r
~ £ y=-1.0750 x - 1.0281
E 2 200 R2=0.5400
£ 2 at .
N
oot 3+
= .
1 2
< 2 -
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14 i vk A 16 .
L) = N ek e e
7 12 r = —1.2567x+ 13.9476
g o R 0ks1a 21 o\ o y=-1.5005x+ 15.6656
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Fig.4 Normalized biomass size spectra seasonal variation of each biotic community
EWHK AW (SF =-0.35) BER IR ATRE L A REVE , BUARUE REL(TSF =0.06) K T2 IS (E (RF =
0.40) , BEHIMS % VL 13T 7 i E MU RE VS AR E M 22 | S2 A LB ™
R5 EYBEEREHTMGAER

Table 5 Assessment model of biotic community

%ﬂ@ﬁ%% _ BNt W Ky 2 2 ﬁ%—??&& SF
Biotic community Season Stability factor
PFIEAEY) Phytoplankton HZ -0. 10 -0.21 0.23 0.27 0.05
HZE -0.29 -0.72 0.09 0.20 -0.18
ZE 0.61 -0.41 0.42 0.53 0.29
TFUF 314 Zooplankton K -0.11 -0.07 0.65 0.18 0.16
FES -0.86 -0.02 0.76 0.47 0.09
e 0.04 -0.12 0.82 0.34 0.27
JEMGAE 4] Macrobenthos HZE 0.49 -0.21 0.87 0.55 0.43
RS -0.22 -0.01 0.54 0.03 0.09
ZE 0.29 -1.03 0.93 0.41 0.15
i#UK £ Nekton BF -0.69 -0.59 0.76 0.56 0.01
ZE -0.31 -3.74 0.79 0.44 -0.71
SR{E RY >0 =0 ~1 0.58 0.40

Reference value

2.6 FREEGA K A

MK R IR R B ] 1255 75 Qe 48 0L 181 5 (8T 6, He v g K R 5 9 32 S 0 Y1 O VA A S T LA
( DIN) FITCHL#E (DIP) |3 A2y H B i 0 280 KK B b o 5 DURR W R 58 ot i AR X AR WL, F0y5 e R+ &
MG — RO BT R EEOR
3 g

IR TS RS E PR S5 YR Z RE R OGS R A G, HA S AL & S M AT W D7 T % L, ABC i iy
FRZHET Connell YT EEHE BN U FN Huston HYFRNIE ZAEPERUL, AT LA o0 BT AS [l BsH 301 A [] B 3 15 450 S
FR IR R, 4 R A A ) 45 TS O] T R AE 1R 38 6 A ISRV B SE RRR E  AT AT A R R
FE R E M FRIAEAIE B A8 3 BA — 5 1 ERRATT BR 38 AT BBAT — AN I ] - 7K (b ) o SR e
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Fig.5 Integrated pollution index seasonal variation of marine environmental factors
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Fig.6 Integrated pollution index seasonal variation of sediment environmental factors
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