KJEE 51(3): 205-211 (2018)
https://doi.org/10.11614/KSL.2018.51.3.205
ISSN: 2288-1115 (Print), 2288-1123 (Online)

Original article

o5 BAZF AL Hgo Tk @ D A A: Polyarthra®)
A EXZE o]&3 do|-FA TAA 2 QAT vn 4
QK| - MSE - HEH - Way|' - UL B0 - WEH*

Aoyatn 45 9 A4t 'FUeATe, *edstn $Ang st
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Abstract In this study, we estimated the applicability of length-weight relationship-based biomass
calculations by comparison of body length of genus Polyarthra collected from different habitats. Through
the comparison, we also tested availability of representative species-specific biomass value of Polyarthra
which is often used without length measurement. Polyarthra samples were collected from rivers (Han River
and Nakdong River) and reservoir (Paldang Reservoir), and the body length was measured for statistical
comparison among habitats and biomass calculations using different equations suggested previously.
According to the results, the body length of Polyarthra spp. was significantly different among sampling sites,
and the necessity of body length measurement for rotifer species in each situation has been suggested rather
than using the representative biomass values which is fixed without considering time and space. Comparison
of suggested biomass calculations based on our measured Polyarthra body length, the equation suggested
by McCauley showed more reasonable range of biomass values than that suggested by EPA. In addition, in
order to calculate more accurate biomass, it is necessary to measure the body length of rotifers, at least more
than 44 individuals to reduce error probability to less than 5% with 99% probability. However, since direct
measurement of rotifers biomass is limited, it is considered that further analyses are required for more precise
application of rotifer biomass of which has high variability due to complex morphologies and species-specific
cyclomorphosis often induced by biotic and abiotic factors in the habitats.
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o A%, MAs 715k FREA Al FAF 7152 St
= BATHY F7] zol& Qg 7|5 P JF ztol7t E
ol BiFER] gt TAE I ERE YAFY 28
o] E7}usjrt.

YA v AE F A2 BARReL 1ap anjAE dF
N7l 98F sdtte sE2FIE2 A9 4
S4 2 FSHLHE BHF5H] 2l s 2 T4 AH
Al 24k Slo] DAl AE 3 o]th(Uhm and Hwang,
2006). 3EEHIE +H2 AL4F/, 847, STFE &

Foto] A 7IRte 2 B4 st o] dukAo|z|ut, A
R AT 27] 2|2 Qs A 75 SHAA
A-E ofstal Hlwst=t glof Hof F&d JHE &
7] Y= BAF = EEAFS 7INe R 3 E4o] &
L3}H(Kim et al., 2013).

SRR AHides A77F & AZRet 27-5o vl
ST A 279 FH Y EFA 2 ez Qs
WAF S84 %ﬁ T 5ol "ol AAEAGIA] gt
(Pauli, 1989). ¥¥tA o2 $-37+= Feof ozt E4 72
9] do|g FAst o|F AAFLE st AL
At AAFS AFEsta oy, 239 2SRE T
g8 7kzk 2438170 3HA| 71 9l (McCauley, 1984). ©]

o] met dF AFAEE TEE AXE HELS BAF
AAro| AHE3EI Q)X 9k (Pauli, 1989; Stich et al., 2018) 7]
=9 Algto g oo gt At HF2 o AAolth
(Wetzel and Likens, 1991).

b, & ATelHE 71z AN £5F AN 2
A S o 83te] AA| ThE Bel A APE Aol
SFRE Aaste] AL 2HHTL 0T o8 Axw

% 9 HZE B AU 2g P

. 7 ARE AR YA

A% 574 glo] dEZ AHEY 7Hs o5}

Z B e 54 A |

floll Haf n@stgich A5 HsiA= FE7E deste

FYJHO 2 3= Polyarthra & S Z E4S

33} T (Havel et al., 2009; Makino et al., 2017; Kim et
al.,2018).

o] AEE 437 AEE 47 37 SR CIgd R
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=2 £4 dasigr. BYset Y57 7R YA
l% 20164 o8l FAstol, WY 59l A4 20174
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@ 3 ol 25
Z A &u|7 (Olympus BX 551) o}oﬂ/ﬁ zZ+ A& W Polyar-
thra spp.2] A< SAsHAH. 2 A= AvZd 42
= HK3.1 UCMOS 7H|2+& 0]&3}¢] HKBasic software
(KOPTIC; &3hol A olulx 54 52 B3 2% 2
A Ada st A= FAY dol(um)E S35t
ek A 549 SRS FoD) HA A9 ks
|oHA grstem, A7 ¢ds] JAE & A 5%
AAstH Tt T3, A (Sedgewick-Rafter cell)9] &F
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rnH mlo

ol 9121 BoH 7] 250 ofele A 27 el
A At on, SO & 1007447 258 WA
Mg RANEE HAsle

AR =23 AL A4 ANF 5 WAL Polyarthra 7\ A
£ A2 AAstglon, 53 MAe7t S OE
A P A D 2EHAY 2 A d wE FFE v
stttk 2+ X F oA S8E Polyarthra spp.2 Bt A%
£ ANOVA, Post-hoc test (Fisher HSD)S E3j ¥4, v
H 2™ (R version 3.0.3), ZA} A-E 5 Polyarthra spp.
7} 7V Wol £33 I st AHS HEE A5k
Hop Fehgt W4 v 2 23S Yal 534 100704 Y
Ao R ALE FH4gS BT FHORE 715t @
247} 5% ©)3t7F B T8 (90%, 95%, 99%)°l AH-gst= I
£ 54 AASmE et e 2257 FEst
Qoug FFATREELY ALHAE o] 85Tt (a).

FE F7|(n) > (Za/z Z_)Z (a)

Zan=OA & A BEx9o J%7F F&
a=1-A1g+Z /100
=R FF HA

d= 93}

248 ot AH-A BANL ol §5tel AAF (A
Fw o2 Bustech. A4 2E Blwsts] 915 (1) A
X

714ke] EPA #4H4] (EPA Great Lakes National Office,
2003), (2) 37 A& 7]5ke] E4H] (McCauley, 1984)2
o] &3l WAFS At en, 857 T AAF HE
#e] B E 8l (3) ol ATl Polyarthras:2] Ay
A Gz AAEHRE FE(Dumont et al., 1975; Bot-
trell et al., 1976; Latja and Salonen, 1978)3+% H| w3}t
(Table 1).



Table 1. Summary of rotifers biomass equation.
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Rotifer biomass (ug)

References

(1) EPA

= {(length® X FF) + (%BV X length® X FF)} X 10™° x WW:DW

Length = total length (um)
FF = species-specific formula factor

=0.23 (Polyarthra spp. Common value)
%BV = volume of appendages as a percent of body
biovolume =0.1 (Polyarthra spp. Common value)
107%= conversion to wet weight; assuming a density of 1
WW:DW =0.1 (Doohan, 1973)

EPA Great Lakes
National Office, 2003

(2) Using the volume
of rotifers

=v X constant value for converting to dry weight X 107

v=abc=028xa’ a=total length
107 = conversion to wet weight; assuming b=0.7Xa
a density of 1 c=04Xa

* constant values for converting to dry weight
— Schindler and Novén (1971): 0.05
— Pace and Orcutt (1981): 0.1

McCauley, 1984

(3) Fixed dry weight

Polvarthra vulearis 0.043 Bottrell et al., 1976
Y gart 0.066 Latja and Salonen, 1978
Polyarthra spp. 0.74 Dumont et al., 1975
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Fig. 1. Accumulated average (um) and Standard deviation (um) by measured individual numbers in Han River.
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24 27] 2oL AAL Holth} +4 BRL 5

55 ARE HASIY Polyarthra spp. /A& A% dstA 54 FE 7 207 ol4o] HWHA AT

EAYE A ST FAA 53 A ST st A™ES E2HAE 5 27 353 o|F 7ast

nE F5F AT 4 37 2 ZE2HA HIE 24, o =3 FFgE A HoAuA] = A S B

H @ At obd -G D 95T 4 A - (T O G5k AL & FE 71 607 o)do] EHHA
= IT o

S A% A gatol F7FE ARAA &7 AFS 28 AR € AAFAA

T G5 F o2 =R AT BF 94 BE S o|FREHE IHd F2EE %

il REE BE = ASs YT F A AR FHHde] = B

& e (Figs. 1-3). Al AF 27 AR SHT Poly- 2 Al wheh AolshAl veh, Ao w2 A 1k
arthra spp. F& 7F 20704 oldo] HHUA ®lwE 4% A9 Wo] A=} WhYEE Ao Z4H Y
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Fig. 2. Accumulated average (um) and Standard deviation (um) by
measured individual numbers in Nakdong River.
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Fig. 3. Accumulated average (um) and Standard deviation (um) by
measured individual numbers in Paldang Reservoir.

A4 Polyarthra spp.2] B+ A% vH|ngE Y3l 2+ A
HollA S3E AAY A dHol"HE o83t ANOVA,
Post-hoc test (Fisher HSD)Z 243t A3}, Al 2|42 Hd
& 247} &7} 139.56 um (Fig. 4(a)), 957 97.39 um (Fig.
4(b)), TGS 12045 um (Fig. 4C)E A2 T2 Aoz U
Eb5tth (Fig. 4). 4549 3F B« Ao & 4 &
T2 AHY &7 B AL Aol e A= W
(Fig. 4(a), (b); Fig. 4(b), (c); p<0.05), 37 s}t TFE
7 B AF ele YT Zolzt iR gkt
(Fig. 4(a), (c)). T3 77} TFoo|A A ghe] wol7t
£ ASR BXNEY Polyarthra spp.d] Bt AR 4 EE
F2 Ao ot {o3t Apol7t EAste AL E UE
t}.

Al A8 Polyarthra spp. Bt A7) 95% A217H
T3 A, Kol what A= E7he] Fo] AfolshA Uret
o, A BH BFToA ARH R {2 ATt
r2 7= AL R Yeiytth gebA 3% &57F AT
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(a) Han River (b)Nakdong River (c) Paldang Res.
Sampling site
Fig. 4. Comparison of Polyarthra spp. body lengths using boxplot
(the median with 10", 25™, 75" and 90" percentiles with
error bars). The results of ANOVA, Post-hoc test (Fisher

HSD) among rotifers body length (um) in different sam-
pling sites were shown in top of plot (p <0.05; significant).

o]¢} Zr2 2o wE Zpo]Ho]
S E T} (Table 2(a)).

Z 10070A1 9] AF-E 43 7] dolgE o] &3t
ézélﬂ Polyarthra spp.9] A< BAT FFoz 7Hs}
I BERFFEE ALAE o], A7 5% olsrt 2 g
£ (90%, 95%, 99%) B a3t A MAFm)E AASE 2
3, @27} 5% olsk7t E &0l 90% oIt =W 574
Al, 95% °lst7t HEHH 26704, 99% o|at7} =HH 447H
Al ol AFE Sk st ALE UEyt. &,
g £017] YA Hol= 447HX1] ol A &4 l
Zast Aoz AA . o= Al AR A9 2557 A
2o B2 Hgho]l BE oF 4070A) AEZ A G
7= % GA|5H T (Table 2(b)).

A= AAL 7|0 AFREEO & EPA Y McCauley
AARAS 0] R31o] Polyarthra spp.2] ABA|FOZ
]/L}.Q }\gxﬂa]:_,] ]j]_u_E E_aH 3;17(46]— Z—LQ_ l:ihﬂ
l PJJ} st 7, Y5 2 29s Al Ao
TLEZ o F EPA AAH] 7] Hko] AA|ZFo] McCauley Al
4] 719re] AR =2 3 UEh itk ALE A
AF #2295, 954 cAdE w2 A2 Y
Elon, o]z Ao 2ol FUS HFSE, EPA Y
McCauley AlAH] REFo A FUsHA UeTh(Fig. 5).
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Table 2. Lower and upper bound of rotifers length data for 95% confidence interval in sampling sites (a), and sample size (n) for each 5%
error probability (90%, 95%, and 99%) based on rotifers length data in Han River (b).

95%
(a) Confidence interval
Han River Nakdong River Paldang Reservoir
Lower bound 169.45 um 149.62 um 159.80 um
Upper bound 178.19 um 158.58 um 171.61 pm
Interval 8.74 8.96 11.81
Error 5%
b
® Error probability 0% 95% 9%
(n) 18 26 44
Han River Nakdong River Paldang Res.

0.3-

S
[}
-

e

Biomass = 0.066pg
(Latja and Salonen, 1978)

Biomass (dry weight, pg)

Biomass = 0.043pg
(Bottrell et al., 1976)

0.0-

EPA -
EPA -
EPA -

McCauley -

McCauley -
McCauley -

Method

Fig. 5. Comparison of the range of rotifers biomass (dry weight, ug) calculated by EPA method (2003) and McCauley (1984) with fixed rep-
resentative dry weight (0.043 pg by Bottrell et al. (1976); 0.066 pg by Latja and Salonen (1978)). The median with 10", 25®, 75®,
and 90™ percentiles with error bars was shown using box plot.

T 7HA 9 AitA o2 BHE AEE AR dEtde AL 72 AAE HH Azt HAE 225 Me-
2 955 AT QTN Pobarthra ) BAF GE  Cavley ALAE ALESHE Aol BT Ao werEd
o2 AAE 0.066 ug (Polyarthra vulgaris; Latja and Sa- AT e =2A 57Y SE BAT dEGS 2
lonen, 1978), 0.74 pg (Polyarthra sp.; Dumont et al., 1975) HBEA o o]&3} QAT (Dumont et al., 1975; Pauli,
T} 0.043 ug (Polyarthra vulgaris; Bottrell et al., 1976)< H] 1989; Stich et al., 2018), & Ao A X H&of| W Polyar-
W3t A3k, Dumont er al. (1975)0] AAIRE gkS] A% A thra spp. /WA AL AFoldt @S Uetdiy, o] 5 74t
H 5 7R e AR AAF HAE 2N 22 o2 AXME AR 9A A- et EA YRR
Aoz Uehy tiEgte s AMgstr|ol= B 2igiae MAE BAF hEES o] &R QT 22 78 TS
Zpo|7} & Ao 2 yebytth BHd, Latja and Salonen (1978) Ao 2 Aoz wotEth wehd, 2ot AEsH AAF A
3} Bottrell et al. (1976)°] AAIZE 3kl F$-, McCauley 4] AHS $J8liAE A L A7 S35 WAL AR &40l
o2 Abd AT AR 32 7HA = WHE,EPA A Al Aeg Bt A S dolAe 5389
o2 ALt AT o Aold dE A= A2 U 2AE 5% olstE R fldAl= Aol 4470A] o]
E}5tth(Fig. 5). 8% A o] &sto] BAFS AL AFE SHHF st A2 YeTH (A7t 5% o]t
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2 50| 9%7}F He= &4 A 4h). ol= EPASIA A
At 837 AAF ALE A% F2 373 AAS 0
AADS T uff ool siF== 7HAI4=0] A%t (EPA Great
Lakes National Office, 2003), =4 Z o2 X} A&st A
Z 9 ol 7|Hte 2 3 AAF AL sl 44704
o]F9 4ol aqtd E3F ST AS 01%??} A3A
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*e Ao g dgEAe 71eH Ao R if"‘ %
of BAFY AR HHL ST BT HFo] oL
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Polyarthra spp-
€ B9 ofelgo2 & Seold RS Abel
st QuH o Fol wet AAZe B AR
ot wASEE B A7ABIA bt AHE A
} Zpol= A @ WE Polyarthra spp.2 & 249 A}
ol Auld & Utt. AT, P. vulgaris I FH A
W7} 100~192 2 BYS g 71 Bk opz)
(Carlin, 1943), EPA AXFA X 9] Polyarthra spp.d] I=
(& EolA 44 QQI(FF); A5y thu] E&x] By v
& (%BV))°] AT e 7= S 13 & H(EPA
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