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Seasonal dynamics of food web energy pathways at the community-level
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2 College of Fisheries, Huazhong Agricultural University, Wuhan 430070, China
3 Hubei Fishery Science Institute, Wuhan 430071, China

Abstract: Stable isotopes analysis, especially carbon and nitrogen, are now commonly used to study material circulation
and energy flow within ecosystems. Carbon isotope ratios (8”C) are used to trace food sources of consumers , while nitrogen
isotope ratios (8" N) are mainly used to quantify trophic levels of organisms. Traditionally, 8”C vs. 8N bi-plots have
been used to describe food web structure for a single time period or ecosystem, but this method show less power in
comparisons of food webs across time and space. Meanwhile, simple qualitative descriptions of food webs cannot test
hypotheses regarding food web complex changes. Here we present statistical methodologies for quantitatively comparing
stable isotope food web data. We demonstrate the utility of circular statistics and hypothesis tests for quantifying directional
food web differences using a case study, a freshwater fish community from Meiliang Bay, Lake Taihu, over seasons. We
used arrow diagrams for angle of change for fishes along a gradient of seasons, in which each arrow represents a single
species and the direction in trophic niche space the species moved. The length of the arrow represents the magnitude of

change for that particular species. Concentric circles correspond to magnitude of change. The straight line is the mean
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vector of change among all species; the curved line on the rim indicates the 95% confidence interval around the mean vector
of change. Directional change ( magnitude and angle) and statistics quantifying change in isotope niche space for fish
communities were also calculated. Based on these results, we found that most species from the freshwater fish community
showed statistically significant shift in the same direction in food web space toward more pelagic-based production except
summer to autumn seasons. In support of these patterns, the Rayleigh’s test indicated significant pattern of consistent
change among species in autumn to winter, winter to spring and spring to summer seasons. The Watson-William's test for
comparison of the community in different time indicated that significant difference between the directional change in the fish
community between autumn to winter and winter to spring seasons. Seasonal dynamics of food web energy pathways at the
community-level in the current study was attributed to seasonal dynamics of stable isotope composition of available resources
and foraging shifts of fish species. Meanwhile, because of the high omnivory in fish community in the current system,
temporal variations in pelagic primary productivity strongly drive the energy flows in local food web. Therefore, seasonal
dynamics of food web energy pathways at the community-level in eutrophic ecosystem may imply the decrease of food web
stability in this eutrophic system with the dynamics of resource availability. As an understanding of food web structure and
functioning is of growing importance in ecology theory and ecosystem management, our study demonstrate the quantifying

food web differences from the standard stable isotope analysis.

Key Words: community-level; food web; trophic niche; feeding strategy; stable isotope; eutrophic aquatic ecosystem
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Table 1 Directional change ( magnitude and angle) for each species across all time steps in Meiliang Bay, Lake Taihu, fish community

Bk 4 Autumn to winter £45 Winter to spring % X Spring to summer HFk Summer to autumn

Sp::'ies biilis W 2 S BE IR 2 yiilEs W yiilEs MR BE
Angle Magnitude Angle Magnitude Angle Magnitude Angle Magnitude

LTHEFUBA Cultrichthys erythropterus — 357.30 1.91 203.185 5.461 63.197 2.151 8.505 2.164

SUMEEN Culter dabryi 199. 359 5.49 25.772 5.819

N Pelteobagrus fulvidraco 240.01 1.42 200. 493 2.114

JI5% Coilia nasus 249.65 2.56 214.274 1.634 113.305 2.831 12.095 3.436

KA1 Protosalanx hyalocranius 206. 05 3.01

¥ 48 Salangichthys tankahkeii 239.93 2.85 182.717 6.117

4 4% Hemiculter leucisculus 265.40 0.87 201.329 3.382 125.022 1.551 11.417 4.193

8547 Rhodeus ocellatus 277.79 1.92 190.229 2.703 25.56 2.295 76. 645 1.429
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Bk Fk4 Autumn to Winter A4 Winter to Spring % H Spring to Summer H K Summer to Autumn
Spocies T Wi i W fie W fie W
Angle Magnitude Angle Magnitude Angle Magnitude Angle Magnitude
FEAE A Abbottina rivularis 273.84 1.49 207.79 0.836 193. 005 4.177 30.91 5.49
A0 Pseudorasbora parva 276.83 1.43 179. 834 3.45 163. 811 0. 646 17.504 4.089
SMEGS Sarcocheilichthys nigripinnis  244.76 2.91 80. 647 1.723
5 Cyprinus carpio 239.04 0.82 217.476 0.756 188. 691 1.588 28.393 2.944
il Carassius auratus 10.05 1.78 190. 381 3.385 216.027 1.496 22.925 3.029
FEEWIBS IR Rhinogobius giurinus 40.13 0.92 188.471 3.801
i Silurus asotus 161.492 2.489 308. 603 1.587
W% Hemiculter bleekeri 209. 545 2.839 25.201 5.073
4 Ctenopharyngodon idellus 339. 866 9.703

F2 KNERECELBEERNRESANTIPARETEALHENSITER
Table 2 Directional statistics quantifying change in isotope niche space for fish communities in Meiliang Bay, Lake Taihu, over seasons; P

values in boldface type are significant at the « = 0. 05 level

X " SEHI{E Mean vector FRUE2E Rayleigh's test Watson-William's test
ke e I K pig C/ircular
Time No. species I B ) VA P F P

Direction Length SD
B4 Autumn to winter 14 265.099 0.638 54.303 5.702 0.002 16.679 <0.001
44 Winter to spring 13 192.202 0.872 29.973 9.880 <0.0001 0.246 0.625
# H Spring to summer 13 172.016 0.457 71.679 2.718 0.063 0.512 0.481
F K Summer to autumn 12 20.488 0.898 26.578 9.677 <0.0001
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