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Fig. 1. Schematic representation of marine food chain structure with emphasis of copepod-fish-
jellyfish triangle trophic relationship, being affected by human forcing.
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Fig. 2. Relationship between body (carapace for

nauplii and prosome for coepodites and adults)
length and body carbon weight of the copepod
Calanus sinicus (Uye, 1988).
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Fig. 3. Relationship between temperature and devel-
opment time from egg-laying to hatching,
copepodite stage I (CI) and adult (CVI) of the co-
pepod Calanus sinicus (Uye, 1988).
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Fig. 4. Relationship between temperature and specific growth rate during copepodite stages for 9 co-

pepod species important in Japanese coastal waters (12, 1997).
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Fig. 5. Seasonal variation in biomass of total cope-

pod community and composition of dominant spe-
cies in Fukuyama Harbor, central Inland Sea of
Japan (Uye and Liang, 1998).
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Fig. 6. Plankton food chain structure in the Inland

Sea of Japan in terms of carbon biomass (redrawn
from Okaichi and Yanagi, 1997).
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Fig. 7. Plankton food chain structure in the Inland
Sea of Japan in terms of production rate (Okaichi
and Yanagai, 1997; Uye and Shimazu, 1997).
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Fig. 8. Poll results showing the period (<1982, 1983 —1987, 1988 —1992, 1993 —1997, and 1998 —2002)
when Aurelia aurita medusa population began to increase in the Inland Sea of Japan. <1982
means that the occurrence of A. aurita was the same before 1982 as in the present (i.e. 2002). Col-
umns indicate percentage of the respondents for respective periods. A line indicates cumulative per-

centage (Uye and Ueta, 2004).
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Fig. 9.

Schematic representation of the seasonal life cycle of the giant jellyfish Nemopilema

nomurai. Inter-stage durations are also shown (Kawahara et al., 2006).
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Jellyfish spiral

Jellyfish dominatec
ecosystem

: Human forcing
i 1) Over-fishing

i 2) Global warming
i 3) Eutrophication i
! 4) Marine construction
i 5) Others :

Fish dominated
ecosystem

Fig. 11.

eggs and larvae, the more
i jellyfish prevail, the more :
i fish would be eradicated

Schematic representation of the “jellyfish spiral” . Various human impacts may degrade

the coastal environment and ecosystem to favor jellyfish populations over fish. Once jellyfish in-
crease, it may become more difficult for fish to recover their populations due to higher predation
on their eggs and larvae by jellyfish, and accordingly more jellyfish would prevail (redrawn from

Uye, 20052).
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Fig. 12. Occurrence of the giant jellyfish Nemopilema nomurai in the Bohai, Yellow and East China
Seas along 3 cruise lines of ferries between Japan and China during 4—8 July, 2009. S and E denote
the start and end points of daily sighting survey, respectively. Each column represents the num-

bers of medusae counted for every 5 minutes
young medusae in June and July is essential
coastal waters.
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Studies on Functional Roles of Zooplankton in Coastal Marine Ecosystem:
Toward Restoring Productive Seas for Global Sustainability

Shin-ichi Uye

Abstract

One of the goals of aquatic ecology and biological oceanography is to determine the
qualitative and quantitative aspects of material or energy flow operating in food chains
starting from phytoplankton up to higher trophic-level animals, including commercially
harvested fish. Due to rapidly growing human activities, it becomes crucial to investigate
anthropogenic pressures on the marine ecosystem, in order to sustain fish production. This
article summarizes the author’s studies on the production ecology of zooplankton, mainly co-
pepods as food for fish, and the recent problematic blooms of jellyfish in both the Inland Sea
of Japan and East Asian marginal seas.

Zooplankton, of which copepods are the dominant taxa, play a pivotal role as grazers of
primary producers, carbon drivers as secondary producers and prey for economically impor-
tant fish. For some 30 years, I have been conducting ecological studies of copepods by inte-
grating laboratory experiments (e.g. measurement of respiration, feeding, excretion,
egestion, somatic growth, egg production rates) and field surveys (e.g. determination of
their taxonomic composition, numerical abundance, stage composition, biomass). Labora-
tory experiments revealed that the average growth rate of copepods (g, d ') increases with
increasing temperature (7, °C), as expressed by g = 0.078¢""*"; it varies roughly from ca. 0.1
d' in winter to ca. 0.4 d' in summer in temperate coastal waters. In situ surveys in the In-
land Sea of Japan, whose fish catch per unit area is among the world’s highest (i.e., 20.5 tons
WW km * yr ' in 1986), revealed that this semi-enclosed sea nurtures the plankton commu-
nity with an efficient food chain (transfer efficiency: 28% from primary to secondary pro-
duction, and 25% from secondary to tertiary production). Copepods contribute 74 and 79%
of biomass and production rates among secondary producers, respectively, indicating that
the phytoplankton-copepod-fish linkage is the main food chain leading to the efficient fish
production.

In the last two decades, however, the highly productive fishery grounds of the Inland
Sea of Japan have been seriously degraded, as manifested by a remarkable decline of fish
catch and a concomitant increase of jellyfish populations (primarily the moon jellyfish
Aurelia aurita s.l.). Our field survey demonstrated that jellyfish carbon biomass usually
surpasses prey zooplankton biomass and their predation impact is almost equivalent to the
amount of carbon produced by copepods alone. Increased human impacts, such as over-
fishing, warming, eutrophication, changing nutrient composition, marine construction, etc.
may benefit jellyfish more than fish. Since fish and jellyfish are adversaries competing for
the same prey resource (e.g. copepods) and can also be prey for each other, it is theoretically
possible that if the more jellyfish prevail, the more fish are eradicated. The above-mentioned
human-induced perturbations occurring in Chinese coastal waters may be responsible for the
recent dramatic proliferation of the giant jellyfish Nemopilema nomurai in the East Asian
marginal seas. Thus, the jellyfish-dominated coastal seas constitute an endpoint of marine
ecosystem deterioration brought about by reckless human pressures on the environment.
Human beings will demand more food from the ocean to feed the growing world population,
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and hence fisheries sustainability in the East Asian marginal seas, the world’s most produc-
tive fishery ground, is critically important. Lastly, I would like to propose the concept of
“sato-umi” , a coastal sea with high productivity and biodiversity anchored on rational and
beneficial human interaction, where copepod production would be most efficiently trans-
formed into human food.

Key words: copepods, fish production, jellyfish bloom, Aurelia, Nemopilema,
anthropogenic impact, Inland Sea of Japan, East Asian marginal seas
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