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Construction of a Continuous Trophic Spectrum for the Food Web in Jiaozhou
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Abstract; Jiaozhou Bay is an important spawning and feeding ground for many commercially important marine species in
China. However, its trophic function remains poorly understood. In recent years, stable isotope (e.g., carbon and nitrogen)
analysis has become a powerful tool for studying food webs in rivers, flood plains, salt marshes, lakes, and marine
ecosystems. In this study, stable isotope analyses were employed to explore the trophic spectrum of the food web in Jiaozhou
Bay based on the data collected from two surveys in the spring and fall of 2011. The species included plankton (i.e.,
phytoplankton and four sizes of zooplankton), 29 invertebrates (i.e., decapods, brachyurans, cephalopods, bivalves,
gastropods and polychaetes) and 34 fishes. All of these species accounted for 95% of the total biomass of the catches, and
covered all the dominant invertebrates and fish species documented in the Jiaozhou Bay ecosystem. The carbon and nitrogen
stable isotope ratios (8"”C and §°N) of these species were measured by isotope ratio mass spectrometer (IRMS, Isoprime ;
GV, Manchester, UK). The results showed that the 8" C values of these species ranged from —25.63 to —17.16%o, with the
highest "*C-enriched values being exhibited by Portunus trituberculatus and the lowest values being exhibited by 300—500

wm sized zooplankton. The 8N values ranged from 4.15 to 14.11%e, with the highest '*N-enriched values being exhibited
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by Odontamblyopus rubicundus and the lowest values being exhibited by phytoplankton. The average 8" C and 8” N values
were —19.42 + 1.80%0 and 11.98+1.77%oc, respectively. A hierarchical cluster analysis was performed on the Normalized
Euclidean distances of the §”C and 8N values. Cluster analysis showed that the major species in the food web of Jiaozhou
Bay were classified into four trophic groups: primary producers ( phytoplankton ), primary consumers ( zooplankton ),
secondary consumers (1 invertebrate Philine Kinglippini and two fishes, Ammodytes personatus and Syngnathus acus) , and
top predators (other invertebrates and fishes). The trophic levels for these species were estimated from the "N enrichment
per trophic level ( A§"N). Almost all of the species in this study belonged to trophic levels between 1.0 and 4.0, with
phytoplankton occurring in the lowest trophic level (1.10) and O. rubicundus occurring in the highest trophic level (4.03).
Trophic levels estimated from nitrogen stable isotope ratios (TLy) were compared with those estimated by stomach content
analysis (TL;) from the published literature. In all 37 species for which the TL, was available, the difference between TL,
and TL, was less than 0.5 trophic levels in 29 of the species. Thus, nitrogen stable isotope analysis represents an effective
method for studying the trophic position of organisms in the aquatic ecosystem. However, the TL; was lower than the TL,, for
8 fish species, including Sebastes schlegelii, Pholis fangt, and Conger myriaster. In addition to the difference between stable
isotope and stomach content analysis, the decline in the number of prey items in each trophic level might explain the
reduction in the trophic level of these fish species. The continuous trophic spectrum of the food web in Jiaozhou Bay was
established from the trophic levels of the species present in this system. The trophic levels of most species (59 of 63) were
between 3.0 and 4.0, which indicated that the food web of Jiaozhou Bay mostly contains lower and mid-level carnivorous
species. We recommend the use of both stable isotope and stomach content analyses to improve our understanding about the

food web characteristics of aquatic ecosystems.
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Fig. 1 Sampling stations by bottom trawl survey in Jiaozhou Bay in spring and autumn 2011
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Table 1 The trophic levels of major species in the food web of Jiaozhou bay

; SL /(mm TL N
P Species " Rangfe : Av:rage + SD T AL
TFIEAEY Phytoplankton 1 1.10
500—900uwm FFii#8)%) Zooplankton 3 1.83 + 0.09
100—300m £ 8h# Zooplankton 3 1.88 + 0.46
300—500wm FEi#21%) Zooplankton 3 2.18 + 0.28
>900pm VEIFSIY) Zooplankton 3 2.46 + 0.27
RiGIE Syngnathus acus 2 135—202 2.73 £ 0.01
2 RFENTU Philine kinglippini 2 2.96 + 0.03
L ffifl Ammodytes personatus 1 102—140 2.99 3.3024 -0.31
FITLBE Atrina pectinata 1 3.02
WGHHF Latreutes anoplonyx 3 12—25 3.02 + 0.17
BRKEIF Palaemon gravieri 1 56 3.08 3.321%) -0.24
XUBEEE Charybdis bimaculata 3 7—30" 3.16 = 0.27 3.37t%] -0.21
%25 Polychaeta 1 3.19
YETT SLBER Latreutes planirostris 3 11—34 3.19 + 0.12
FRRE L Thryssa mystax 1 83—87 3.23 3.41%] -0.17
J& TR Trachysalambria curvirostris 1 55—63 3.27 3.331%] -0.06
LREEAN Chelidonichthys kumu 1 168—172 3.28 3.65%7) -0.37
B[R IR Metapenaeopsis dalei 2 25—52 3.31 + 0.27 3.371%] -0.06
H AEUF Alpheus japonicus 3 25—55 3.33 £ 0.03 3.50%8 -0.17
HiFLES UL Chlamys farreri 1 3.39
f1 18 Kareius bicoloratus 1 140—160 3.40 4.1024] -0.7
#ifi Platycephalus indicus 1 170—240 3.40 4l24] -0.6
H AW Charybdis japonica 1 12—50° 3.41 3.90%8 -0.49
LLEUF IR A Tridentiger trigonocephalus 1 37—66 3.43 3.1 0.33
XU H- 8 Sepiola birostrata 3 9—22* 3.43 + 0.28 3,702 -0.27
Wt Sebastiscus marmoratus 1 42—44 3.45 3.6/20] -0.15
YHTGA5 X UF Parapenaeopsis tenella 3 28—62 3.48 + 0.15
WEBEUR Alpheus distinguendus 1 29—60 3.49 3.30%8 0.19
K22 HF A0 Myersina filifer 2 58—81 3.49 + 0.06
K R-EWIER Heptacarpus futilirostris 1 1135 3.50
Mg Callionymus sagitta 1 48—107 3.51 3.41%] 0.11
Jz R4 4a Johnius belengerii 2 70—98 3.51 + 0.19 3.73027) -0.22
NBWiF- 4 Liparis tanakae 2 45—130 3.52 + 0.13 4324 39271 -0.78,-0.38
% JEIE Pagurus sp. 1 3.53
VFECOF-ll Sebastes schlegelii 3 76—117 3.53 + 0.02 4.7t -1.17
FEF-il Sebastes hubbsi 2 46—105 3.53 + 0.27
BINEHF R 0 Tridentiger barbatus 1 43—88 3.54
W FCHIMRFE A Acentrogobius pflaumii 49 25—52 3.55 + 0.34
5T Pholis fangi 47 99—155 3.55 £ 0.53 46124 -1.05
FAEZL IR Eualus sinensis 1 20—26 3.58
L1854 Sillago sihama 2 67—120 3.58 £ 0.19 3.40%4] 0.18

4% Chirolophis japonicus 1 102—194 3.60
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Fig. 3 Cluster analyses based on Normalized Euclidean distances of 6'*C and 6'°N for species in the food web of Jizozhou Bay
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