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Abstract 

Seasonal changes in structure or demersal fish assemblages or the Yellow Sea are studied 
by means or cluster analysis based on bottom trawl surveys from March 1985 to January I 986. 
Simple discriminate analysis is used to test for significant differences in environmental 
characteristics among sampling station groups which show that species composition and 
biomass in each group and season are associated with bottom water temperature. The cold 
water mass in the central Yellow Sea plays an important role in distribution of fish One to three 
absolutely dominant species in each group usually characterize the grouping area, accounting for 
more than 40% of the total catch. The similarity values or species composition between seasons 
are relatively low, all less than 50%. 



Introduction 

Demersal fish assemblages or associations and their relationship with envi
ronmental parameters in the continental shelves have been investigated in 
many parts of the world (Day and Pearcy 1968; Fager and Longhurst 1968; 
Colvocoresses and Musick 1984; Overholtz and Tyler 1985; Bianchi 1991, 1992). 
Spatial and temporal changes in the demersal fish community have been exam
ined by Iglesias (1981) in the Ria de Arosa (NW Spain) and by Tyler (1971) in 
the Passamaquoddy Bay, Atlantic. 

Since 1985, a seasonal bottom trawl survey of the Yellow Sea has been 
conducted by the Yellow Sea Fisheries Research Institute. The survey area var
ied seasonally, but covered a major part of fish distribution in the Yellow Sea. 
This study investigates the structure of demersal fish assemblages and discusses 
how they vary geographically, thermally and seasonally. There is no previous 
similar study in this area. 

Materials and Methods 

SampUng 

Data were collected by bottom trawl from March 1985 to January 1986. 
The four seasons are defined in this study as spring (March-April), summer 
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(June-July), autumn (September-October) and winter (December-January). The 
surveys, except in winter, were conducted in two cruises each season. The 
survey area covered most parts of the Yellow Sea as shown in Fig. I. The pair

trawlers "Yellow Sea" 103 and 104 used a net of 550 mesh X 30 cm and a 
stretched 5.1-cm mesh size codend in the spring surveys, and the R/V "Bei 

Dou" applied a net of 450 mesh X 17 cm, a to-cm mesh size codend, and a 
2.0-cm mesh size codend liner for other seasons. A parallel survey was carried 
out in September to compare the two types of vessels/gear, and results from 
the spring survey were standardized into other seasons. The number of sam

pling stations used were 69 (spring), 93 (summer), 91 (autumn) and 43 (win
ter). Those stations have included the seasonal distribution of most fishes in the 

Yellow Sea. The trawl period was 1.5 h which was standardized into 1 h. 
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Fig. 1. Station number and bathymetric contours or the Yellow Sea. 
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Fig. 3. Station groups derived from cluster analysis in spring (a), summer (b), 
autumn (c) and winter (d). 
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Table 2 presents the results of catch by weight and frequency of occur

rence of main species for each group by season. Results of the percent similar
ity (Bray and Curtis 1957) between seasons based on the selected 42 species 
showed relatively low values, all below 50% (Table 3). The neighboring seasons 

had higher similarity index than the rest. 

Table 4 shows the Pearson's product-moment correlations between groups. 
The plot of mean catch per haul per hour by bottom water temperature stra

tum in four seasonS' is shown in Fig. 4. 
The different groups identified are described by season as follows: 
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Table 2. Total weight and frequency (no. or stations where found in the respective 
groups) of main fish species from station groups by season. P indicates pelagic fish, the 
rest ,;lre demersal fish. Species 1 = boreal, 2=temperate, 3=warmwater. 

Specific name Total weight % Frequency Species 

(kg) 

SPRING 

Group I (31 stations, 32 species, 756.9 kg) 
Clupea pallasi 192.2 25.4 19 l p

Paralichthys olivaceus 77.6 10.3 18 2 
Zoarces elongatus 66.7 8.8 28 l 
Gadus macrocephalus 58.5 7.7 20 l 
Pseudosciaena polyactis 52.2 6.9 24 2 
lophius litulon 40.0 5.3 14 2 
Cleisthenes herzensteini 37.8 5.0 24 l 

Total 525.0 69.4 

Group 2 (12 stations, 32 species, 427.2 kg) 
Rajiforms 217.2 50.8 II 2 
Collichthys 76.6 17.9 JO 2 
Coilia 31.8 7.4 9 2 p 

Setipinna taty 19.0 4.5 JO 3 p 

Total 344.6 80.6 

Group 3 (26 stations, 37 species, 1,445.0 kg)
Engraulis japonicus 564.8 39.1 24 2 p 
Pseudosciaena polyactis 240.4 16.6 26 2 
Setipinna taty 182.3 12.6 25 3 p 

Rajiforrns 54.7 3.8 14 2 
Zoarces elongatus 48.9 3.4 24 l 

Total 1,091.1 75.5 

SUMMER 

Group I (l O stations, 13 species, 71.9 kg)
Clupea pal/asi 25.8 35.9 4 p 

Gadus macrocephalus 16.2 22.5 JO 
Cleisthenes herzensteini 12.4 17.2 9 
Hemitripterus villosus 6.2 8.6 8 
Zoarces e/ongatus 4.1 5.7 JO 

Hexagrammos otakii 4.0 5.6 7 
Total 68.7 95.5 

Group 2 (20 stations, 15 species, 56. l kg)
Cleisthenes herzensteini 30.7 54.7 20 I 
Engraulis japonicus 12.4 22.0 5 2 p 

Zoarces elongatus 4.8 8.5 13 I 
Liparis tanakae 2.8 5.0 14 l 

Total 50.7 90.2 

Group 3 (38 stations, 30 species, I 44.2 kg)
Lophius litulon 44.9 31.1 20 2 
Liparis tanakae 33.0 22.9 34 I 
Zoarces elongatus 14.2 9.8 29 l 
Platichthys bicoloratus 10.9 7.6 6 l 
Engraulis japonicus 8.2 5.7 24 2 p 

Pseudosciaena polyactis 7.7 5.4 8 2 
Total 118.9 82.6 

Group 4 (25 stations, 36 species, 1,054.5 kg)
Engraulis japonicus 384.4 36.5 II 2 p 

Scomber japonicus 378.6 35.9 7 3 p 

Sardine/la zunasi 93.0 8.8 5 3 p 
Total 856.0 81.2 

continued 
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Table 3. Bray and Curtis (1957) percent similarity between seasons. 

Spring Summer Autumn Winter 

Spring 100 
Summer 47 100 
Autumn 35 49 100 
Winter 43 39 45 100 

water temperature (8.0°C) and deep water (68 m) characterize this area. The 

mean biomass of 55.6 kg·h·1 was greater than in the above two groups. Pelagic

fish, typically anchovy Engrau/is japonicus and half-fin anchovy Setpinna taty, 

account for very high proportions in the catch. Small yellow croaker 

Pseudosciaena polyactis is also abundant (Table 2). 
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Fig. 4. variation of mean Ln (catch+ I) when present with bottom water temperatures ("C) at lour 
seasons. A 95% confidence interval (Cl) is indicated by the blank bars and the number of _hauls is 
on top of the bars. 
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Group 2 is in the southern part of the Yellow Sea, including six stations and 
25 species with an average biomass of 28.9 kg·h·1• A high bottom water tem
perature (I J.8°C) makes this area an important wintering ground for warm and 
temperate water species of fish, such as chub mackerel and small yellow 
croaker, which account for 51 .4 and 26.5%, respectively, of the total catch for 
this group (Table 2). 

Group 3 includes most (32) of the stations sampled during the winter sur
vey, comprising 39 species with an average biomass of 22.0 kg·h·1• The bottom
water temperature is intermediate among the three groups. Demersal fish are 
abundant, grassfish and plaice account for 43.4 and 12.1 %, respectively, of the 
total catch for this group (Table 2). 

Discussion 

Migratory fishes in the Yellow Sea are very sensitive to changes in water 
temperature. The coastal currents, Kuroshio current and cold water mass affect 
the Yellow Sea and distribution of fish. Overholtz and Tyler (1985) pointed out 
that cluster analysis proved to be a useful statistical method for delineating as
semblage boundaries and associated species. In the Yellow Sea, the groupings 
from the cluster analysis were primarily consistent with the bottom water tem
perature. Boreal fish with seasonal migration of limited extension were distrib
uted mainly in the central part, while most temperate and warmwater species 
undertake seasonal long distance migrations with temperature changes. In con
trast, depth and salinity were not as important as temperature in influencing the 
distribution and biomass of fish. Information on latitude, longitude, sediment 
type, and oxygen was not available in this study, although they might be useful 
parameters of species distribution (Fager and Longhurst 1968; Pimentel 1979; 
Qiu 1988; Bianchi 1991, 1992). 

In the spring surveys, the difference in bottom water salinity between the 
three groups was small, while the bottom water temperature of group I differed 
largely from groups 2 and 3. Temperature changes are very important for fishes 
with spawning migration in the spring. Many species which winter in the south
ern part of the Yellow Sea migrate northwestwards to the coastal spawning 
area with the increasing temperature during spring time (Zhao et al. 1990). 
Therefore, the high biomass is found in the high temperature area (group 3). 
The results of SDA in spring show a high percent contribution for the bottom 

water temperature in the relative importance of the environmental factors be
tween groups I and 2, and between groups I and 3. However, the difference in 
bottom water temperature between groups 2 and 3 is small, but it is large in 
depth. As a result, depth is responsible for 80. 7% of the difference between 
groups 2 and 3 (Table I). 

The results of SDA in summer show a significant difference in the environ
mental factors. (P<0.005) between groups. The relative importance of bottom 
water temperature is 60.0-101.8%, while depth and salinity show fess impor
tance in ·the artalysis, even weaken the analysis in theory (Ludwig and Reynolds 
1988, negative percent contribution, Table I). From the point of view of the 
analysis of the relative percentage contribution to the multivariate distance, the 
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results can be meaningful and useful. During surveys in autumn and winter, the 
relative importance of bottom water temperature from SDA are 87.7-111.7% and 

83.1-97.3%, respectively. 
Colvocoresses and Musick (1984) examined the distributional patterns, and 

concluded that continental shelf demersal fish communities in the Middle Atlan

tic Bight are largely structured by temperature on the inner- and mid-shelf and 
by depth on the outer shelf and shelf break. Gabriel and Tyler (1980) demon
strated that most assemblages were associated with specific depth strata with a 

relatively large depth gradient (20-500 m) in the northern Pacific off the coast of 
Oregon. 

After investigating the latitudinal variation in the regular and seasonal com

ponents of several nearshore Atlantic marine fish communities, Tyler (1971) 
concluded that the proportion of seasonal and occasional components to regu
lar components varied directly with annual variation in water temperature, and 

that the temporal species composition is largely related to temperature regime 
in temperate regions. 

Many studies on the tropical water assemblages of shelf and upper slope 

indicated that changes in species composition are depth related (e.g., McManus 
1985; Roel 1987; Qiu 1988; Bianchi, 1991, 1992). Iglesias (1981) studied the de

mersal fish community of the Ria de Arosa by season, and concluded that there 
were no important seasonal changes in abundance, with high similarity be
tween samples from two different sampling periods, and groupings of species 
and samples were related to water depth and the nature of the bottom. The 
magnitude of seasonal changes in the temperature of tropical waters is usually 
smaller than in temperate. Therefore, temperature has less effect on fish distri
bution than depth. 

In the present study, the areas surveyed in each season were divided into 

several groups (Fig. 3a-d) based on cluster analysis according to the selected 42 
species (or families). Since the seasonal bottom water temperature showed 

great variation, the biomass in each season, also in each group, showed posi
tive relations with bottom water temperature (Fig. 4, Table 2). The similarity val
ues of species composition between seasons are relatively low (Table 3), this 

might be caused by the seasonal migration with changes of water temperature. 
The species composition in each group is temperature-related (Tables I and 2). 
Generally, each group has one to three dominant species (accounting for more 

than 40% of the total catch) which characterize the areas (Table 2). Those spe
cies were highly associated with bottom temperature, boreal fish dominated the 
low temperature area and warmwater species dominated the high temperature 

area, while temperate species dominated the intermediate area. 
In the temperate area, when depth gradient is small and water tempera

tures usually vary greatly, changes in species composition between seasons and 

groups may be associated with temperature. However, when the depth gradient 
is large, even the temperature gradients exist, species assemblage might be 
depth related. 
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