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Fig. 1 Sampling stations in Shandong coastal waters
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Table 1 Seasonal variations in length and mass of Cleisthenes herzensteini in Shandong coastal waters

R /em /g
Z1 RERER
LR Ly R T Ly TFHE R
% 268 75~295 10~ 18(76.49%) 14.7443 64 3.87~440.73 0~50(65.67%) 51.22455.72
% 123 9.0~26.5 10~16(63.41%) 14.53+3.26 8.03~359.11 5~65(76.42%) 45.71+£41.50
# 272 3.8~27.1 6~16(54.78%) 12.57+5.84 0.96~267.15 0~60(73.53%) 44.00+50.78
= 130 6.6~29.6 6~10(56.92%) 12.56+5.64 2.46~487.50 0~70(75.38%) 52.66+80.95
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Fig.2 Length distributions of Cleisthenes herzensteini in Shandong coastal waters
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thenes herzensteini in Shandong coastal waters
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Fig. 3 Variations of length-mass relationships for Cleisthenes

herzensteini among seasons in Shandong coastal waters
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Fig. 6 The catch selectivity curve of Cleisthenes herzensteini

in Shandong coastal waters
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Fig. 7 The age structure of population of Cleisthenes herzen-

steini in Shandong coastal waters
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Table 3 Seasonal variations in sex ratios (2:3) of Cleisthenes

herzensteini in Shandong coastal waters
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Fig. 10  Sexual maturity in relation to length for Cleisthenes

herzensteini in Shandong coastal waters
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Table 5 Seasonal variations in the relative stock density, temperature and salinity of the distribution area of Cleisthenes herzensteini in

Shandong coastal waters

TR AR/ C id== S
F e U BV ] kg h - :
bLEN&l EEEH Flensd) EEEH
K 0.007~140.352 7.06~19.76 18.56~19.06(87.74%) 19.77~33.26 31.92~32.07(68.23%)
S 0.005~5.784 6.84~11.32 9.34~10.84(75.09%) 22.66~32.96 32.11~32.96(95.24%)
& 0.024~5.483 6.45~18.61 6.45~9.45(99.47%) 31.09~33.10 32.43~33.10(99.47%)
= 0.032~13.985 6.55~24.21 8.05~12.55(97.09%) 31.22~33.10 31.82~32.42(77.49%)
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Fig. 11

Spatial distributions of the relative stock density of Cleisthenes herzensteini in Shandong coastal waters
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Population structure and spatial distribution of Cleisthenes herzensteini

in Shandong coastal waters
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Abstract: Based on the survey data from the bottom-trawl surveys in Shandong coastal waters in autumn (October

2016), winter (January 2017), spring (May 2017) and summer (August 2017), the seasonal variations of population

structure and spatial distribution of Cleisthenes herzensteini were studied. The results showed that the average

length of C. herzensteini was larger in autumn and winter, while the average mass was larger in summer and au-

tumn. When the length is more than 15 cm, the seasonal variation of mass is larger, and the growth rate of mass is

the biggest in summer. The ages of C. herzensteini ranged from 1 to 5 years old, in which individuals of 1 and 2

years old accounted for 45.15% and 40.23% of the population, respectively. The parameters of the von Bertalanffy
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growth equation, L., K and ¢,, were 37.85 cm, 0.28 and —0.57, respectively. The Pauly empirical formula evaluated
the natural mortality to be 0.54. The total mortality, the fishing mortality, the exploitation ratio, the age of first cap-
ture and the length of first capture were 1.69, 1.15, 68.05%, 1.48 years old and 12.68 cm, respectively. In each sea-
son, only the ratio of male to female in summer was significantly different from that in 1:1 (p<0.05), and the num-
ber of females was significantly higher than that of males. 50% of the length of sexual maturity is 22.35 cm. The
highest ratio of sexual maturity and the highest average coefficient of sexual maturity occur in summer. C. herzen-
steini mainly distributes in areas with bottom water temperature of 6.45—-19.06°C, bottom salinity of 31.82-33.10
and depth of more than 50 m. Its average catch in autumn is much more than that in other seasons, which declines
sharply in winter and then rises slowly. The C. herzensteini in Shandong coastal waters showed some phenomena,
such as narrow length distribution, deterioration of food supply, delayed spawning period and over-exploited stock.

The resources changed dramatically before and after the forbidden fishing period.

Key words: Cleisthenes herzensteini; population structure; relative stock density; spatiotemporal distribution; Shandong

coastal waters



