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What is happening in the Yellow Sea and East
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@ Long-term variations of macrobenthic community in the
southern Yellow Sea

Long-term variation of dominant species in each region -- literature analysis

Xu Yong, Li Xinzheng, Wang Hongfa,
Zhang Baolin. Seasonal and spatial
variations of macrobenthic
community structure and diversity
in the South Yellow Sea. Aquatic
Ecosystem Health & Management.
2016, 19(1): 92-100.

Variations of dominant macrobenthic species in the southern Yellow Sea
(WR: western region, MR: middle region, ER: eastern region of the southern Yellow Sea)



@ Long-term variations of macrobenthic community in the

southern Yellow Sea

Community structure -- data analysis
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@ Long-term variations of macrobenthic community in the
southern Yellow Sea
Relative number of species and relative abundance -- data analysis
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@ Influence of the Kuroshio Current on the East China Sea shelf



@ Influence of the Kuroshio Current on

Community structure of demersal fish --

Agassiz trawl in the East China Sea

The position of the left edge of the kuroshio group was
consistent with the Nearshore Kuroshio Branch Current

(NKBC)

Sampling time
August-September, 2015
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@ Influence of the Kuroshio Current on the East China Sea shelf

Distribution of typical species in the transitional group --

Agassiz trawl in the East China Sea
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@ Influence of the Kuroshio Current on the East China Sea shelf
(February-November, 2015)

Principal component analysis (PCA) plots for environmental variables.

Correlations of environmental variables (a), eigenvalue (b), and mutlivariate analyses of
environmental variables through a scatter diagram by regions (c) and months (d), respectively.

[ 4 Sampling site ||

Yangtze river

Location map of sampling sites in the East China Sea. (a) Kuroshio and its branches
(NKBC: Nearshore Kuroshio Branch Current; OKBC: Offshore Kuroshio Branch Current)
suggested by Yang (2012) and Wang (2016). (b) Seven sampling sites corresponding to
three regions (Site 1-3: the West Region; Site 4: the Middle Region; Site 5-7: the East

Region). (c) Sampling procedure for each month (the black rectangle: physical, Depth, salinity and density were highly correlated with each other, but
chemical and biological site; the white rectangle: only physical and chemical site). . . . .y
negatively associated with turbidity.

. . East Region and Middle Region were characterized by high water
Sampling time depth and salinity, whereas West Region was featured by high turbidity
February-November, 2015 February, March and April were characterized by low temperature,

and the rest months (except May and June) were opposed



@ Influence of the Kuroshio Current on the East China Sea shelf
(February-November, 2015)

(@)  Non-metric multidimensional scaling ordinations (nMDS) for
macrofauna.
(b)  Spatial distribution of different communities.

Community structure

o 150
52 100
(53
25
=0
gz
mo .
Community
Inshore
Kuroshio
Solenocera sp.
Sofenocera alticarinata Offshore
Lepi alata
Porfuinis Region

Aceies chinensis H
Atypopenasus stencdactyius Middle
Xanophthalmus pinnotharoides East
Polydactylus sextarius

Nassaris siguiiorensis Month
Paiasmon graviert
Portunus infubsrcuiaius
ORLS rubi I
Salenocera crassicornis

is scutata

O l gravieri

Ophiura kinbergl
Tmnopleurus toreumaticus a West

f iclt japoMicus
O it sasciatus
Minaus pusillus
Solenocera melantiio

Hoplichthys fangsdorfi
Antedon semata
Paradorippe gramulaia
Raeta peflicula

P arsivs

Sapiafa birostrata

Charmipsadan snyderi

Coslorinchus muliispinulosus

Mafpadia rarstzii

Camatapsis rubida

| Schizaster iacunosus

Parapenaoopsis hardwickil

Craspidastar hespeius

Calliactis faponica

Siphanafia spadicea

Luidia quinaria

Philine sp.

Aseraggodes kobensis

Carcinoplax longimamus

Dinematichthys fuocosteoides

Solenocera koolbeli

Cali doryssus

Caflionymus benitegurf » o o o
] Ward'’s hierarchical cluster analysis and nMDS
Cynqg/«?ssh.'s Ftllgrruutus . . P
ooy ordination suggested three communities
Alphaus digitalis

Artsasartoys ovara existing in the study area, named as: Inshore
c,"?ym” Community, Kuroshio Community (because of
the pass of NKBC), Offshore Community.
Kuroshio community existed during the survey
(Fig. b).

Ward'’s hierarchical cluster analysis

February-November, 2015



@ Influence of the Kuroshio Current on the East China Sea shelf

We could preliminary confirm the existence of NKBC from the angle of macrobenthic community, with species
collected by Agassiz trawl in the East China Sea shelf and a section off Yangtze river estuary. The kuroshio did
influence the East China Sea shelf.

Evidence

(@ Agassiz trawl in the East China Sea shelf: The position of the left edge of the kuroshio group was consistent
with the Nearshore Kuroshio Branch Current (NKBC).

(@ Agassiz trawl in the section off Yangtze river estuary:. The species composition in middle sites (Kuroshio
community) were different from other sites, this phenomenon existed all year round.
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(3 Global change and long-term variations 1950
of the species distribution pattern in the
Yellow Sea and East China Sea
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(3 Global change and long-term variations of the species distribution
pattern in the Yellow Sea and East China Sea

Polychaetes 1950s-2010s
1950s  2000s 2010s 1950s  2000s 2010s

E— —eenll
Hi5R Efavn R
Notomastus latericeus Nephtys oligobranchia

== BREARRSSIER (KEY)
Paraprionospis pinnata Onuphis geophiliformis
—l —eemll
B EHRRITREE R ERRIR
Ehlersileanira incisa Ninoe palmata

hwanghaiensis 1950s  2000s  2010s 1950s  2000s  2010s

From 1950s to 2010s, most opportunistic polychaete species with small size increased in abundance and distribution
range. Large size species like Onuphis geophiliformis also increased in diatribuion range, but decreased in abundance.



(3 Global change and long-term variations of the species distribution
pattern in the Yellow Sea and East China Sea

Echinoderms 1950s-2010s
1950s 2000s 2010s 1950s 2000s 2010s

MZREi=E SEKEIE

Schizaster lacunosus Ophiura kinbergi
A=y = HAERRIERE
Amphioplus ancistrotus Amphioplus japonicus

ﬁﬁfﬁﬁﬂiﬁ@_ RIKEECEYEE
Amphiura vadicola 1950s 2000s  2010s 1950s 2000s  2010s ophiura sarsii vadicola

From 1950s to 2010s, most echinoderm species decreased in abundance and distribution range. Ophiura sarsii
vadicola decreased in distribuion range, but increased obviously in abundance.



(3 Global change and long-term variations of the species distribution
pattern in the Yellow Sea and East China Sea
Mollusks 1950s-2010s

1950s 2000s 2010s

pr—

SEEZRERR Thyasira tokunagai
Distribution range: No obvious variation
Abundance: Increased in 2000s

DM RE24S Clinocardium californiense

Distribution range: Fragmentated
Abundance: Decreased

1950s 2000s 2010s

From 1950s to 2010s, Small size cold water species mainly distributed in the Yellow Sea Cold Water Mass.
Large size species decreased in abundance whose distribution was fragmented.



(3 Global change and long-term variations of the species distribution
pattern in the Yellow Sea and East China Sea
Crustaceans 1950s-2010s

1950s 2000s 2010s

p—

SHFEHAREE Xenophthalmus pinnotheroides
Distribution range: No obvious variation
Abundance: Decreased

TeBIEEEE Carcinoplax vestita

Distribution range: Fragmentated
Abundance: Decreased

1950s 2000s 2010s

From 1950s to 2010s, the distribution range of crustaceans decreased or not changed, with abundance decreased.
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Distribution area of warm water algae moved northward

Pachydictyon coriaceum

Distributed in the south area of
K Zhoushan, Zhejiang Province
originally.

Pingdao island, Rizhao, Qingdao, Shandong Province,
Shandong Province, June. 2015

July, 2015



e /K PE SRS

Distribution area of warm water algae moved northward

545
Rugulopteryx okamurae

Distributed in the south area of
Nanji island, Zhejiang Province
originally.

Gougqi island, Zhejiang
Province,
July, 2015



Investigation results during first half year of 2015
(1) Found the distribution area of some algae move northward, which may be related to

the increase of the sea water tempreture.

(2) Diversity and biomass of macroalgae increased.
(3) The increase of transparency of sea water may be the main reason for the recovery of

macroalgae.



e /K PE SRS

Distribution area of reef coral move northward

Zhican Tang and Jianzhang Sun found the north boundary of the distribution
area of reef coral moved northward from Dongshan, Fujian Province to Nanji
island, Zhejiang Province in 2007, and the boundary vanished for a time.

451 A2 W Oulastrea crispata was found in Nanji island again in May, 2015

Naniji island, Zhejiang Province,
May, 2015



(3 Global change and long-term variations of the species distribution
pattern in the Yellow Sea and East China Sea

Conclusion

Polychaetes: most opportunistic polychaete species with small size increased in
abundance and distribution range; some species trended to distribute along the coastal line
and the sea area off Yangtze river estuary with large abundance; these species could
indicate the environment condition in this area.

Echinoderms: most echinoderm species decreased in abundance and distribution range.
Cold water species like Ophiura sarsii vadicola decreased in distribuion range, but
increased obviously in abundance. The decrease of distribution range of cold water species
may be related to global warming.

Mollusks: Small size cold water species mainly distributed in the Yellow Sea Cold Water
Mass. Large size species decreased in abundance whose distribution was fragmented.
Crustaceans: no obvious variation in distribution range and abundance.

From above results we could concluded that the polychaetes had the superiority in
adaptation to environment and trended to be dominant in the Yellow Sea and East China
Sea.

We found some macroalgaes with distribution area moving northward, which may be
related to the increase of the sea water tempreture.
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(@ Long-term variations of the macrobenthic community distribution

pattern in the Yellow Sea and East China Sea

e Sampling sites
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Figure Sampling sites in the Yellow Sea and East China Sea. The color shades indicate the times of sampling repeated during different periods. The darker the color is,
the more the sampling repeated. 1958-1959: 1-6 times; 2000-2004: 1-7 times; 2011-2013: 1-7 times; 2014-2016: 1-6 times.



(@ Long-term variations of the macrobenthic community distribution

pattern in the Yellow Sea and East China Sea

e (2 1958-1959

A total of 190 sites were classified into 25 communities (4 sites were not classified for their occurrence alone as significant sites)

The characteristic species were identified by SIMPER analysis (the top two species in the contribution to community similarity)
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Figure The result of cluster analysis based on the fourth root transformed abundance data of macrozoobenthos in the Yellow Sea and East China Sea during 1958-1959. The
macrozoobenthic communities were identified based on the prerequisite of significant clusters (SIMPROF test, P < 0.05) with at least 35% of the similarity level.



(@ Long-term variations of the macrobenthic community distribution

pattern in the Yellow Sea and East China Sea
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Community 1 (') Amphioplus japonicus and Maldanidae
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Community 3 (®) Onuphis geophiliformis and Lumbrineris sp.
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Community 11 (V) Sabellidae

Community 12 (¢) Lumbrineris sp. and Amphioplus japonicus

Community 13 () Ampeliscidae and Ophiura kinbergi

Community 14 ( ) Nucula sp.1 and Ophiura kinbergi

Community 15 ( ) Amphioplus ancistrotus and Onuphis geophiliformis
Community 16 () Nemertinea and Amphiuridae

Community 17 () Amphioplus japonicus and Polychaeta
Community 18 (X ) Amphioplus ancistrotus and Schizaster lacunosus

Community 19 ( ) Xenophthalmus pinnotheroides and Ophiura kinbergi
Community 20 (¥Y) Amphiura vadicola and Polychaeta

Community 21 (4.) Capitella capitata and Polychaeta
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Community 23 ( ) Nemertinea and Aglaophamus jeffreysii

Community 24 () Sternaspis scutata and Pelecyora nana

Community 25 () Callianassa sp.c and Onuphis eremita

Figure The spatial distribution of community structure during 1958-1959. The macrozoobenthic communities were
identified based on the prerequisite of significant clusters (SIMPROF test, P < 0.05) with at least 35% of the similarity
level.



(@ Long-term variations of the macrobenthic community distribution

pattern in the Yellow Sea and East China Sea

(2 2000-2004

A total of 94 sites were classified into 12 communities (9 sites were not classified for their occurrence alone as significant sites)

The characteristic species were identified by SIMPER analysis (the top two species in the contribution to community similarity)
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Figure The result of cluster analysis based on the fourth root transformed abundance data of macrozoobenthos in the Yellow Sea and East China Sea during 2000-2004. The
macrozoobenthic communities were identified based on the prerequisite of significant clusters (SIMPROF test, P < 0.05) with at least 35% of the similarity level.



(@ Long-term variations of the macrobenthic community distribution

pattern in the Yellow Sea and East China Sea
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Community 1 (V') Sternaspis scutata and Ampelisca miops

Community 2 (®) Glycera chirori and Nephtys oligobranchia

Community 3 (@) Thyasira tokunagai and Nucula tenuis

Community 4 (¢) Callianassa japonica and Nemertinea

Community 5 ( ) Glycera chirori and Ophiopholis mirabilis

Community 6 ( ) Ophelina acuminata and Periploma japonicum

Community 7 (¥) Glycera chirori and Amphioplus japonicus

Community 8 (¥ ) Amphicteis gunneri and Callianassa sp.

Community 9 ( ) Notomastus latericeus and Actiniaria

Community 10 (M) Glycera chirori and Callianassa japonica

Community 11 ( ) Ampbhiuridae and Magelona japonica

Community 12 ( ) Sternaspis scutata and Aglaophamus dibranchis

2000 - 2004 S
Community structure
(species level) Figure The spatial distribution of community structure during 2000-2004. The macrozoobenthic

: communities were identified based on the prerequisite of significant clusters (SIMPROF test, P < 0.05)

with at least 35% of the similarity level.
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(@ Long-term variations of the macrobenthic community distribution

pattern in the Yellow Sea and East China Sea

e« (3)2011-2013

A total of 75 sites were classified into 14 communities (4 sites were not classified for their occurrence alone as significant sites)

The characteristic species were identified by SIMPER analysis (the top two species in the contribution to community similarity)
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Figure The result of cluster analysis based on the fourth root transformed abundance data of macrozoobenthos in the Yellow Sea and East China Sea during 2011-2013. The
macrozoobenthic communities were identified based on the prerequisite of significant clusters (SIMPROF test, P < 0.05) with at least 35% of the similarity level.



(@ Long-term variations of the macrobenthic community distribution

pattern in the Yellow Sea and East China Sea
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Community 4 ( ) Nephtys oligobranchia and Ninoe palmata
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Community 11 (@) Paraprionospio pinnata, Eriopisella sechellensis and Notomastus latericeus

Community 12 (%) Nereis longior and Onuphis geophiliformis

Community 13 () Onuphis geophiliformis and Magelona cincta

Community 14 () Callianassa exilimaxilla and Nephtys oligobranchia

P 2011-20134F 3 7R e KB RA SN VD REVE SR B 28 (0] A o REVE IR 93 DR SRS R e W TR, DASSORIARALIE KPRl 43«
Figure The spatial distribution of community structure during 2011-2013. The macrozoobenthic communities were identified based on the prerequisite of
significant clusters (SIMPROF test, P < 0.05) with at least 35% of the similarity level.



(@ Long-term variations of the macrobenthic community distribution

pattern in the Yellow Sea and East China Sea

« @ 2014-2016

A total of 104 sites were classified into 18 communities (8 sites were not classified for their occurrence alone as significant sites)

The characteristic species were identified by SIMPER analysis (the top two species in the contribution to community similarity)
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Figure The result of cluster analysis based on the fourth root transformed abundance data of macrozoobenthos in the Yellow Sea and East China Sea during 2014-2016. The
macrozoobenthic communities were identified based on the prerequisite of significant clusters (SIMPROF test, P < 0.05) with at least 35% of the similarity level.



(@ Long-term variations of the macrobenthic community distribution

pattern in the Yellow Sea and East China Sea
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(@ Long-term variations of the macrobenthic community distribution

pattern in the Yellow Sea and East China Sea
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(@ Long-term variations of the macrobenthic community distribution

pattern in the Yellow Sea and East China Sea

Conclusion

The spatial pattern of most macrobenthic communities in the Southern Yellow Sea varied a

lot from 1958 to 2016.

The Yellow Sea Cold Water Mass Community varied a little in the spatial pattern from 1958

to 2016. However, the characterized species of this community varied a lot.

In 1958-1959, the characterized species were polychaetes, but during 2000 and 2016, the

characterized species became brittle star and a kind of bivalve mollusk.
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(3 Global change and long-term variations of the species distribution pattern in
the Yellow Sea and East China Sea

(@ Long-term variations of the macrobenthic community distribution pattern in
the Yellow Sea and East China Sea

(3 Influence of the region in 32°~33°N on the

distribution of macrobenthos.

(6 Long-term variations of macrobenthic

community in the Yangtze river estuary and its

adjacent area



® Influence of the region in 32°~33°N on the distribution of macrobenthos

Crustaceans: We found two crustaceans (Palaemon gravieri) distributed in the south of the
latitude 33°N in the Yellow Sea and East China Sea in spring and summer.



® Influence of the region in 32°~33°N on the distribution of macrobenthos

Mollusks: Nassarius siquejrensis distributed in the south of 33° N, while Acila mirabilis
distributed in the north of 33° N.



® Influence of the region in 32°~33°N on the distribution of macrobenthos

Echinoderm: Amphioplus japonicus distributed in the south of the Yangtze river estuary.

Fish: Enedrias fangi distributed in the north of 33° N.



(3 Influence of the region in 32°~33°N on the distribution of macrobenthos

» Difference between the latitude of communities in Section 4 and latitude 32 °N (T test)
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Figure Boxplots of the range of latitude of macrobenthic communities in the Yellow Sea and East China Sea during 4 periods. The white dot in this figure indicates the average value of the
latitude and * indicates the significant difference between the latitude of community and 32 ° N. The code of macrobenthic communities are the same as those in Chapter 3.



(3 Influence of the region in 32°~33°N on the distribution of macrobenthos

Conclusion

Based on the investigation data in spring and summer, 2011, we found the distribution of
crustacean (Palaemon gravieri), mollusks (Nassarius siquejrensis and Acila mirabilis ), echinoderm

(Amphioplus japonicus) and fish (Enedrias fangi) had relationship with 32°-33°N.

The region in 32°-33°N obstructed the distribution of some macrobenthos, and it may be useful

for studying the distribution of macrobenthos.

The percentage of communities whose latitude having significant difference with latitude 32 °N

decreased from 1958 to 2016.



— 32° N
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(3 Global change and long-term variations of the species distribution pattern in
the Yellow Sea and East China Sea

(@ Long-term variations of the macrobenthic community distribution pattern in
the Yellow Sea and East China Sea

(® Influence of the region in 32°~33°N on the

distribution of macrobenthos.
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adjacent area



(6 Long-term variations of macrobenthic community in the

Yangtze river estuary and its adjacent areal
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1 Number of species had low values during 1990-2000, increased during 2004-2009, and increased rapidly during 2013-2015.
2 Number of polychaete species increased during 2004-2009 and 2013-2015, with other species not obvious.

3 Number of fish species and others (species not belonging to polychaete, crustacean, mollusk and echinoderm) decreased.



(6 Long-term variations of macrobenthic community in the

Yangtze river estuary and its adjacent areal
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(6 Long-term variations of macrobenthic community in the

Yangtze river estuary and its adjacent areall

Data analysis
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Yangtze river estuary and its adjacent areall

Data analysis

2011-2012
AR 2000-2001
; 1958-1959

- K-dominance curves in different periods:
120 122 124 126

K-dominance curves had the lowest height during 1958-1959, showing
Sampling sites , - _ _

the highest diversity and the slightest disturbance, and had the

highest height during 2014-2015, showing the lowest diversity and the

most serious disturbance.



(6 Long-term variations of macrobenthic community in the
Yangtze river estuary and its adjacent area

Literature

Number of species had low values during 1990-2000, increased during 2004-2009, and
increased rapidly during 2013-2015. Number of fish species and others decreased.
Abundance: Low value in 2002; increased significantly since 2005, perhaps because of
the increase of small size polychaetes; highest value in 2012.

Biomass: In late 1990s, biomass decreased sharply because of human activity; increased
gradually during 2000; most increased species were polychaetes, and contributed little to

the biomass.

Data analysis

From 1958 to 2015, the macrobenthic community structure changed
significantly; diversity decreased with the increase of disturbance.
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Conclusion



Conclusion

The ecosystem in the Yellow Sea and East China Sea is undergoing
fundamental and irreversible change;

Climate change and human activity together influenced the variation of
marine ecosystem;

For macrobenthic community, the variation in coastal area was caused by
human activity, while the variation in offshore area by climate change;

As time goes on, the northward movement and fragmentation of
macrobenthic distribution range is inevitable;



Concl USion(continued)

In coastal community, polychaetes increased in abundance; echinoderms
increased in offshore area;

The Yellow Sea Cold Water Mass Community varied a little in the spatial
pattern from 1958 to 2016, but the characterized species varied a lot.

32° N was the boundary for the distribution of macrobenthos in the
Yellow Sea and East China Sea, like the PN line formed by the Yangtze
river diluted water;

The macrobenthos in the coastal area of the East China Sea was
influenced by branches of Kuroshio Current, and the response of
macrobenthos to the branch is not occasionally, but always.

The variation of macrobenthic abundance in low oxygen region was not
obvious, but the community structure had changed fundamentally.
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