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Abstract: The water around Jeju Island was characterized by the Tsushima warm current (TWC) being high temperature and salinity, and the Yellow sea cold
bottom water (YSCBW) being low temperature and salinity. We investigated the diversity indices, community structures and trophic level of fish species
collected by trawl net in the waters around Jeju Island during April 2004 - August 2005. We also presented ecosystem structure estimated by combination of
trophic level and the oceanographic condition. There were totally distributed 301 species in the survey area during April 2004 —August 2005, regionally 151-
229 species in TWC and 75-154 in YSCBW. Shannon’s diversity indices (H’) of TWC were 2.95-3.39, being higher than those of YSCBW (2.11-2.40), and
species richness (R) of TWC were 10.93-18.33, being also higher than those of YSCBW (6.96-12.48), except the values of October 2004. Atotal of 7,429
individuals of 98 species was seasonally examined for their dietary composition in the survey area during 2004-2005. Of which, 3,682 individuals were
observed with prey organisms. Standardized diet composition and trophic level estimates were calculated for predators in the survey area being influenced
by TWC and YSCBW. Trophic level values were diverged with range from 3.23 of the small pelagic to 4.39 of the goose fish, depending on the taxonomic
group. The analysis of trophic level values showed that ecosystem structure was different between TWC and YSCBW during April 2004 - August 2005.
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Introduction

There are many ways ecosystem can be described, for
example in terms of the information that is exchanged as their
components interact or in terms of size spectra. But perhaps the most
straight forward way to describe ecosystemis in terms of the feeding
interactions among their components species, which can be done by
studying their stomach contents (Froese and Pauly, 2000). Trophic
level (TL) represents the positions of organisms in the food webs
of ecosystem, and natural and anthropogenic activities may result
in the variations of TL. Therefore, study of TL not only reflects
trophic relationship in marine food web, but also gradually becomes
important as an evaluating and monitoring index of marine
ecosystem dynamics, biodiversity, fishery status and management
(Pauly et al., 2001).

The water around Jeju Island were influenced by the
circulation system of Yellow sea current and Tsushima current. The
fish population migrate for spawning, feeding and wintering grounds
related to seasonal changes in the environmental conditions
(Liu et al., 1990).

The ecosystem consideration of effect of fishing is gaining
importance and has become a thrust area of investigation in
assessment of exploited stocks. It is increasingly realized now that
changes in ecosystem could be due to ecological and exploitation
parameters either singly or in combination (Caddy and Garibaldi,
2000). Therefore, we need to monitor trophic levels as an indicator

of fisheries impact and further establish an ecosystem-based
management.

The goal of the present study aims to clarify some differences
in ecosystem structure between TWC and YSCBW by ecological
characteristics of fishes and oceanic conditions in the waters around
Jeju Island.

Materials and Methods

Trawl sampling and oceanographic observation: Samples were
seasonally collected as 4 times from April 2004 to August 2005 with
trawler towing mid-bottom trawl (10 cod-end knot to knot mesh size)
on R/V “Tamgu I” during 20 days each survey. Water temperature
and salinity were observed by Sea-Bird SBE 11 coupled with a
transmission meter (Sea Bird Electronics Inc. USA) being cast to
profile the water column.

Cluster analysis: The detailed oceanic characteristics in the bottom layer
in the survey-area were examined by a hierarchical cluster analysis
with afurthest neighbor clustering method using bottom water temperature
and salinity. In the cluster analysis, a standardized Enclidean distance
was used tomeasure the dissimilarities within each group (Manda, 2001).

Diversity: Catch composition between Tsushima current and Yellow
sea cold bottom water were compared in terms of abundance, species
number, Shannon’s diversity index (H’) (Shannon and Weaver,
1963) and Margalef richness index (R) (Margalef, 1958), calculated
from each station.
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Fig. 1: Map showing survey area in the waters around Jeju Island

Fish measuring: We first measured total length and wet weight of
fishes on the ship board. Stomach contents were preservedin 7%
formalin for fish diet analysis and then examinedin the laboratory. Al
stomach contents were examined under a binocular microscope.
Prey organisms were identified, weighed to the nearest 0.01 g and
counted after having been classified into various taxonomic
categories.

Diet analysis: The dietary components for each species studied
here were expressed as a percentage of numerical composition
(C,,), percentage of gravimetric composition (C,,) and percentage
of occurrence frequency (F) (Hyslop, 1980). The most important
food item was determined by using the Index of Relative Importance
(IRI, Pinkas et al., 1971),

IRI=(C,+C,)F

Trophic level: Food categories were considered to calculate
standardized diet composition and trophic level of Tsushima warm
current and Yellow sea cold bottom water during April 2004 —
August 2005 (Table 1). The calculation of trophic level (TL) were
used by Levine (1980) and Adams et al. (1983) defined food
webs in which each link is weighted according to the consumer
species’ diet.
I‘[x' =14 Zsj I'E.‘J"Pi.‘.l-
1=1
where TL is the TL of speciesi, TL is the TL of j resource of species

i,and Pij is the fraction that species j constitutes within the diet of
speciesi.

Results and Discussion

Water characteristics: The T-S diagrams show that temperature
and salinity of bottom water samples taken from the study area in
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Fig. 2: T-S diagrams. Two water masses in all seasons were classified as
clusters A and B corresponding to the water mass influenced by the
Tsushima warm current (TWC) and Yellow sea cold bottom water
(YSCBW), respectively
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Fig. 3: Map showing each area of the clusters Aand B mentioned in Fig. 2

April 2004, August 2005, October 2004 and February 2005 were in
the ranges of 7.44-21.91 °C and 32.50-34.67 psu, respectively
(Fig. 2). The detailed water characteristics in the bottom layer around
Jeju Island were further examined by a cluster analysis. As a resullt,
the water masses in all seasons were classified into two water
masses; clusters A (black circles) and B (open circles) (Fig. 2).
ClustersAand B were characterized by high temperature and salinity
and low temperature and salinity, respectively. Each area of the
clusters Aand B in the study area was also denoted with dotted and
thick lines, respectively, in Fig 3.
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Fig. 4: Comparison of total species abundance in the survey area of TWC
and YSCBW during April 2004 - August 2005
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Fig. 5: Comparison of total species abundance between fish and crustacean
in the survey area of TWC and YSCBW during April 2004 - August 2005
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Fig. 6: Variation of diversity and richness index in the survey area influenced
by TWC and YSCBW during April 2004 - August 2005
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Fig. 7: Seasonal variation of mean TL in the survey waters TWC and
YSCBW during April 2004 - August 2005

Table - 1: Prey categories used to calculate standardized diet composition and trophic level

Fauna Species group Trophic level*
Fish Benthic demersal 349
Semi demersal 3.74
Small pelagic 373
Large pelagic 4,05
Detritus feeders 349
Hairtail 391
Cephalopoda Cephalopods (squids, octopuses) 320
Crustacea Decapod crustaceans (shrimps, euphausids, crabs, lobsters) 210
Polychaeta Polychaetes 210
Bivalve Clams 1.50

*from Froese and Pauly, 2008. Fishbase. World Wide electronic publication

Species composition: There were totally distributed 301 species
comprising of fishes 174, squids 21, crabs 54 and shrimps 52 in the
survey area during 2004-2005, regionally 151-229 speciesin TWC
and 75-154in YSCBW (Fig. 4). The species abundance of April and
Octoberin 2004 were quite similar with 156 and 154, also 151 and
149 in TWC and YSCBW respectively, however there were big
differences as 165 and 75 species on February, 229 and 77 species
onAugustin 2005 of TWC and YSCBW.

Mean species abundance of semi-demersal fish, shrimp,
crab, benthic demersal of TWC accounted for 29.3%, 18.3%, 14.4%
and 7.5%, respectively according to taxonomic group, and those of
YSCBW were similarly recorded as 24.2%, 20.9%, 10.1% and
10.1%, respectively (Table 2).

In case of fish and crustacean, species abundance were
relatively similar with 89 and 100, 92 and 95 on April and October of
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Table - 2: Abundance of species number in the survey area influenced by TWC (Tc) and YSCBW(Yc) during April 2004 - August 2005

Mean Season
Fauna Group Total
(%) 2004 Apr. 2005 Aug. 2004 Oct. 2005 Feb.
Tc Yc Tc Yc Tc Yc Tc Yc Tc Yc
Fish Benthic-demersal K’ 75 10.1 12 19 1 2 1 14 18 1
Semi-demersal 55 29.3 242 KU) 9 7 15 4 40 66 16
Croakers 10 2.2 4.2 2 9 2 1 4 4 7 5
Rock fish 17 4.0 2.6 7 5 5 1 5 5 1 1
Deftritus-feeders 3 1.6 0.9 3 1 1 3 2 4 1
Dories 2 1.2 0.9 2 2 1 2 2 2 1
Goose fish 2 1.2 1.3 2 1 2 2 2 2 2 1
Stargazers 3 1.3 1.1 2 2 3 2 2 1 2
Hairtail 1 0.6 0.9 1 1 1 1 1 1 1 1
Snail fish 2 04 1.1 2 2 1 1 1 1
Forage fish 13 56 59 10 8 10 8 9 8 10 3
Large pelagic 3 0.4 0.9 2 3 2
Small pelagic 29 6.6 8.6 9 1 1 5 9 15 17 8
Cephalopods  Squids 21 55 6.4 9 1 9 6 8 9 12 3
Crustaceans Crabs 54 144 10.1 2 1 PA] 10 17 17 K1 8
Shrimps 52 18.3 209 27 R 2 21 R 27 9 15
Total 301 100.0 100.0 156 154 165 75 151 149 29 T

Table - 3: The species number and occurrence frequencies of predators for estimating mean trophic level in the survey area influenced by TWC and YSCBW
during April 2004 - August 2005

Predator
Season Survey Species Sampled Occurrence Stomach empty
water number number frequencies with prey rate (%)
2004 Apr. TWC 52 587 437 256
YSCBW 3 250 184 264
2005Aug. TWC 27 507 430 15.2
YSCBW 24 725 560 228
2004 Oct. TWC 37 1,075 548 49.0
YSCBW 30 816 520 363
2005Feb. TWC 57 1421 837 411
YSCBW 19 297 166 44.1
Total % 5,678 3,682 35.1

Table - 4: IRI composition to the predators’ stomach contents by trawl sampling in the survey area of TWC and YSCBW in April, 2004

Season April 2004 (TWC) April 2004 (YSCBW)

Predator Prey Fish Cephalopod  Crustacean Others Total Fish Cephalopod  Crustacean Others  Total
Benthic demersal fish 017 048 0.36 1.00 0.66 0.34 1.00
Croaker 0.30 0.69 0.01 1.00 1.00 1.00
Rock fish 0.80 0.20 1.00 0.89 0.1 1.00
Deftritus feeder 1.00 100 048 0.33 0.20 1.00
Goose fish 0.87 0.13 100 0.70 0.29 0.02 1.00
Hairtail 0.15 0.79 0.06 1.00 0.95 0.06 1.00
Large pelagic fish 0.35 050 0.15 100 036 0.58 0.06 1.00
Small pelagic fish 0.10 0.77 0.13 1.00 0.90 0.10 1.00
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Table - 5: IRI composition to the predators’ stomach contents by trawl sampling in the survey area of TWC and YSCBW in August 2005

Season August 2005 (TWC) August 2005 (YSCBW)
Predator Prey Fish Cephalopod  Crustacean Others Total Fish Cephalopod  Crustacean Others  Total

Benthic demersal fish 035 031 0.34 1.00 0.23 042 0.36 1.00

Semi demersal fish 0.15 059 0.26 1.00
Croaker 0.88 012 1.00
Rock fish 091 0.09 100 09 0.09 1.00
Goose fish 097 0.03 100 095 0.04 1.00
Stargazers 0.91 0.09 1.00
Hairtail 0.12 0.68 0.20 100 055 0.34 0.1 1.00
Large pelagic fish 0.80 0.20 1.00 0.93 0.07 1.00
Snail fish 0.86 0.14 100 0M 0.77 0.13 1.00
Small pelagic fish 0.90 0.10 1.00 1.00 1.00
Squids 0.79 0.20 0.01 1.00

Table - 6: IRI composition to the predators’ stomach contents by trawl sampling in the survey area of TWC and YSCBW in October 2004

Season October 2004 (TWC) October 2004 (YSCBW)

Predator Prey Fish Cephalopod  Crustacean Others Total Fish Cephalopod  Crustacean Others  Total
Benthic demersal fish 0.64 0.37 1.00 0.67 0.34 1.00
Semi demersal fish 041 0.27 0.33 1.00 0.61 0.39 1.00
Croaker 0.05 093 0.02 1.00 0.94 0.06 1.00
Rock fish 007 093 1.00 0.50 042 0.08 1.00
Deftritus feeder 041 045 0.15 100 053 043 0.04 1.00
Dories 0.65 0.32 0.04 100 048 0.50 0.02 1.00
Goose fish 0.95 0.05 100 089 0.1 1.00
Stargazers 0.88 0.12 100 086 0.14 1.00
Hairtail 0.13 0.71 0.17 1.00 0.86 0.14 1.00
Snail fish 0.93 0.07 1.00
Large pelagic fish 0.62 0.33 0.06 100 050 042 0.08 1.00
Small pelagic fish 0.51 0.30 0.20 100 033 0.63 0.03 1.00
Squids 073 026 0.01 100 077 0.23 1.00

Table - 7: IRI composition to the predators’ stomach contents by trawl sampling in the survey area of TWC and YSCBW in February 2005

Season February 2005 (TWC) February 2005 (YSCBW)

Predator Prey Fish Cephalopod  Crustacean Others Total Fish Cephalopod  Crustacean Others  Total
Benthic demersal fish 0.99 0.01 1.00 097 0.03 1.00
Semi demersal fish 0.15 0.63 0.23 100 031 0.11 0.51 0.08 1.00
Croaker 0.90 0.11 1.00 0.91 0.09 1.00
Rock fish 023 059 0.18 1.00
Detritus feeder 012 0.88 1.00 1.00 1.00
Goose fish 080 0.16 0.04 100 081 0.19 1.00
Stargazers 046 0.51 0.03 1.00
Hairtail 0.33 0.65 0.03 1.00
Large pelagicfish 068 024 0.09 1.00 0.86 0.14 1.00
Small pelagic fish 0.81 0.20 1.00 1.00 1.00
Squids 041 025 0.33 0.02 1.00
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Table - 8: Mean trophic level of TWC and YSCBW according to taxonomic
group and family during April 2004 - August 2005

Choi et al.

Table - 9: Seasonal trophic level and mean trophic level in TWC and
YSCBW during April 2004 - August 2005

. Length Mean Surve April Aug. Oct. Feb.
Group / Family ,an:e(cm) trophic level  area o 0s 004 2005  Mean

Benthic-demersal fish  Pleuronectidae 18.1-375 3.35 TWC 367 381 4.04 369 3.80

Rajidae 175357 364 YSCBW 353 379 377 363 368
Semi-demersalfish ~ Congridae 16.2-63.5 372

Ophididae 17.8:38.0 381 demersal fishes like flounder, skate fed mainly on crabs, polychaetes

Scyliorhinidae 23.9-32.7 418 .

Synodontdae 150334 303 and amphipods same layer of TWC and YSCBW (Table 4).

Trigldae 17-321 346 In August 2005, large pelagic, small pelagic and snail fishes
Croaker Sciaenidae 9.1-275 393 fed mainly on crustaceans (77-100%), also goose fish fed on fish in
Rock fish Scorpaenidae 13.1-0.0 346 all the layer. Benthic demersal fishes fed evenly on fish, cephalopod
Detritus feeder Centrolophidae 13.8-20.0 3.35 and crustacean (Table 5).

Stromateidae 9.0-239 359
Dories Zeidae 20.1-38.5 429 In October 2004, croaker and hairtail fed mainly on
Goose fish Lophiidae 19.5439 4.39 crustaceans (71-94%), detritus feeder as pomfret, melon seed
Stargazers Uranoscopidae  13.5-324 420 fed mainly on deposition of fish and crustacean in all the layer.
Hartal Trichiuridae 11.0-418 359 Goose fish and stargazers fed only on fish (86-95%), and squids
Snail fish Liparidae 11.2-37.7 3.55 : i : o
Large pelagicfish Moronidae 30,6452 419 were found in stomach of rock fish like scorpaenidae (73-77%)

Scombridae* 300945 436 (Table 6).
Smallpelagic fish gz;?:g;%aaiﬂ ?01322220 ggé . InFebruary 2005, croaker and small pelagip, benthic demersal

Engraulidae 78158 393 fishes such as bartail flathead, tonguesole fed mainly on crustaceans
Squids Cephalopoda 115-26.0 341 (81-100%). Goose fish and stargazers fed only on fishes (80-81%),

* Spanish mackerel ** Chub mackerel

2004, those of August and February of 2005 showed quite differences
with 104 and 39, 144 and 51 respectively in TWC and YSCBW.
Crustaceans abundance had similar seasonal trend like as fish that
56 and 43, 49 and 44 on April and October of 2004, those of August
and February of 2005 had differences with 52 and 31, 70 and 23
respectively in TWC and YSCBW (Fig. 5).

Diversity: Shannon’s diversity index (H') of TWC were 2.95-3.39,
being higher than those of YSCBW, 2.11-2.40 except the value,
1.69 on October 2004, and species richness (R) values of TWC
were 10.93-18.33, being also higher than those of YSCBW, 6.96-
12.48 except the value, 10.93 on October (Fig. 6).

Dietary composition: Atotal belonging to 7,429 predators belonging
to 98 species was seasonally examined for dietary composition in
the survey area during April 2004 - August 2005. Of which, 3,682
specimens had prey organisms in their stomach (Table 3). As a
result, stomach was empty ranged from 15.2 to 49.0%, on average
35.1% all the season during April 2004 - August 2005.

The percentage by number, weight and frequency of
occurrence gave an information on the main prey items in the diet. In
April 2004 of Tsushima warm current, croaker, hairtail and small
pelagic. Fishes like anchovy fed mainly on crustaceans such as
euphausids, amphipods, shrimps and crabs (65-90%), fishes were
mostly found with 80% in goose fish. In Yellow sea cold bottom water,
croaker and small pelagic fed on crustaceans (>90%). Benthic

and detritus feeder fed mainly on crutaceans (88-100%) in all the
layer (Table 7).

Trophic level: Standardized diet composition and trophic levels
were calculated for 3,682 specimens in the survey area
influenced by Tsushima warm current and Yellow sea cold bottom
water.

The trophic levels ranged from 3.23 of the smalll pelagic to
4.39 of the goose fish (Table 8). The following highest TL of taxonomic
group were 4.29 of dories and 4.20 of stargazers.

Mean TL seasonally ranged from 3.67 of April 2004 to 4.04
of October 2004 in TWC, and also TL ranged from 3.53 of April 2004
to 3.79 of August 2005 in YSCBW (Table 9). In the view point of
waterlayer, mean TL 3.80 in the survey water of TWC was slightly
higher than that of YSCBW (mean TL 3.68) during April 2004 —
August 2005.

The YSCBW has been characterized by very low
temperature (less than 10°C) with alow salinity of around 33.0 psu
inthe middle and bottom layers of the central Yellow Sea from spring
to autumn (Kondo, 1985). Hur et al. (1999) delineated that the
range of temperature and salinity in the Yellow Sea Bottom Water
(YSB)in all seasons is 4.1-13.7 °C and 32.0-33.9 psu, respectively.
In addition, according to Kondo (1985), the YSCBW during spring
through autumn, particularly in summer, was extended to the coastal
waters of Jeju Island (Kondo, 1985). In this study, the cluster B
denoted with open circles shown in Fig. 2 was warmer than the
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YSCBW described by the pervious studies mentioned above (Kondo,
1985; Hur et al., 1999). Thisis owing to the YSCBW extended to the
coastal waters of Jeju Island being probably mixed with the warmer
water mass influenced by the TWC.

On the other hand, the TWC was characterized as high
temperature, ranging from 34.0 psu to 34.3 psu at a depth of 50 m
during spring through autumn (Kondo, 1985). Therefore, the clusters
A and B mentioned above appear to be related to bottom waters
originated from the TWC and YSCBW, respectively.

Even though the total species abundance of TWC and
YSCBW were almost equal as 151 and 149 in October 2004, the
species diversity and richness index were lower than the other
seasons. The reason why dominantindex had the highest value as
1.9-3.1times, 74.6 than any other seasons were because that the
forage fish as skinnycheek lantemfish, vertical striped cardinalfish
and glow belly were 76.3% of the total catch individual number.

As the study of trophic level (TL) in the waters around Jeju
Island, Zhang et al. (1981) studied the TL of fishes and food web in
the Minnan-Taiwan bank of the East China Sea. The TL of fishes
and invertebrates in the Yellow and the Bohai Seas were presented
Wei and Jiang (1992) and Cheng et al. (1999).

Trophiclevels estimated here agree well with several values
reported in the list of the East China Sea (Froese and Pauly, 2006).
The values of trophic level in FishBase were 3.52 in Triglidae, 3.60
in Sciaenidae, 3.40in Stromateidae, 3.50 in Zeidae, 3.66 in Liparidae,
3.4in Carangidae were comparatively similar to those of this study.
The values in the Yellow sea were somewhat high, being 4.23 in
Liparis and 4.1 in Sciaenidae, being nearly equal to Engraulidae
(3.27) (Zhang et al., 2006).

In recent years, many authors have reported variation of
dominant species composition and gradual declines in mean trophic
level at high tropic levels. In the Yellow sea, larger, higher TL,
commercially important demersal species were replaced by smaller,
lower TL, pelagic, less-valuable species from 1950s to 1980s (Tang,
1993), TLs of anchovy and small yellow croaker decreased in two
seas between years, because they fed more plankton and less
nekton (Zhang et al., 2006).

There are many factors that may have influenced changes
on the ecosystem and TL trend, this could be fisheries pressure and
biological interactions. This may not only affect the value of fisheries,
but also cause significant problems in the structure and function of
marine ecosystem (FAO, 2001).

Since the situation of overfishing around Jeju Island, the
monitoring of TL and fisheries landings is necessary so as to use as

425

an index of sustainability for appropriate management in the exploited
marine ecosystem.
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