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Abstract; Laizhou Bay, an estuary of the Yellow River, lies to the north of the Shandong Peninsula and is one of the three
largest and most important bays of the Bohai Sea. It is characterized by a high level of primary productivity and is an
important spawning, nursery, and feeding ground for many fish species in the Yellow Sea and Bohai Sea. Medusae play
crucial roles, not only ecologically in the marine ecosystem but also economically, as commercial target species for some

large scyphomedusae in Laizhou Bay. In the past few decades, the interacting impacts of climate change and human
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activities have changed the ecosystem of Laizhou Bay significantly, leading to regime shifts in biological organisms,
including medusae. Recently, increasing concern has prompted studies on the ecological impacts of changes in the
gelatinous species community of the estuary and coastal area. To explore the temporal and spatial distribution of the
composition and abundance of medusa species in the bay, annual surveys were designed and carried out from May 2011 to
April 2012 (excluding December 2011 and January and February 2012, because of the presence of sea ice). Based on the
data collected from 147 samples collected over the course of 9 cruises, nearly thirty cnidarians including twenty — four
hydromedusae, one siphonophore, and three large scyphomedusan jellyfish were identified. The species of hydromedusae
and siphonophore were small, and were collected by being vertically hauled from the seafloor to the surface using a
mesoplankton net (mesh size 160 pm). Of the smaller medusae, no common species were collected throughout the year.
Species richness peaked in August, while the total abundance peaked in May. One or two dominant species contributed over
80% of the total monthly abundance. The dominant species varied among months, with Rathkea octopunctata dominating
from March to May, Sugiura chengshanense and Euphysora bigelowi dominating in June, E. bigelowi dominating in July,
Eirene menoni dominating in September, and E. menoni and Muggiaea atlantica dominating in October. In August, E.
menoni and Obelia geniculata were abundant, but were distributed regionally in the central parts of the bay. Very few
medusa species were collected in November. Multiple statistical analyses, including cluster analysis and BVSTEP modules
conducted with Primer 6.0 software, were used to identify the best matches for environmental factors that affect the
composition of the medusa assemblages. Based on the abundance of small medusae, cluster analysis recognized four seasonal
and spatial assemblage groups. The first group, with R. octopunciata as its representative species, was collected at the runoff
inlet of the bay in spring. The second group was collected in the western section of the river mouth or the central parts of the
bay in summer. The second group’s representative species were S. chengshanense and E. bigelowi. The third group also
occurred in summer, but its location was very similar to the spring group, and it included E. menoni as its representative
species. The fourth group appeared in autumn and was collected in the river mouth or the central part of the bay, and
included two indicator species: M. atlantica and Proboscidactyla flavicirrata. According to the results of the BVSTEP
modules analysis, the water temperature had a more significant effect on the seasonal and spatial distribution of the
hydromedusae than salinity, pH, or dissolved oxygen. The three large scyphomedusan jellyfish were only caught by fishing
methods that utilized a net with a 20 mm mesh size. They occurred only at a few inlet sites after June. Aurelia spp. peaked

later in October. Rhopilema esculentum and Nemopilema nomurai were collected from June to August at only a few sites.

Key Words: medusae; assemblage; Laizhou Bay; Bohai Sea
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Table 1 Species list and occurring stations number of medusae in Laizhou Bay from May to November 2011 and March 2012, April 2012

2011 4 2012 4
Fh 44 The year of 2011 The year of 2012
Species 5 A 6 H 7H 8 H 9 A 10 H 11 H 3 A 4 A
May Jun Jul Aug Sep Oct Nov Mar Apr

HKUZH 4 Cnidaria

H A KEE Automedusa

i K BEE 4 Trachymedusae

M &5 57 F/KEE Varitentaculata yantaiensis 1 1
KUK HELN Hydroidomedusa

/KT 2N Anthomedusae

%25 = F /KB Bougainvillia muscus 1 1 1 1 1
HEEFKEEB. principis 1 3

BB BE (R EFN) Nubiella sp. 1 3 1

kT35 K EE Turritopsis nutricula 2

TR 24 s 7K Hydractinia apicata 1 1 3

J\BEFEWi7K B Rathkea octopunctata 8 2 1 3 1 1 9
DU K EE Proboscidactyla flavicirrata 1 3 1 9 2
NEEIKEE P stellata 1
Il R Bk F Euphysora bigelowi 9 10 5 3

HAR#EKEE Euphysa aurata 1

FEAMNK S Ectopleura dumortieri 7 6 3 1

HOKBETEZ Leptomedusae

- AKEE (R ZEM) Eirene sp.

B 2L FIEIKEE E. ceylonensis 2

N KA E. hexanemalis 1

AN /KEE E. menoni 1 3 3 8 10 1
IEFE KB E. pyramidalis 1 2 1 2 4
HIEIKEE Eutima levuka 1

EQEESR /KB Eutonina indicans 1

K HKE: Malagazzia carolinae 1 1 1 2
I 111 55 [k R Sugiura chengshanense 11 4

ZF B KEE Tiaropsis multicirrata 1
HHE LW KBS Clytia folleata 2
ERFEWIKEL C. hemisphaerica 4
i BB R MR KBS Obelia geniculata 2 1 6 1
BAUMIKEE Phialucium mbenga 1
BIKEEW. 2 Siphonophorae

KGR A K EBE Muggiaea atlantica 2 10 1 1

RIKEEE Seyphomedusae

1 A K EE Aurelia spp. 1 4 3 1

13 Rhopilema esculentum 1 1

VP E, Nemopilema nomurai 1 1 1 1

JFHEL Total species no. 2 9 15 12 18 18 2 7 4
BAESEEL Total sampling stations 17 18 17 18 18 18 10 18 11
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J\BL 5 Wi 7K BF ( Rathkea octopunctata) i EEH Iy e 2, % 11 A AN r A 184 H 254 8L, TUA S KB
( Proboscidactyla flavicirrata)) ANZ A 7K BE ( Eirene menoni) 351 F 7K B ( Eirene pyramidalis) < 357 K F):
(Malagazzia carolinae) W EEALMEIKE: ( Obelia geniculata) WIE3E M H LA B 2 B9FE . KEKEEH
15 H KB (Aurelia spp.) VP ( Nemopilema nomurai) F1HEEH (R. esculentum) , WHAH M TEZET7 8 A,
VIR B YA M, KR BEE S 7 A HEZE 9—10

VAR B A5 > 509% W WA R 3 H R NSRS K BE 4 H S \BEIS i K B8 |l 2R e
IKEE S H A\ = i K B ;6 H AR T EE7J(( Sugiura chengshanense) | DG Bk ( Euphysora bigelowt)
FOAE AN K EE ( Ectopleura dumortiert) 37 H Ry U R BEKEE;9 H A 10 H A 408081 KEE, 10 H b A KA
FAKEE( Muggiaea atlantica) VIR 7K EE ;8 AN 11 H WA H IR A7 40 %> 50% B Fh 2,

2.2 BUmAIA
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(7.8.9.10 H) M BRE ALK EE (8 H ) T K EE
( Turritopsis nutricula) (9 H') . KV AKEE (10,11
) B KEE(1L H) (K 4)

SRR RIIK B AE 25 21 0 H B A R < 5%
TR AR D B B, AR 30 kg/km® , VI
T 6—9 A H & HBl— iz, K 8.9 HAEY
B, T 3000 keg/km? B AEIX i H KB H B
T7 AR 9—11 H,10 H A Wk 7 i) 4 ¥ 1 38 25000
kg/km” Fll 45454 kg/km’

2.3 HEAE4
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Fig. 3  Monthly variations of small medusae abundance in
Laizhou Bay
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Fig.4 Monthly percentage contributions of the dominant species
to the total small medusa abundance in Laizhou Bay
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AESENN 5 /N B K BE 2285 R 2R 41 5 1959 4R
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SRR S AORIE A K (2 A AN 3 A ) A 5 w;ﬁ%ﬁ/J\;agmﬂwfmﬁamumﬁia%mﬁaé% |
7 S RO R S DU LS T 0
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¥ (13.86 ind/m®) KT M 26.4 ind/m* ™ | & T 1959 4E )i 2—3 ind/m? 222 1 1992 4E#hHERY 0.4—3.3
ind/m* " 1 2000 4E 2 S5 I 0.8 ind/m* Y F1 1997—2000 4 [H] LAY 1.01—5.41 ind/m* ", (B TR
T HRFETTIEAIS AR, L g Rk f it — 2B % HIE

%2 SIMPER £ &REHEBLUEMR R ITEHE S L
Table 2 Similarity of the clusters and the percentages contributed by the representative species by SIMPER analysis

BT Parameters B 1 RAM Ml-a A b F241 11
Cluster I Cluster 1I-a Cluster TI-b Cluster I1I

SEYIAEUTE Average similarity 34% 47% 38% 40%

fRZ&F Representative species

KRNI K B Ectopleura dumortieri 22% — — —

YNFFIF-/KHEF Eirene menoni — 88% 7% —

I R EL 2K BE Euphysora bigelowi 56% — — —

KIGEE LA KB Muggiaea atlantica — — 33% —

BRI A, Obelia geniculata — — — 16%

DU K EE Proboscidactyla flavicirrata — — 549% _

J\BLIE Wik ) Rathkea octopunctata — — — 83%

U 111 75 FC /K £F: Sugiura chengshanense 19% — — -

ST BT AT /N KB ep RS R V8 /KM AT 3 N BRI /K B2 SR g s IR A 0 iR g i
20 90 AFAR G A B WSO SV i BRSNS FNYT S50 R NS B & FF KBRS Fh 2 R i 2
BT 1—5 A, F4ERR Ay BUE R W3k 2 AAn S AP ARBFSE, \BEIR KR 5 H i 1S 1
Pob, HAhZ= 5 207 T3 N 38°N AR KR <14°C K2R <31.5 AUk, 38°N DAL O R MM A H
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Fig.6 Seasonal and spatial distributions of representative medusa species abundance in Laizhou Bay
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