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Abstract − Feeding apparatus, mechanism and passage of

ingested prey were described for Nemopilema nomurai (Scyphozoa:

Rhizostomeae). N. nomurai medusae without central mouths

have developed complicated canal systems connecting the tip of

the tentacle and oral arm to the gut cavity. The number of

junctions in the canal system increases with the bell diameter.

The prey is gathered by paralyzing nematocyst at the tentacles

and by adhering cirri at the oral arms and scapulets. They are

engulfed into the terminal pore located at the oral arms and

scapulets, and entered into the gut cavity via the canal system.

The estimated digestion time is 1 hour and 20 min. The

diameter of terminal pore is always about 1 mm, implying that

they could not eat prey larger than that pore size. On the other

hand, ephyrae have central mouths and could swallow prey as

large as adults could. Exploitation of the same size of food by

adult and ephyra implies that N. nomurai can affect seriously the

whole food web, massively ingesting micro- and mesozooplankton

and cutting the energy transfer toward the higher level of

carnivores.
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1. Introduction

Jellyfish rhizostomes with conspicuous eight oral arms

(Larson 1991) comprise about 80 species (Kramp 1961).

Nemopilema nomurai Kishinouye 1922 is one of the

biggest jellyfish, reaching bell diameter of 160 cm,

according to a specimen caught in the Yellow Sea in 2006

(Lee, unpublished data). This species is reported only in the

far eastern north Pacific including the northern East China

Sea, Yellow Sea, and East Sea. Since the first appearance of

N. nomurai, recorded about 200 years ago in Korea (Chong

1814), massive occurrences have been reported in 2003,

2005, 2006, and 2007 from late spring to the beginning of

winter. Recent bloom of this species has also been reported

in Japanese coastal waters (Kawahara et al. 2006). The

jellyfish blooms are widely considered to be caused by

combined factors of fisheries overexploitation, eutrophication

and global warming (Arai 2001; Graham 2001; Parsons and

Lalli 2002; Uye and Ueta 2004; Yasuda 2004). Their mass

appearance has caused social and economic disturbances,

so the Korean and Japanese governments launched

scientific programs to elucidate the causes and

consequences of the mass occurrences of the jellyfish.

Information on the biology and ecology of N. nomurai is

extremely scarce due to the difficulties in sampling and

rearing this giant jellyfish as well as its restricted

distribution area. Recently biological and ecological studies

on N. nomurai were undertaken by Kawahara et al. (2006);

morphological characteristics described by Kishinouye

(1922) and Omori and Kitamura (2004); the influence of

ocean current on the distribution by Yoon et al. (2008).

We presumed that the mouth-like functioning terminal

pores, as described by Larson (1991) have profound

implication in the feeding behavior of rhizostomes, and that

according to the diameter of the pore, a specific size of

animal should be seriously affected, thus disturbing the

whole food web. We, then, followed the passage of the

ingested prey, measuring the diameters from the terminal

pore of the oral arm to entrance of the gut cavity, in order to

understand the internal connectivity and to show the*Corresponding author. E-mail: wdyoon@nfrdi.re.kr
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potential prey size of N. nomurai. Additionally, the feeding

mechanism and the prey size between medusa and ephyra

were compared. 

2. Materials and Methods

Nemopilema nomurai was sampled at Yorkji Island,

Tongyoung, Korea in September, 2006 by SCUBA diving

(Fig. 1). Four individuals of 33-70 cm in bell diameter were

captured, transported to the laboratory and acclimated in a

100 L plastic tub for a day without prey. Seawater filtered

onto 10 µm sieve was used and maintained at 26°C and 32

psu during the experiment. The photoperiod was 12 h light:

12 h dark. At the beginning newly hatched Artemia nauplii

(< 24 hours; ca. 650 µm in length) were given for 15

minutes at a concentration of approximately 13,000 inds

L-1. The well fed jellyfish were transferred into the other tub

without prey, and visually examined and photographed at

every 5 minutes to follow the passage of the ingested items.

Digestion time was estimated by ca. 45 cm in bell diameter

of medusa at 24°C. Prey was newly hatched Artemia

nauplii and observation was performed with the naked eyes.

The digestion time was defined here as the time needed

from the first ingestion to the complete disappearance in the

gut cavity. The same individuals were reused in the

experiment of describing the canal connection. Well fed N.

nomurai was dissected and the canal connection in the

whole body from the tentacle, scapulet, oral arm to the gut

cavity was followed by staining with methylene blue. The

diameters at each connection were measured under dissecting

microscope (ZEISS, Stemi 2000C). 

Feeding of ephyra was also examined. Artificial fertilization

was conducted with several female and male N. nomurai in

September, 2005 and ephyrae developed from polyps after

artificial fertilization in 2006. About 5 mm in bell diameter

of ephyrae were used in this study. Newly hatched Artemia

nauplii were given as prey at a concentration of

approximately 500 inds L-1. The experimental procedure

was the same as for medusa.

3. Results

Nemopilema nomurai medusa used simultaneously

nematocysts on the tentacles and cirri in the oral arms and

scapulets for feeding. The nematocysts were about 100 µm

size and located on the tentacles. The cirri were small (ca.

190 µm in length) and club-shaped, and located at the

marginal parts of oral arms and scapulets (Fig. 2). The

prey, Artemia nauplii, were immediately paralyzed by

touching nematocyst or adhered to the cirri and transferred

into the numerous tiny pores which were located at the end

of the tentacle and around cirri. The pores merged into one

main canal for each oral arm and scapulet. The canals in

the oral arms and scapulets were well branched with

number of connection increasing with the bell diameter of

the specimen (Fig. 2A, 2B). The lips along the distal

Fig. 1.Map of sampling site.

Fig. 2. Feeding apparatus in Nemopilema nomurai. Scapulet (A),
oral arm (B), and enlarged marginal part of scapulet and
oral arm (C). Abbreviations: mc main canal, bc branched
canal, ci cirri, te tentacle.
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margin of the oral arms and scapulets were frilled, thus

increasing the surface area and the number of terminal

pores (Fig. 2C). Each main canal of the oral arms and

scapulets joined at manubrium and connected to the gut

cavity (Fig. 3).

After 10 minutes with food, terminal parts on canals of

the oral arm and scapulet were full of prey. About 15

minutes later, the prey was found in the main canals of oral

arm and scapulet, and 20 minutes later, the preys were

observed in the manubrium and gut cavity. After that, the

prey filled the whole of the canals from tentacles and cirri to

the gut cavity (Fig. 4). Finally, after about 1 hour and 20

minutes, the prey in the gut cavity had completely disappeared,

and the setae and carapaces of the prey were found in the

radial canal. 

For an individual of 70 cm in bell diameter, the terminal

pore, which is the entrance of canal, was connected with the

gut cavity after 7 joints in the scapulet and 9 joints in the

oral arm. The diameter of each joint on canal decreased

toward terminal pore. And the diameter of terminal pore

was always less than 1 mm (Fig. 5), suggesting that the food

of N. nomurai should be less than that size, irrespective of the

medusa size. 

Ephyrae of N. nomurai had central mouth of approximately

1 mm (Fig. 6). The prey was engulfed by that mouth and

Fig. 3. The detailed pictures of each part in Nemopilema
nomurai. A: cross section of whole oral arm; B: oral arm;
C: gut cavity; D: upper part of manubrium; E: lower part
of manubrium.

Fig. 4. The diagram of the prey passage in Nemopilema nomurai
adult.

Fig. 5. The diameter of the branched canals and the main canal of
the scapulets (A) and oral arms (B). Last number means
terminal pore of canal.

Fig. 6. The diagram of the prey passage in Nemopilema nomurai
ephyra.
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digested in the gut cavity. The cirri and tentacles with

nematocyst were increased with somatic growth.

4. Discussion

With the following biological and ecological characteristics,

N. nomurai could proliferate and affect -- in a fundamental

manner -- the bottom of the food web. The characteristics

are i) medusa possess huge number of tiny pores which are

properly sized for feeding on micro- and mesozooplankton,

ii) the whole body, except exumbrella, is covered with

paralyzing and adhering feeding apparatus, and iii) the short

digestion time (Table 1). These characteristics also imply

that they could survive only in areas where prey species are

abundant, i.e. coastal and neritic areas. Although some

jellyfishes are reported to feed on phytoplankton (Mironov

1967; Båmstedt 1990; Matsakis and Conover 1991), the

amount is negligible compared to zooplankton prey (Arai,

1997). From a classical viewpoint, the impact of a predator

on the marine food web depends on the prey items,

quantitative and qualitative, the abundance of predators and

their ingestion rate. Generally, rhizostomes, including

N. nomurai are believed to have profound effect on the

marine ecosystem due to their high abundance, highly non-

selective feeding habits on zooplankton and ichthyoplankton

(Smith 1934; Thiel 1964; Kikinger 1983; Fancett 1988;

Larson 1991), and quasi non-existence of predators on

them. For rhizostomes, the success of non-selective feeding

should be determined by the size of the prey since they do

not have a mouth. This implies that other part of the body

should take the mouth function, which is, after Larson

(1991) for rhizostomes in general, the terminal pores. He

described that the pore diameter was less than 3 mm. This

should restrict the potential to feed on the prey. 

So far no description on the canal system has been made

for N. nomurai. Our study showed huge numbers of pores

of a diameter less than 1 mm, an efficient conveyer system

from the tip of the tentacle to the gut cavity, and a fast

digestion time. Considering a lack of conspicuous natural

predators, negligible human consumption, and voracious

feeding habit on various preys, N. nomurai medusae and

ephyrae could restructure the local planktonic food web to

an extreme simplicity, compete with other zooplanktivorous

fishes, cut the energy transfer toward the higher level of

consumer, and exert fundamental disturbance on the local

fisheries.

Acknowledgments

This study was supported by 2007-MCP3-GA-1 (Study

on jellyfish) of National Fisheries Research and Development

Institute, Republic of Korea. Ms. Lee benefited of the

Internship Program of NFRDI.

References

Arai, M.N. 1997. A functional biology of scyphozoa. Chapman

and Hall, New York. 316 p.

Arai, M.N. 2001. Pelagic coelenterates and eutrophication: A

review. Hydrobiologia, 451, 69-87.

Båmstedt, U. 1990. Trophodynamics of the scyphomedusae

Aurelia aurita: Predation rate in relation to abundance, size

and type of prey organism. J. Plankton Res., 12, 215-229.

Chong, Y.C. 1814. Jasaneobo. p. 332. In: The History of Korea,

ed. by K.S. Lee. Eul-Yoo Press. (In Korean)

Fancett, M.S. 1988. Diet and prey selectivity of scyphomedusae

from Port Phillip Bay, Australia. Mar. Biol., 98, 503-509. 

Graham, W.M. 2001. Numerical increase and distribution shifts

of Chrysaora quinquecirrha (Desor) and Aurelia aurita

(Linne) (Cnidaria: Scyphozoa) in the northern Gulf of

Mexico. Hydrobiologia, 451, 97-111.

Heeger, T. and H. Möller. 1987. Ultrastructural observations on

Table 1. Digestion time of jellyfish

Species Prey Digestion time (h) Temp. (℃) References

Aurelia aurita Herring larvae 3.8 22 Heeger and Möller, 1987

Mixed prey 0.95 22 Ishii and Tanaka, 2001

Chrysaora quinquecirrha Ctenophora < 10 26-29 Larson, 1986

Fish egg 4 26 Purcell et al. 1994

Pelagia noctiluca Medusae 8-10 27-29 Larson, 1987

Stomolopus meleagris Barnacle larvae 2 28-30 Larson, 1991

Copepods 1.5-2 "               "

Nemopilema nomurai Artemia nauplii 1.2 22-25 This study



Feeding apparatus and mechanism of Nemopilema nomurai 65

prey capture and digestion in the scyphomedusa Aurelia

aurita. Mar. Biol., 96, 391-400. 

Ishii, H. and F. Tanaka. 2001. Food and feeding of Aurelia aurita

in Tokyo Bay with an analysis of stomach contents and a

measurement of digestion times. Hydrobiologia, 451, 311-

320.

Kawahara, M., S. Uye, K. Ohtsu, and H. Iizumi. 2006. Unusual

population explosion of the giant jellyfish Nemopilema

nomurai (Scyphozoa: Rhizostomeae) in East Asian waters.

Mar. Ecol. Prog. Ser., 307, 161-173.

Kikinger, R. 1983. Biologie der Mediterranean scyphomeduse

Cotylorhiza tuberculata (Macri, 1978). Ph.D. Thesis, Univ.

Wein. 186 p.

Kishinouye, K. 1922. Echizen kurage (Nemopilema nomurai).

Dobutsugaku Zasshi, 34, 343-346. (In Japanese)

Kramp, P.L. 1961. Synopsis of the medusae of the world. J. Mar.

Biol. Ass. U.K., 40, 1-469.

Larson, R.J. 1986. The feeding and growth of the sea nettle,

Chrysaora quinquecirrha (Desor), in the laboratory. Estuaries, 9,

376-379.

Larson, R.J. 1987. A note on the feeding, growth, and reproduction of

the epipelagic scyphomedusa Pelagia noctiluca (Forskål).

Biol. Oceanogr., 4, 447-454

Larson, R.J. 1991. Diet, prey selection and daily ration of

Stomolophus meleagris, a filter-feeding Scyphomedusa from

the NE Gulf of Mexico. Est. Coast. Shelf Sci., 32, 511- 525.

Matsaki, S. and R.J. Conover. 1991. Abundance and feeding of

medusae and their potential impact as predators on other

zooplankton in Bedford Basin (Nova Scotia, Canada) during

spring. Canadian J. Fish. Aqua. Sci., 48, 1419-1430. 

Mironov, G.N. 1967. Feeding of planktonic predators III Food

utilization and daily rations of Aurelia aurita (L.). p. 124-137.

In: Biology and distribution of plankton in southern seas,

Academy Nauka, Moscow. (In Russian)

Omori, M. and M. Kitamura. 2004. Taxonomic review of three

Japanese species of edible jellyfish (Scyphozoa: Rhizostomeae).

Plankton Biol. Ecol., 51, 36-51.

Smith, H.G. 1934. The feeding mechanism and digestion in

Cassiopea frondosa. Yearbook of the Carnegte Institute of

Washington, 33, 261-262.

Thiel, M.E. 1964. Untersuchungen über die Ernährungsweise

und den Nahrungskreislauf bei Rhizostoma octopus L. Ag.

Mitteilungen aus dem Hamburgischen Zoologischen Museum

und Institut, 61, 247-269.

Uye, S. and Y. Ueta. 2004. Recent increase of jellyfish populations

and their nuisance to fisheries in the Inland Sea of Japan.

Bull. Japanese Soc. Fish. Oceanogr., 68, 9-19. (In Japanese)

Yasuda, T. 2004. Massive blooms of the giant medusa Nemopilema

nomurai Kishinouye in Japanese waters from late summer to

winter in 2002 (Note). Bull. Plankton Soc. Japan, 51, 34-37.

Yoon, W.D., J.Y. Yang, M.B. Shim, and H.K. Kang. 2008.

Physical processes influencing the occurrence of the giant

jellyfish Nemopilema nomurai (Scyphozoa: Rhizostomeae)

around Jeju Island, Korea. J. Plankton Res. (In press)


