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Fig. 1 Map of bottom trawl survey areas in Haizhou Bay and adjacent waters



5 6 10

ORERAF: ML T IR R I 5 PR AR A S G R

1325

AR, OB T R T AL AR B AT IR, X T —
ERK N, REMES a lE b, 7EMRER K
SCEERRER S A Oy aflii R, IR, PEEINT a
iR/ M IR S8 b A KT, AT
DLRRHIBriZ R R Al AE K 2 b>3 8,
IER#ARK; b<38f, FiiFHIEEK,; b=31, K
s KM SRR R ER AT R
Ak, MEAHZMERNIAETIE (R3.2.2) RS LL
BT 2% a, b WAERIZES:, FAEMIEREE &, i
FIEDT 22 G e L 25 S b, i ¢ Gt
SIRT AR, IS4 b 5 3 MR B E.
1.2.3 PEHEEREGE SRA Fulton RAEFEH K it
;%;[16]:
K=(W/L%)x100

Lo, W5 LR BB B T F TR R 2%, gifn]
P #1128 (R R RHRE 22 [0 A e g7 A6 Fg 4 1]
FZEy 22 5 W A 7 2200, SR 6 AR RAE AR

(B2 MRk Z=uli AL AL, a2 ] surferll Bl
VEH IR Z ARk Z 25 0] oA 8] o

2 #EREHSW

21 fxk. FEARFR=RHEMN

BB I BRI 3 o A 1) 2 2 0%
AR, e, 2 40 e (E 4351 3 AE 100~120 mm,
130~140 mm &b, HijFIE(EE S, J34h, 2014 41
2016 47 50~75 mm AR AT — /NG . FKZE
PRI R A A 22 5 BUGER, ¥9 — AN B B i
2011 4FIE(H7E 115~120 mm, FHABALKTE 120~
135 mm (/& 2); 53—~/ INEAE HERE 140~160 mm.,
ZIERDMAKE, WA 2015 4EFK 7 YR KA R 43
MR IES A, HAWER IR IER R (3R 1),

AR 8 1 V5 7 G 2 A5 R I ARG L AR
RO T HME . R R REERES
EE D). Hb, BFHRIEAARK N 117~119 mm,

0.06  — 2011.05 0.06 - 2011.09
| 2013.05 | —2013.10
2005 501405 2005 01410
5 0041 — 2016.05 5004 —2015.10
i 0.03 i 0.03
;%f 0.02 E}f 0.02
Koo} Koor}
40 60 80 100 120 140 160 40 60 80 100 120 140 160
A4 /mm body length A+ /mm body length
B2 NSRS A . BRI I 2 i 4E bR 2 Ak

Fig. 2 Body length frequency distribution of Pholis fangi in spring and fall in the Haizhou Bay and the annual variations

Fz1 BHNESRZHEKSHIFLENERET L
Tab.1l Temporal variationsin body length compositions of Pholis fangi in the Haizhou Bay

Ay FEA JEHEl/mm  HE/mm B Amm e BREH%  PAEUmm ERS

year samplesize range mean dominant rate Ccv median normal distribution
BE 2011 704 53~168 119° 105~120 67.5 10.12 116 7 no
g 5013 308 93-158  119° 100~135 57.5 12.60 116 % no

2014 449 45~164 119* 105~135 63.9 17.54 119 7 no

2016 773 56~161 1172 105~135 68.6 16.31 117 7 no
&= 2011 158 102~159 123* 110~130 78.6 7.55 121 75 no
autumn - 5013 155 85-155  127° 120~140 745 7.49 126 % no

2014 105 91~151 130° 120~140 80.0 6.78 130 7 no

2015 67 109~156 1298¢ 120~140 73.1 8.05 128 J& yes

25 B E LR IR EARSE B3R 7R (P<0.05).
Note: Different letters show significant differences (P<0.05).
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Tab.2 Temporal variationsin body weight compositions of Pholis fangi in the Haizhou Bay
54 sason D i ffl/g #ffifg 4 41/g H411% ERR% R
year range mean dominant rate Ccv median
HZ 2011 0.2~25.0 6.9% 4~7 69.0 47.54 5.9
spring 2013 2.8~20.9 7.3 4~6 38.0 43.56 6.3
2014 0.3~27.8 7.4° 4~7 37.4 57.16 6.4
2016 0.4~20.3 6.8% 4~7 51.1 50.15 6.0
Tz 2011 4.6~21.8 8.5" 6~9 62.7 31.53 7.7
autumn 2013 1.7~-17.8 9.1% 8~10 50.3 22.97 8.9
2014 2.0~17.3 9.6° 7~10 524 25.52 9.5
2015 2.2~19.3 9.6° 6~10 58.2 31.77 9.2
T 25 B E LR IR EARSE 8387 (P<0.05).
Note: Different letters show significant differences (P<0.05).
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Fig. 3 Spatial distribution of average body length of Pholis fangi in spring and autumn
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Tab.3 Parametersof body length-weight relationship (W=aL") for Pholis fangi
4y 7 spring #*Z autumn
year a b+SD R a b+SD R’
2011 5.61x10°® 3.89+£0.04** 0.915 6.23x1077 3.41+0.09** 0.911
2013 2.43x10°° 3.10+0.06™ 0.891 2.62x10°° 3.11+0.12" 0.829
2014 2.1x1077 3.61+0.04** 0.953 1.93x107 3.63+0.15** 0.874
2015 2.55x1077 3.59+0.14** 0.907
2016 3.91x10°® 3.95+0.03** 0.955

T a il b AREIS L, R RS ns: 22 5018 1 25 B 458 4 K (P>0.05); **: i 3 573 £k K (P<0.01).
Note: a and b are parameters of body length (mm) — weight (g) relationship; R? is correlation coefficient; ns denotes no significant difference
between b and 3 (P>0.05); ** denotes extremely significant difference (P<0.01).
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Fig. 4 Spatial distribution of relative fatness of Pholis fangi in spring and autumn
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Tab.4 Temporal variationsin relative fatness of Pholis fangi
X +SD
Z57 season 2011 2013 2014 2015 2016
# 2 spring 0.3953+0.068 0.3903+0.043 0.3785+0.048 0.3404+0.078
FkZ= autumn 0.4518+0.049 0.4499+0.059 0.4213+0.045 0.4233+0.063

T FEARHE n WL L
Note: Sample size nisshown in table 1
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Tab.5 Comparison of length-age of Pholis fangi
between Haizhou Bay and Dalian coastal waters

K 3% ¥4 Dalian coastal waters!'”

N5 Haizhou Bay

fE#Y age ALK /mmbody length {4 K Ji FEl/mm range
I 97.3 40~80
Il 120.2 100~120
m 135.1 130~140
v 149.8 140+
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Tab. 6 Correlation coefficients between annual
temperature and characteristic parameters of
Pholisfangi in spring and autumn

ML PR K /mm

AR relative  mean body b
temperature fatness Iength
FERE 01176 02254 0.6031
sea bottom temperature in spring
.
SR 06461 -0.8755  —0.2466

sea bottom temperature in autumn
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Size distribution and length—weight relationships in Pholis fangi in
Haizhou Bay

LUAN Jing, XU Binduo, XUE Ying, REN Yiping, ZHANG Chongliang
College of Fisheries, Ocean University of China, Qingdao 266003, China

Abstract: Body sizeis abasic biological characteristic in fish populations and can reflect individual physiology as
well as changing environment conditions. Slight variabilities in some biological parameters may result in complex
ecological effects, and affect food web link intensity in trophic cascades. However, the spatial and temporal het-
erogeneity of size composition within populations have often been ignored in many studies of fish biology. We use
Fang's gunnel (Pholis fangi) in Haizhou Bay as an example for studying the variability of body size on an annual
scale. P. fangi is a low trophic fish and plays an important role in the food web and ecosystem of the Yellow Sea,
with increasing dominance in Haizhou Bay. We collected annual bottom trawl surveys in Haizhou Bay in the
spring and fall from 2011 to 2016. We used arange of statistical methods, included variable coefficient, covariance
analysis, two-sample t-test, and Pearson correlation analysis to study the population size composition,
length-weight relationship, and relative fatness of P. fangi in this area. We analyzed the annual and seasonal vari-
ability as well as the spatial distribution of body length and relative body mass. The results showed that P. fangi
had multiple age structure in Haizhou Bay. Their length frequency distributions were multi-modal and skewed,
with the majority of captured individuals aged 2—3 years. Statistical analysis indicated that there were remarkable
temporal and spatial variations in the average size and the parameters of body length-weight relationship of P.
fangi, with significant differences across years (P<0.05). The average body length and relative fathess tended to be
higher during autumn surveys than spring surveys. Variation in relative fatness was greater between seasons than
among years. In spring, the spatial distribution of body length and relative fatness was larger in the southwest area
than the northeast area of the bay. A t-test on the body length-weight relationship showed that the allometric
growth patterns of P. fangi were generally positive. Correlation analyses between benthic water temperature and
the length-weight relationship showed that temperature had a substantial influence on the relative fatness, body
length-weight relationship, and mean body length. The spatiotemporal variability of fish size and other parameters
may be attributed to their feeding intensity, maturation, fishing pressure, and environmental and habit variation,
and is also likely to reflect changes in the fishery ecosystem. We suggest that the spatiotemporal variability of
population size composition should be fully considered in fisheries resource management, as these basic parame-
ters can contribute significantly to fishery ecosystem modelling and management strategy eval uation.

Key words. Pholis fangi; body length composition; body weight composition; body weight-length relationship;
relative fatness; spatial-temporal variability
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