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Feeding Behavior of Crustaceans (Cladocera, Copepoda and Ostracoda): Food Selection Measured
by Stable Isotope Analysis Using R Package SIAR in Mesocosm Experiment. Chang, Kwang-Hyeon
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Abstract  Stable Isotope Analysis (SIA) of carbon and nitrogen is useful tool for the understanding functional
roles of target organisms in biological interactions in the food web. Recently, mixing model based on SIA is
frequently used to determine which of the potential food sources predominantly assimilated by consumers,
however, application of model is often limited and difficult for non-expert users of software. In the present
study, we suggest easy manual of R software and package SIAR with example data regarding selective feeding
of crustaceans dominated freshwater zooplankton community. We collected SIA data from the experimental
mesocosms set up at the littoral area of eutrophic Chodae Reservoir, and analyzed the dominant crustacean
species main food sources among small sized particulate organic matters (POM, <50 pum), large sized POM
(>50 um), and attached POM using mixing model. From the results obtained by SIAR model, Daphnia galeata
and Ostracoda mainly consumed small sized POM while Simocephalus vetulus consumed both small and large
sized POM simultaneously. Copepods collected from the reservoir showed no preferences on various food
items, but in the mesocosm tanks, main food sources for the copepods was attached POM rather than planktonic
preys including rotifers. The results have suggested that their roles as grazers in food web of eutrophicated
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reservoirs are different, and S. vetulus is more efficient grazer on wide range of food items such as large colony
of phytoplankton and cyanobacteria during water bloom period.

Key words: mixing model, food web, selective grazing, Simocephalus vetulus
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Fig. 1. Design of mesocosm tanks (phytoplankton supply system to zooplankton culture tank).
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Table 1. Example of data preparation for mixing model in STAR.

Predator’s stable isotope ratio (copy from excel and save as text
file “ConsumerData.txt” or read from clipboard in R)

Code d13C d15N
1 -19.19 12.17
1 -19.26 12.07
1 —-19.55 12.34

Prey’s stable isotope ratio (copy from excel and save as text file
“SourceData.txt” or read from clipboard in R with average and
standard deviation)

Means Meand13C SDd13C Meand15N SDd15N
SPOM -21.39 0.28 8.1 0.15
LPOM —20.32 0.06 7.35 0.31
Rotifers —20.64 0.07 10.09 0.25

TEF (copy from excel and save as text file “TEFData.txt” or read
from clipboard in R)

Source Meand13C SDd13C Meand15N SDdI5N
SPOM 1.63 0.63 354 0.74
LPOM 1.63 0.63 3.54 0.74
Rotifers 1.63 0.63 354 0.74
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Data name

Data input

Predator data (data) for single predator,
data should be input in R

data = rbind(c(carbon isotope ratiol ,nitrogen isotope ratiol),c(carbon isotope
ratio2, nitrogen isotope ratio2).c(carbon isotope ratio3, nitrogen isotope ratio3)....)

colnames(data) =c(“d13C”,“d15N”)

Predator data (data) for multiple predators
*Copy and paste from excel using clipboard

data =read.table(“C:/ConsumerData.txt” header =T)
*data =read.table(“clipboard” header ="T)

Prey data (sources)
*Copy and paste from excel using clipboard

sources =read.table(“‘C:/SourceData.txt” header =T)
*sources =read.table(“clipboard”, header =T)

TEF (sources) (Trophic Enrichment Factor) data
*Copy and paste from excel using clipboard

tef =read.table(“C:/TEFData.txt” header ="T)
*tef = read.table(““clipboard” header =T)

Carbon and nitrogen concentrations data (conc)
(concentration dependence model)
*Copy and paste from excel using clipboard

conc =read.table(“C:/ConcData.txt” header ="T)
*conc =read.table(*clipboard” header =T)

Table 3. R commander for SIAR package and model processes.

SIAR contents

R command

Remarks

Install STAR install.packages(“siar”)
Start package library(siar)
SIAR menu siarmenu()

Running mixing model

modell = siarmcmcdirichletv4

CRAN MIRROR (set as Korea)
R version 3.3.0 or higher version
Running demo (9) for beginner
Save result as modell

(data,sources tef ,concdep = 0,500000,50000)

Running mixing model with concentrations

modell = siarmcmedirichletv4

(data,sources,tef ,conc,500000,50000)

Running mixing model for single predator

modell =siarsolomcmcv4

(data,sources,tef ,concdep = 0,500000,50000)

Plotting result

Plotting matrix

Plotting histogram

Plotting chart for sources contributions
Option for contributions chart

Summary model results
fix(out)

Average contribution of source mean(out[,1])

siarplotdata(modell)

siarmatrixplot(modell)

siarhistograms(model 1)
siarproportionbygroupplot(modell)
siarproportionbygroupplot

(modell ,prn = TRUE probs =¢(0.1,50,75,95))
out=modell$output

Figure 2A
Figure 2B
Figure 2C

Show average contribution
Figure 2D

Save result as out

See model results and fix values
Calculate average model results

in this example, average of SPOM

T A ABEASE EAS Zrh ol Tlele] B
2 modelISoutput oIS AHgste] 2ol s}
o, fix (our) BHoIZ ol §3to] mAAge] BhEZL u)
gelo] Hsalth o] AaE el F AT Do) AT}
wolfl 25 B mean (oul,11); A 192 4
o %% SPOM-o BEEE 7T 4 k. Fo4l o
A 710 BRge ARFE LIFst A5 A
sHe 22159) wol¢l 710122 SPOMe] 36%, LPOM
o] 28%, &3 57k 36% 2, 22572] Bol ¥lFS SPOM
3 $3F7 AHHOR Sohn @ & e YR
NG FAETYD v1&S Yehit o) HES F

>0 ne

o

> o

3 A= B2 S &I - Aok (Fig. 20). &
3], siarproportionbygroupplot(modell,prn =TRUE ,probs
=¢(0.1,50,75,95))2] HHolE o]&3] 50,75 & 95%2] Al
e AU 5 on, ALY B2 AeR &
A1t (Fig. 2D). o|F A -3 a4 A3t whe, A X]
AN AHE 877} Holdo| g, A4 YT HEL
HIE o] &3t HAREY HE A3, A7]7F 50 pm ©]3HE)
SPOMI} &5-79 7]o&°] tha A Al T/ 9ol
ol djsf F3T o] AL TASHA| gh= A= &

e 4 9tk



284 8 - MSY - T&0| - Sakamoto Masaki - SH= - 2158 - 20N - ZEA - LI28 - UBR
(A) SIAR data (B) Matrix plot of proportions
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Fig. 2. Results of mixing model for cyclopoid copepods in Chodae Reservoir (June) obtained from SIAR package of R software.

Table 4. Water quality in mesocosm tanks during the experiment (Feb.~June 2014).

Water temp. (°C) pH DO(mgL™") EC@uSem™) Chla(ugL™ TN(mgL™) T-P(mgL™)
Average 14.8 8.7 8.2 519 114.9 49 0.26
T-1 SD 94 038 50 62 420 2.1 0.04
Range 32247 79-9.6 32-146 461-592 63.4-166.8 2575 02-0.3
Average 14.6 8.7 8.4 518 101.7 49 0.24
T-2 SD 9.1 0.8 48 63 40.5 2.1 0.04
Range 35245 7995 3.8-147 459-594 47.3-153.6 2576 0.19-0.28
Average 154 9.0 94 520 102.6 4.3 023
T-3 SD 90 06 46 63 444 20 0.06
Range 46-252 8498 5.8-156 458-595 50.6-159.7 2470 0.17-0.29
Average 16.0 96 14.8 498 167.9 53 023
Reservoir  SD 77 03 39 56 9.1 1.7 0.07
Range 47-292 92-10.3 8.3-20.3 446-595 83.0-340.4 2571 0.17-0.39
ZAnr 4 st O 2 UEGTH(Table 4). BE HFRA =22 29 F
% 7H5 Al 32~4.6°C9] HES B oL, A E7F HYE
Mang Y2 MEE 710 B¢ FREFAE] 69Ut RE WFRoIA 24°C oo Aol &
71 fiFREY F8 3 FHo|= & Ao|7t g=E A AFA HolgdoZ uHE POMe|| X3H 4 AEE
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Fig. 4. 8"°C and 8"°N values of sources, small sized POM (SPOM),

large sized POM (LPOM), and attached POM (AttPOM),
and consumers in the mesocosm tanks in June.

10

5"N (%o0)
[e¢]

LPOM SPOM

POM

AttPOM

Fig. 5. Comparison of 8"C and 8"°N values of POM (SPOM), large sized POM (LPOM), and attached POM (AttPOM) in the mesocosm

tanks in June.
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Fig. 6. Combination of estimated source proportions (0-1) for major zooplankton groups in mesocosm tanks in June. Lines and boxes indi-
cate averages, 50, 75, and 95% Bayesian credibility intervals for means.

2 7S U, 254 POMY] A$ 7)o w2 § A E HAdRDE F83 AT, wjgFRoA F7kgt
o3t ZJol= gle ALR L}EH&E} Microcystis©ll Y?F D. galeata®] Ho| 7]oj&o] A &4

koA F7keE 8 FEEZIEC HT Hol 7] Eo] 71&9] 7HdE A Ak AL e BHH, 59
AL g YRS 3l otofsto], o] 59 M4 EAS o Hda FHRRE o] &t HAWAE BA% A Daphnia
ofst3lth(Fig. 6). = 34 9 sPHA Aol 2] X8t 7} MicrocystisE o2 o] &3staL ok AvHte 23 o
= WEAA NP A7 D. galeata®| 7% 2717} 22 1 BIE T QI (Yu e al., 2013), Thekst AAF 4] A
SPOME F2 A3} Microcystis spp.d A& XE&3} 2 B AR AatEo] RE 3 §lof (Ekvall et al.,

= LPOMI} AttPOME 7]oj&9] Z+ZF 3%, 2% = ERY} 2014), W@ A2+ Daphnia®) G2 A2 A4 582 4
AL HUSA iz ACR gUSIT /IRl Tk A ol T V1A S Sl YT AHAUE R )

ol glglony, g ALE D. galeata®} SAFSH A A7 9o d Aoz AR HTh

4 HFE GERE B AAR B2 MIEAME  ABRE o A7) PHEE & AR 1A
AA 2t e AtPOME 2 AAshs Aoz £45H3% 31 EHE 4472 (Laeral, 2015), 4 4F& =5
o g FEELIE F S vetuluses 95 LPOMS A A} B o5 AT Aol et Sl A
F8 Holdow HAst= Aoz EAHCH, Pt | 7&4% g ol

o] 7] SPOMPO] 46%, LPOM®] 48% = F-AFSt H]|Z Simocephalus 42 SX| oA F&2 AA3tH, Daphnia
< AA8HAL, AtPOM S ¢ 1% olstel Aoz 245 o FARE Al o AZFolth ¥ 28] + 7}
et A 545 Aol UetliH, 2 Fof FAste st

A7 A AFE s dBste] 53] 52 o E A A= g3 F9 FFo] K==k (Choi er
WA FAS A= Microcystis @ Anabaeana®t 2+ al.,2012). . AFoA BEAFE S. vetulus= AttPOMO] o
< E2AlE A9 A o Fo tfsf] AF7t o] Fo|A gk AAlo] wmgt A o= e, v & B2AS UEiy
gk =y diE AsA A 52 ST B, & 2R 59 HoldHos £F59 BiA Holg ot

m

2

3] Microcystis7t A 39 D. galeatas E 33t sto] AAJsle AR HAAEHo Daphnia®t L 534
FaE0] 23 o|3hr] olFTE Hol B U A2k Ret wol A BAG U AL AT ER 5.
4H] zpolo] ZAZE AAEH ATt (Lee et al., 2010). 2 A vetulus®] 735 Microcystis$t Zro] diE Holdof gist A
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