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Abstract; Small jellyfish (here including medusae, siphonophores, and ctenophores) are widespread in the marine pelagic
realm. They usually constitute one of the most important assemblages of predators in pelagic food webs by serving as a direct
link between zooplankton and higher trophic levels. They can at times be the most abundant non-—crustacean invertebrate
predators due to their great voracity and their rapid population growth, resulting in extensive seasonal blooms. Thus, studies
on small jellyfish have become popular in marine ecology. Studies concerning zooplankton distribution at large spatial scales,
particularly for weak swimmers like small jellyfish, emphasize the importance of the physical characteristics of water

masses, including salinity and temperature. In our study, the seasonal abundance and horizontal distribution of small
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jellyfish were assessed in the Changjiang Estuary ( Yangtze River) and the adjacent East China Sea (29°00'—32°00'N,
122°00'—123°30'E) in 2002/2003. The Changjiang Estuary and the adjacent East China Sea are one of the most
productive aquatic ecosystems. High primary production supports high fishery production in adjacent coastal waters,
including the Changjiang and Zhoushan fishery grounds. A total of 41 species of small jellyfish (11 siphonophores, 28
medusae, 2 ctenophores) were collected. Numerically, siphonophores were most abundant (58.56% - 91.05% of the total
collection by number ). The dominant species were the siphonophores Diphyes chamissonis, Muggiaea atlantica, and
Physophora hydrostatica and medusae Liriope tetraphylla, Solmundella bitentaculata, and Eirene brevistylus. Muggiaea
atlantica was dominant all year round, particularly in spring (76.19% of the total collection by number) and winter
(39.12%) . D. chamissonis was dominant in summer and autumn, with abundances of 249.03 ind./m’(73.82% of the total
collection by number) , and 98.04 ind./m’(73.80% ) , respectively. The numerical abundance of small jellyfish was highest
in summer (337.33 = 55.68 ind./m’), lowest in winter ( 113.69 + 32.72 ind./m’), and intermediate in spring and
autumn (142.09 + 67.71 ind./m” and 132.84 + 35.17 ind./m”). Seasonal variations in the abundance of small jellyfish
were closely associated with the surface water temperature. The average surface water temperature peaked in summer (27.26
+ 0.02 C). Then, both the temperature and salinity in the studied area were suitable for the development and reproduction
of D. chamissonis. In addition, the summer upwelling and its associated high productivity might also benefit the jellyfish
because large numbers of carnivores ultimately require an elevated level of primary production. There were strong
correlations between temperature, 10-m water salinity, and small jellyfish abundances (P < 0.01) , suggesting that they are
important in determining the spatial distribution of small jellyfish. The bottom salinity in spring was positively related with
the abundance (P < 0.05), and the 10-m water salinity in summer was also positively correlated with abundance (P <
0.01). In winter, the abundance was obviously increased from inshore to offshore. In addition, small jellyfish abundance
was also strongly correlated with their food, small copepods (P < 0.01) , which proved the importance of food availability
for carnivores. This study provides basic knowledge on the distribution patterns of small jellyfish, which is essential to
further understand the ecological roles played by small jellyfish and their responses to the hydrological conditions in the

Changjiang Estuary and the adjacent East China Sea.
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Table 1

adjacent East China Sea

KT ARBEAIREKRE (°C) FNEIKBERE (ind./m? ) HEHITL

Seasonal variation in sea water temperature (°C) and abundance of small jellyfish (ind./m?) in the Changjiang Estuary and

o # 2 Spring H 7 Summer FZ Autumn 47 Winter
S TR TReRERE TSR TR

Mean + S.E. Mean +S.E. Mean +S.E. Mean +S.E.
K2R Surface water temperature 17.33+0.04 27.26+0.02 18.86+0.06 10.36+0.08
10m 2 10m water temperature 17.54+0.05 26.11+0.07 19.62+0.06 10.64+0.08
JEJZIE Bottom water temperature 17.39+0.04 23.08+0.11 19.99+0.06 10.99+0.08
# 4¢2 a Chl @ mg/m® 0.71 3.42 1.26 0.61
NI EZEERE (ind./m®) Small copepod abundance 1401.59+512.08 3449.49+554.13 923.99+284.14 886.89+174.01
INESFKEEEBE (ind./m?) Small jellyfish abundance 142.09+67.71 337.33+55.68 132.84+35.17 113.69+32.72
FKIE /K ¥ (ind./m?) Hydromedusae abundance 11.86+3.50 48.81+8.48 21.13+4.54 47.11£32.71
K EEEFE (ind./m?) Siphonophore abundance 129.37+66.64 288.62+46.84 110.64+34.17 66.58+32.38
HiZK B =EJE (ind./m?) Ctenophore abundance 0.86+0.46 2.47+0.71 1.07£0.50 -

“w_»

ARAHB o R o B S A A )

2.3 /NRDKEEEE R S Z T AR

W 2 Fias, A KILHEEL 6 M LS KIUFE R MAKEENE BEBRFE R, 050 44.47
ind./m* 1 81.74 ind./m* ; RUE KB R B AR — R HFh P53 54 249.03 ind./m*F1 98.04 ind./m’,

R 2 KIIOREKIE/NEK RS
Table 2 Dominant species of small jellyfish in the Changjiang Estuary and the adjacent East China Sea

. - KPPERSRR,  DUSDNEARE AU PIREAR K AR
Dominant species Parameter Muggu'wa Liriope Dlpﬁyes ' .S.olmundella Physopho'ra El'rene
atlantica tetraphylla chamissonis  bitentaculata  hydrostatica brevistylus
# Spring 2002.4-5 Y 0.44 0.02
X 81.74 5.23
RA/% 56.41 3.61
OF/% 76.19 42.86
X Summer 2002.7-8 Y 0.05 0.1 0.71
X 27.97 37.33 249.03
RA/% 8.29 11.07 73.82
OF/% 55.56 88.89 96.3
& Autumn 2002.11 Y 0.02 0.63 0.07 0.01
X 4.78 98.04 13.13 6.28
RA/ % 3.6 73.80 9.89 4.73
OF/% 51.85 85.19 74.07 22.22
4 Winter 2003.2-3 Y 0.27 0.04
X 44.47 14.64
RA/% 39.12 12.88%
OF/% 67.86 32.14

Y R X I E B (ind./m? ) RA JgARRS 5 OF Syt BUAT% | 25 45 R AR AR SRS A 3
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Fig. 2 Spatial distribution of different groups of small jellyfish in the Changjiang Estuary and adjacent East China Sea (ind./m?),
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Fig. 3 Temperature and salinity adaption of Muggiaea altantia, and Diphyes chamissonis
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Table 3 Linear regression between sea water temperature, sea water salinity and abundance of small jellyfish

ZE7Y Season [F1 )5 )72 Linear equation N R F P

% Spring A=-32.14+1.295, 27 0.48 5.82 0.0261

H Summer A= -11.15+0.99 S, 27 0.56 11.19 0.0026

K Autumn - - - - -

£ Winter A=-24.74+2.96 1, 27 0.64 17.32 0.003

24F All seasons A=-18.64+0.68 1,+0.55 S, 102 0.49 7.31 0.0003
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Appendix I Species list of medusae, siphonophores and ctenophores in the Changjiang Estuary and the adjacent East China Sea

) Fo3 Spring E Summer Fk Autumn £ Winter

2 Species
2002.4-5 2002.7-8 2002.11 2003.2-3

FIML S Phylum Cnidaria
K 1 4% Class Hydrozoa
K BRI 44 Subclass Hydromedusea
KEEH Order Anthomedusae
ST 3K EE Turritopsis nutricula + +
FEICAM 7K B Ectopleura dumontieri +
e K B Cytaeis tetrastyla + +
BAR KB Nubiella larva
HoARAE K Euphysa aurata +
ELAEIKB) Euphysora bigelowi +
HEE TR Bougainvillia principis +
R Fk R Bougainvillia sp. +
DU GBI IK B Nemopsis bachei +
B I K £ Leuckartiara sp. +
H A= [CK B Sarsia japionica +
WoKKEEH Order Limnomedusae
TR LR Gonionemus sp. +
HokEEHE Order Leptomedusae
B SEMEK B Clytia folleata +
L ERIEME K BE Clytia hemisphaerica + +
FEA K Clytia sp. +
AR BE Laodicea undulata +
RIBHKEE Malagazzia carolinae +
1S \AUAR K B Octophialucium solidum +
S A 7K B Eirene brevistylus
FISE 7K £ Eirene spp. + + +
UG 11 75 [C /K B Sugiura chengshanense +
HEIY 245K B Aequorea conica + +
FR K EE Blackfordia manhattensis +
H AT IE obelia spp. + + +
K EEH Order Trachymedusae
2 e K B Aglaura hemistoma +
W= KA Solmundella bitentaculata + + +
LK FHAK B Solmaris rhodoloma +
DU /N KR Liriope tetraphylla + + + +
(= SHR A Subclass Siphonophorae
HKEEH Order Siphonphorae
KUK Muggiaea atlantica + + +
WA KB Diphyes chamissonis +
FOBUAE KB Diphyes bojani +
SERUE KB Diphyes dispar +
LA == K B Lensia subtiloides + + +
Jr 2 KB Abylopsis tetragona + +
INTT I 2 K B Abylopsis eschscholtzi + +
e K EE Bassia bassensis +
PEHE/INRKRE Nanomia bjuga + +
KK Physophora hydrostatica +
UKL Enneagonum hyalinum +
MiZKBETT Phylum Ctenophora
Tl -4 Class Nuda
JIKEEE Order Beroida
JRIK B Berie cucumis + + +
A fil T4 Class Tentaculata
BRHiKEEH Order Cydippida
BRI i 7K Pleurobrachia globosa + + +
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