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Tab.1 Fork length and stable isotope signatures of 4 species in Engraulidae and Clupeidae in the Laizhou Bay
/mm fork length 8"3C/%o 3" N/%o
/ind
species number * * *
mean=SD range mean+SD range mean+SD range
. . 47 87.79+18.17 61~140 —18.90+1.04 -21.20~-16.68 11.32+1.56 8.85~15.95
Sardinella zunasi
. = 44 113.48+16.57 83~160 -18.37+1.72 -20.92~-11.67 10.70+1.13 8.54~13.92
Konosirus punctatus
. B . 22 97.45+14.38 63~118 —19.4+0.99 -21.97~-17.72 12.83+0.97 10.84~14.36
Thrissa kammalensis
- 17 124.71£25.69 68~168 —18.38+0.85 -19.77~-16.82 12.13+0.78 10.49~13.37
Setipinna taty
- B 5 -
Konosirus punctatus ’
R 1cm
v - G BRER —
Thrissa kammalensis (
3), ,
A - by . A
Setipinna taty
——— - HSNSTE e
Sardinella zunasi , 9 cm ‘ﬁ‘% @}%
| P P P P P P P P B | 1 1 1 1 @%
222120191817161514131211 8 10 12 14 16 H
P<0.05) 10 cm fig f
8°C/% 5N/%o ( ) - "~
fig figt
H
, _ _ o (P<0.05) 11 cm
Fig.1 Mean stable isotope signatures of 4 species in En-
graulidae and Clupeidae in the Laizhou Bay
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(P<0.05), i 3.1
3"°N (P>0.05, 3)
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Tab.2 Relationship between 8'"°C value and mid-value of fork length of 4 species in Engraulidae and Clupeidae in the Laizhou Bay
A: Sardinella zunasi; B: Setipinna taty; C: Thrissa kammalensis; D: Konosirus punctatus.
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Tab.3 Relationship between 3'°N value and mid-value of fork length of 4 species in Engraulidae and Clupeidae in the Laizhou Bay
A: Sardinella zunasi; B: Setipinna taty; C: Thrissa kammalensis; D: Konosirus punctatus.
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T2 FEMT AR, R EEME XK NER BN 45 mm ;
M ERNME LA 55 mm
Tab.2 Size classes and related stable isotope signatures of ’
4 species in Engraulidae and Clupeidae in the Laizhou Bay
/mm fork length 33C/% 8" N/%o [19]
species
size class mid-value mean mean
60—64 62 —20.709 10.517 [25] [26]
6569 67 -19.138 11.865
Sardinella 70-74 72 ~18.808  10.905 ’
Zunasl
75-79 77 ~19.366 10.494 s
8084 82 ~19.140 11.307 ,
85-89 87 -18.732 10.440
90-94 92 ~19.408 10.265
95-99 97 ~17.923 12.643
100-104 102 ~18.415 11.721 ,
105-109 107 ~18.388 12.378
115-119 117 ~18.366 12.418 ’
125-129 127 -17.631 13.653
135-139 137 -18.072 12.479
itz 80—84 82 ~17.968 10.844 [27]
Konosirus 85-89 87 —18.584 10.688 ’ 2
punctatus 90-94 92 -19.019  11.479 (Larimichthys polyactis) (Pampus argenteus)
95-99 97 -18.896 10.382
100104 102 ~19.023  13.016 (Argyrosomus argentatus)
105-109 107 ~18.640 10.542 , fis
ﬂgfﬂg Hi ijgz 1(1)22 (Decapterus maruadsi) fiiz fi% (Lophius litulon)
120-124 122 ~18.110 10.333
125-129 127 ~18.140 9.735 28] o
130-134 132 ~18.520 9.903 - >
135-139 137 -20.395 11.039
140-144 142 ~19.520 9.494
160—164 162 -20.918 9.164 ’
fift 60-64 62 ~18.850  13.688 it figx sB3c
Thrissa 70~74 72 -19.197 12.106 4 5
kammalensis 85-89 87 ~19.553 13.443 > = 6N
90-94 92 ~18.587 13.356 , [16,27]
95-99 97 ~18.183 14.364 .
100-104 102 ~19747  13.030 3.2 L
105-109 107 -19.956 12.463
110-114 112 -20.085 12.603
115-119 117 ~18.396 11.653 )
6569 67 -19.201 10.487 [13]
Setipinna 95-99 97 -19.765 11.455
taty 100-104 102 ~19.700 12.107 6.14%o
105-109 107 ~17.593 12.332 , 3.4%,
110-114 112 -19.059 11.340 [9-11]
115-119 117 -19.157 12.087
120-124 122 ~18.151 13.005
125-129 127 -17.879 11.969 ’
135-139 137 ~18.601 12.923 3.52,
140-144 142 ~18.257 13.193 3.76, fit 3.97, f&
150-154 152 ~18.273 11.635
155-159 157 ~16.822  11.833 3.34 4
165-169 157 -17.371 11.888
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Tab.3 Size classes and related species in Engraulidae and Clupeidae in the Laizhou Bay

figt fig
size class Thrissa kammalensis Sardinella zunasi Konosirus punctatus Setipinna taty
70-79 + +
80—89 + + + _
90-99 + + +
100—-109 + + + +
110-119 + + + +
120-129 - + + +
130—-139 - - + +
ey e
Note: “+” represents that there were original value, “-” represents that there were no original value.
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4 4 i
A: ; B: ; C: fit; D: i,
Tab.4 Trophic level with different fork length of 4 species in Engraulidae and Clupeidae in the Laizhou Bay
A: Sardinella zunasi; B: Setipinna taty; C: Thrissa kammalensis; D: Konosirus punctatus.
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Tab.4 Mean value comparison on stable isotope signatures of 4 species in Engraulidae and Clupeidae in different sea water

[20]

*4] *19] “21]
Laizhou Bay Bohai Sea™! Yellow Sea™' Changiiang ZI(?Wer Dongshan Bay 1*"!
Estuary!?”
Species
. 1982-1983  1992-1993 1992 1997 1994
this study
. . 3.52 33 3.23 3.4 3.2 3.4
Sardinella zunasi
L 3.76 3.4 3.44 3.2 3.2 3.1
Setipinna taty
ﬁH
. o 3.97 32 3.37 3.2 3.2 33
Thrissa kammalensis
. & 3.34 - - 3 3.4 2.6
Konosirus punctatus
Dk N 1; -

Note: The value of the list with * has been corrected (the trophic level add 1 in the original basis); — donates that there were no relevant value
in the original article.
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Determination of the trophic levels of four fish species in Engraulidae
and Clupeidae in Laizhou Bay based on stable carbon and nitrogen
isotopes

WANG Tiantian"?, LV Zhenbo', LI Fan', XU Bingqing', ZHANG Aibo" %, ZHENG Liang' *

1. Shandong Marine and Fishery Research Institute, Shandong Provincial Key Laboratory of Restoration for Marine Ecology,
Yantai 264006, China;
2. College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China

Abstract: Long-term overfishing and environmental pollution has led to a high degree of change in Laizhou Bay
fisheries resource structures. Since 1980, small pelagic fish have become the new dominant species in this area.
These small pelagic fish play a connecting role in the food chain and are often one of the key groups in marine
ecosystems. Research on the trophic level of Engraulidae and Clupeidae fish in Laizhou Bay based on stomach
content analysis has provided useful but dated information. More up-to-date research is now necessary. Based on
bottom trawl surveys in Laizhou Bay during summer and autumn, 2011, the stable isotope signatures of four En-
graulidae and Clupeidae species revealed that the stable carbon isotope ratios ranged from —21.97%o to —11.67%o,
while stable nitrogen isotope ratios ranged from 8.54%o to 15.95%0. ANOVA analysis revealed that 8'°C and §'°N
varied significantly among the four species (P<0.05). Linear regression analysis between fork length and stable
isotopic ratios showed that Sardinella zunasi and Konosirus punctatus had significant ontogenetic variation in
terms of 8'°N (P<0.05), while Setipinna taty and Thrissa kammalensis did not (P>0.05). The S. zunasi trophic
level ranged from 2.80 to 4.88, with the average being 3.52+0.46; the K. punctatus trophic level ranged from 2.71
to 4.29, with the average being 3.34+0.33; the T. kammalensis trophic level ranged from 3.38 to 4.42, with the
average being 3.97+0.28; the S. taty trophic level ranged from 3.28 to 4.13, with the average being 3.76+0.23.
According to the stable carbon and nitrogen isotope results, we can draw the following conclusions: (1) The stable
carbon isotope values showed that K. punctatus trophic level range (-20.92 to —11.67) almost covers that of the
remaining three species (-21.97 to —16.8), meaning that K. punctatus inhabits a wide depth range which is differ-
ent to that of other pelagic fish; (2) The K. punctatus trophic level decreases with increasing fork length while that
of S. zunasi increases with increasing fork length, no such changes were observed in the other two species; (3) The
T. kammalensis trophic level is about 0.7 times larger than that reported from the traditional stomach content
analysis, which may be related to increased feeding on shrimp. The trophic level of the other three species was
slightly higher according to the stable isotope results, but not significantly so.

Key words: Laizhou Bay; stable isotope; Sardinella zunasi; Setipinna taty; Konosirus punctatus; Thrissa kam-
malensis; trophic level
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