W44 E Chinese Journal of Zoology 2024, 59(1): 37 ~ 48

Ve L e e S N T 1) e K 2R e
TR SRR AL

= = 4 L™
KFE =R BRI
PRSI S SIS R, R R AE S a0 Bl 201306

W HUER M — KRB, B 2002 FIFIAZE 2017 F35E VU TR @B, M @2’
FIERCT 8 000 RKIASK N LR, ZHX —R I TRRMIT &%, SifdE. BigEhmmiE iz
I AN SR SRR, U A S IR 020 B R A, 5 BOELHE ] [R] i DR 2 JECAVS O A A
BNYITE N I PR A DRI 3 2 B R RS I . AR AT T 2021 A1 2022 4F CEIUMIT A& S 7EF L
PEIX it 3k b5 s DU R YA L RS Sk N T )ty R AR 17 KR TCE HESh A, I JLRF V& 454 S5 RPALE
BEAT M, AL 2009 F1 2010 45 CEIUHI AW P EEASORIXTEL, 2047 1 58 DU DR
BE LA 1L AR Sk N 2 ) oty KB A O MESI I IO I 84k . S5 R o, Pl i Sk N T
0 TR K TRV TG A 2 A P S i e B DU T RE A U i 17 s 258 DU M T RR AR RS 1) 28
Hrp RSy 8 RGN 15 Fh, RS 7 PRI o Fh, ElashvisEin g 3 F, TS
21 Fh X ANEM AT /N (Chthamalus challengeri) W2k, T4 (Amphibalanus amphitrite)
BT IR A P N TR Skl 1] T DR 2 Jr G T A5 A S W T 85 5 e e 1 e S DO A AR
WA (6333.30 £ 1495.49) ind/m* BEINZE (6517.33 £ 119.67) ind/m?, LY HREE L TiEE
WA (1977.04 +281.87) g/m? WEANZE (3 724.69 £ 940.94) g/m*; V1L N TR L ) A BEvE AL £
FEVESRECE BT BT ORPE ID N DRSSk R R . e s S8 DU CAE g W AR LG, Pl ig A Sk A
TE A KB RAR ML Z M BT R R D R AR AL, VR AV SRR S E - A il 2k
(ABC M) i RBERW, HAlr g S RA T RoKE. ZlXIiEERm, 5k
N AR KA AW TC B MEBN D REVE AT 2 B h SR T3, B S ATE

KGR L ANTOEE 9k, RAURWE TG HHES) Y

hESES: Q958  XHERIRIARE: A XERmT: 0250-3263 (2024) 01-037-12

Changes of Macroinvertebrate Community in Artificial
Intertidal Zone of Yangshan Port

ZHANG Yu YUAN Lin XUE Jun-Zeng*
Center for Research on the Ecological Security of Port and Shipping, College of Marine Ecology and Environment,

Shanghai Ocean University, Shanghai 201306, China

HETE EFREAHETRBE (No. 2022YFC2302800), ik O R A SRR FE T H (No. 19DZ2292500);
* JEINFER, E-mail: jzxue@shou.edu.cn;
FE—EENE k5, T, WEPA RGN ARSI E-mail: zy01041998@163.com.

Wk H I 2023-05-22, &I HI: 2023-09-11  DOI: 10.13859/j.¢jz.202423099



+38 . 242 & Chinese Journal of Zoology 59 &

Abstract: [Objectives] Yangshan Port is the world’s largest container port. The construction of Yangshan Port
began in 2002 and the fourth phase of construction completed in 2017. More than 8 000 m of wharf artificial
shoreline were formed, due to the sequential construction of the first to fourth phases of the wharf, the
connection of islands and reefs, the reclamation of land, and the docking of ocean-going ships operated by the
port. At the mean time, the ecological environment of the port sea area has gradually changed accordingly,
resulting in marine biological communities including intertidal macroinvertebrates. This paper compared the
ecological characteristics and changes of macrobenthic invertebrates in the artificial intertidal zone of
Yangshan Port in the early (2009 - 2010) and post (2021 - 2022) stages of phase IV construction, to provide
basic data for evaluating the impact of human activities, such as the operation of Yangshan Port on the
macrobenthic invertebrate community in the intertidal zone of the wharf, and the protection of marine
biodiversity and the construction of green ports. [Methods] Intertidal macrobenthos was collected at
Yangshan Port Artificial Wharf and Dayangshan Artificial Wharf in December 2021, March, July, and
September 2022 (Fig. 2), according to the standard protocol for marine studies (GB 12763.6-2008). The
temperature, dissolved oxygen, pH, and salinity of the seawater were measured on-site according to the
standard protocol for marine studies (GB 17378.4-2007). Shannon-Wiener diversity index (H), Margalef
diversity index (H'), Simpson richness index (D), and Pielou evenness index (E) were used to measure the
biodiversity of the macrobenthic invertebrate community. Primer 5.0 was used to calculate the biodiversity
index of the macrobenthic invertebrate community in the intertidal zone of Yangshan Port and draw the
abundance/biomass comparison curve (ABC curve). Canoco 5.0 was used to analyze the relationship between
macrobenthic invertebrates and environmental factors. [Results] The results showed that the species of
macroinvertebrates in the artificial intertidal zone of Yangshan Port increased from 17 species at the early
stage of the phase IV construction of the port to 28 species (Table 1), among which mollusks increased from 8
to 15 species, arthropods increased from 7 to 9 species, intestinal animals increased to 3 species, and annelids
decreased to 1 species. The invasive Chthamalus challenger disappeared, and Amphibalanus amphitrite
reappeared as the dominant species. The highest abundance of the artificial intertidal community increased
from 6333.30 + 1495.49 ind/m? to 6517.33 + 119.67 ind/m? and the highest biomass increased from
1977.04 + 281.87 g/m? to 3 724.69 = 940.94 g/m?* (Fig. 4). According to the analysis of the biodiversity of
macrobenthic invertebrate communities (Fig. 5), the annual average values of Shannon-Wiener index in the
Yangshan Port Artificial Wharf and Dayangshan Artificial Wharf were 1.556 and 1.456, respectively. The
biodiversity of the Yangshan Port Artificial Wharf was higher than at the early stage of phase IV construction,
and the biodiversity of the Dayangshan Artificial Wharf decreased significantly. According to the ABC curve
analysis (Fig. 6), the community structure of macrobenthic invertebrates in the artificial intertidal zone of
Yangshan Port Artificial Wharf was unstable and disturbed to a certain extent. The results of the correlation
analysis between the density of the macroinvertebrate community in the artificial intertidal zone of Yangshan
Port and the main environmental factors (Table 2) showed that temperature, salinity, and total suspended
matter concentration were the main environmental factors affecting macroinvertebrates (Fig. 7). [Conclusion]
Compared with the early stage of the phase IV construction, the species composition of the macrobenthic
invertebrate community in the artificial intertidal zone of the Yangshan Port has changed. The community

biodiversity index and ABC curve analysis results showed that the ecological environment of the Yangshan
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Port was at a medium pollution level. The macrobenthic invertebrate community in the artificial intertidal

zone of the wharf is still in an unstable state and faces the risk of human activities. Therefore, it is still

necessary to regularly monitor the macrobenthic invertebrate community in the Yangshan Port.
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Tablel Constitution and change of macrobenthosin the artificial intertidal zones of Yangshan Port

B ZE77 Season
Fi4 Species oﬁrzder of P 5 w= pEs %ﬁiﬁ?
magnitude Spring Summer Autumn Winter
R Zh#017] Intestinal
1 IRAE fEE Tubularia mescmbryanthemum + Ni _
SH I Heterocyathus japonicus + N 1
L JE I 35 Hicksonella guishanensis + N 1
HAT317] Annelid
Xk 7D % Perinereis aibuhitensis + N 1
Hi Vb4 P cultrifera !
J:tafly b % Pseudoneres variegata !
BAAZ) 1] Molluse
502 Littorina brevicula + N N N N .
FHRE LI UE L. scabra 4+ N N N N _
W EUEIZ Nerita yoldi 4+ N N N N _
/INEETE A Nodilittorina exigua + N N N N _
Y7 2 Thais clavigera ++ N N N _
HZ%j1£12 Sphonaria japonica + N N N N 1
%I Mitrella bella + N o
H1 8% Cantharus cecillei + N 1
1% Cellana toreuma + N N N N _
G 2R I Nipponacmea schrenckii + i \ _
g 4115 Saccostrea cuccullata ++ N N _
JEYT 445 Magallana ariakensis ++ N N N N .
WEZiH Mesocibota bistrigata N 1
i Barbatia virescens N 1
%7 41 % Lepidozona coreanica N 1
M5E L Arcuatula senhousia !
i3] Arthropod
I Ligia exotica ++ \* N N _
5 KA Macromedaeus distinguendus !
/MK IR 27 5 2 Paguristes zhgjiangensis + Na N o
VY 6 KA Metopograpsus quadridentatus ++ N N _
32 & /] Tubuca arcuata + N 1
4 A2 Amphibalanus amphitrite 4+ N N N N 1
LRk A. reticulatus +H+ N N _
475 /NS Chthamalus challengeri !
H AL AT Tetraclita japonica + N N N N _
P8 B A Fistulobalanus albicostatus + N N _
Ve E A F. kondakovi 4+ N N N N _

+ FORGFEE G T 1%; ++ FoRiGEE EHAT 1% ~ 10%; +++ FoRizfgi KT 10%; N FoRig e & i
BRI N BRI R RN A E S B L — RN AESE DU TR A R S L | RoR %R R A
AR RS 1 RN IEAMEAR VR A . AR 3873 Hh A L 58 U 300 T ) 0 L TR R 0 A B SRR 9 225 SR (AR
W 2011, EER 2014, NS 2014).

+ indicates that the proportion of this species is less than 1%; ++ indicates that the proportion of this species is between 1% and 10%; +++
indicates that the proportion of this species is more than 10%; \ indicates that the species only appears in qualitative samples; \ indicates that the
species appears qualitatively and quantitatively in the corresponding season; — means that this species appeared in the early stage of the Yangshan
Port phase IV construction and now; | indicates that the species was not collected in this survey; 1 indicates that this species only appears in this
survey. The source of species data in the early stage of the Yangshan Port phase [V construction is the reference (Xue J Z et al. 2011, Wang B Q et
al. 2014, Zhuang H et al. 2014).
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The source of data in the early stage of the Yangshan Port phase IV construction is the reference (Xue J Z et al. 2011, Wang B Q et al. 2014,
Zhuang H et al. 2014).
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The above figures showed the seasonal changes of community biodiversity after the construction of the IV phase of Yangshan Port (2021 and
2022), and the below figures showed the changes of community biodiversity in different construction periods of the IV phase of Yangshan Port.
The source of data in the early stage of the Yangshan Port phase [V construction is the reference (Xue J Z et al. 2011, Wang B Q et al. 2014,

Zhuang H et al. 2014).
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Fig. 6 Theabundance/biomass comparison curves of macrobenthosin

the artificial intertidal zones of Yangshan Port

» FE. KFLTSSk. Above figures are Yangshan Port Artificial Wharf, below figures are Dayangshan Artificial Wharf.
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Table2 Themain environmental factors of Yangshan Port

s R TR FSREY)| FIEE R s
H 43 Month Temperature pH Salir;nitx(‘y ) Dissolved Total suspension Phytoplankton ~ Zooplankton
(C) YU oxygen(mg/L)  (mg/L) (mg/L) (mg/m’)
3 H March 14.58 +0.04 8.46+0.03 17.95+0.03 8.23 +0.03 169.84 +2.59 27.31+0.76 4.92+0.29
7 H July 25.96 +0.11 8.45+0.02 19.89 +0.04 7.01 £0.03 70.68 = 1.77 13.69 + 1.56 2.19+0.26
9 H September 21.28 £0.09 8.11+£0.06 16.93 +£0.06 7.57+0.05 112.14 £2.98 7.45+0.44 1.67 +0.36
12 H December 8.86 +0.08 8.23 +£0.04 20.03 +0.05 8.44+0.05 10826 +2.46 2.65+0.32 3.58+0.41




< 46 - 242 & Chinese Journal of Zoology 59 &

10F

Sp9

2 Axis-2 (13.40%)

-1.0 I I L

L
- 1.0 1.0
i1 Axis-1 (36.32%)

B 7 LB ATERS A RS 5 EE
HIREFIITR
Fig. 7 Redundancy analysis (RDA) results of the

relationship between different dominant species and
main environmental factorsin the intertidal zone of
Yangshan Port

Spl. JEViZ; Sp2. FHREIEEIR; Sp3. TLUEIR: Spd. JEH BUIZ;
SpS. JEVTHLNG: Sp6. WHIEME: Sp7. LUMEAE: Sp8. WA
Sp9. RE M Spl0. MLLU#ET; DO. R P. FiftEYE
e S ERFEs TOIESE; TSS. BiEW: Z. FiishiErE
Spl. Littorina brevicula; Sp2. L. scabra; Sp3. Nerita yoldi; Sp4.
Thais claviger; Sp5. Mesocibota ariakensis; Sp6. Ligia exotica; Sp7.
Amphibalanus amphitrite; Sp8. Fistulobalanus albicostatus; Sp9. F.
kondakovi; Spl0. A. reticulatus; DO. Dissolved oxygen; P.

Phytoplankton; S. Salinity; T. Temperature; TSS. Total suspension; Z.
Zooplankton
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Fig.1 Pheasant-tailed Jacana (Photos by SUN Xiao-Mingin Shenyang, 2011)

B2 KEE (R 2021 FHETHM
Fig. 2 Pheasant-tailed Jacana (Photosby YU Lian in Jinzhou, 2021)
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