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Abstract In this study, we investigated the response of freshwater oligochaete, Tubifex tubifex, to the water
temperature changes and the differences of substrate composition in a laboratory condition. The changes of
body shape were observed in a test cage according to the water temperature change ranging from 10°C to
30°C with 2°C interval every 10 minutes. The substrate preference was observed with four different substrate
composition from silt-clay to coarse sand. Our results displayed that 7. frubifex preferred substrates with the
smallest particle size (<0.063 mm). The water temperature influenced on the activity and body shape of
T. tubifex, showing low activity with the coiled and constricted body shapes at lower temperature and high
activity with relaxed linear body shapes at higher temperature.
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Corkum et al., 1977; Peckarsky, 1991). BHH, A 2| & o] 0]
(Lumbriculus variegatus)} FARHol& xgst I A
A& o] I} (Tubificidae)o] £3}= £ w]A}(silt) (<0.063
mm) &2 22 37|19 dAE Aoy EiH
(Lazim and Learne, 1987; Rodriguez et al., 2001).

ALA HE, ZAS 4dH e o= Qe =2 W
3= AMANFFEFTE=Y A4 (Regier et al., 1990;
LeBlanc et al., 1997; Nedeau et al., 2003), =, A4S 4
A= Za3 ozF = shtolth(Regier et al., 1990). <l
£ 59, Sutcliffe er al.(1981)°]] Wr2H G- (Gammarus
pulex)d] AZEL ¢ 21 oA v gt Giberson
/s Rosenberg(l992)h SF2AF0] Hexagenia 0] 8°CoJ|A]
7 22 AFES Holn 20°CY o BAEL AtE
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2 AT- (Brinkhurst et al., 1994; Timm, 1999; Seong and
Hak, 2000; Park et al., 2013; Lee and Jung, 2014a,b)2} 4=
AARE 3t AAHolY o]& 7Hs/d d7(Choi, 2005;
Jun and Park, 2005), A X H o8] Hef=4 Aol T3t A
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JERIE
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AHE 5L AR o] (Tubifex tubifex)S |43+ T}.
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£ epony el Agadt. 7UH Az =
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S5ttt AEE FAXHol= APAA 22§ 22°C
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Fig. 1. (a) Examples of body shape types for oligochaetes responding to water temperature changes. (b) Measurement of contraction degree

(C; mm).

2gago0, o8 3
A3 Th(Fig. 1b). €] A& &4 i-Solution (Version

2001, iMTechnology) T2 1L o]-8-3} 3 t}.

A I= (contraction degree) A|+=Z

U]A} A& (silt- clay, <0.0625 mm) O]——,— e Eﬂ{
(very fine sand, 0.0625~0.125 mm), 212 X2 (fine sand,
0.125~0.25 mm), 2] (medium sand, 0.25~0.5 mm)&
TFASFE e, A 2+ silt-clay, very fine +fine sand,
medium sand, B2 2 (coarse sand, 0.5~1 mm)Z FA
ShlTh. ZF s wE Ak Eol 3emE A o] F
M} YRSl AlolA] REE FHAY ES 2H2EA
ATk o] A= oE A7]9 Mol 4olA] FA F9
st 7ol S Al ASHATH T AL Sl Ao
A (oF 3000mt)E Eoem 72A12E(3Y) Foll 7 sH}
H2 EAsts FAA ] AAs+E sk (Fig. 2).
A9 717t & Hole FEeHA ¥ten, g4z, &x
22°CE AT AR Fol o] A A A= ¢
& = MAECl Bol FAE S5t FZa}stqiet. 72
AIZE & 7 sy 209 Al 2 s AERE A
S< 2ot FAE S ol & A= stk
AR Go] AAE shtA F&3te] Fote]= Aol mi- of
7] Q2o FA - WA S AL E AEst AFE F

= Z

=743
—
1__

319t RS 22 A AL B3l 300 AA (&
& 3% o0mpel AR Ssiof w02 4834
o 24 19 A9 103 U2 72, 27 29 AL AY 9

R2 A 63 W2 42E AgIect

(@ (b)

MS FS CS MS

VFS S-C FS+ VFS S-C

Fig. 2. Schematic diagram of test cage for substrate preference of
T. tubifex. (a) Condition 1; MS, FS, VFS, S-C (MS: medium
sand, FS: fine sand, VES : very fine sand, S-C: silt-clay). (b)
Condition 2: CS, MS, FS + VFS, S-C (CS: coarse sand).
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3. Example of morphological change of T. tubifex according to water temperature increase.
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imum values, and open circles are outliers.

FE7E F2 ALHUT(Figs. 3,4). 4Bz &1 7
2 HA WEE f935H 13 49 §F 302 &
= = B4t 20 OE 5 A9 ¥k 7}
259 10°CY wf, F7F =9 12~18°CY df,
231 20°C oY o I Zol7} FAAHCE {oF
T} (ANOVA, Tukey HSD test, p<0.05). %3 13} 22] e
A o) FARFHolY] F2 7 wol 55 = AdH o]
I, 77 3,42 mQlo] At {Ysts BEoE WE
2 o 59 oj¢hd AEe S7FIAT(Fig. 5). 4 5 ¥
gof 2 5 A= FAALE {3 Aol Hiith
olZ|3t FE|A W3t= TFA HIE tHTTHANOVA,
Tukey HSD test, p<0.05).

o L 2 N

¥

Changes of contraction degree (a) and proportion of body shape types (b) for T. tubifex responding to temperature changes. Different
alphabets on boxplot present significant differences among different temperature based on Tukey HSD (p<0.05). In the boxplot,
underline, middle line and upperline indicate 25 percentile, median, 75 percentile, respectively. Outside lines are minimum and max-
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Fig. 5. Differences of contraction degree at different body shape
types. Different alphabets on boxplot present significant
differences among different temperature based on Tukey
HSD (p<0.05). In the boxplot, underline, middle line and
upperline indicate 25 percentile, median, 75 percentile,
respectively. Outside lines are minimum and maximum val-
ues, and open circles are outliers.

29 F7tol| Higt APS T8 FAAFo|7t 20l
<= ‘IH—‘E A7 ZAdE AHE FASH E54E R
20| F7Ighol wet 7o) mYo] FojA L FF/dol
R A8 BT Shakol EAE Ao
o wow Aol FEHo] Astelol a4 Lol 3
I 5ol 243 FI95HA =tk (Choi, 2005). &2 A A
o]} (Tubificidac)®] BET AF Ex HATE| FF
< u] It} (Aston, 1968; Chapman et al., 1982; Bonacina et
al., 1994; Leppinen and Kukkonen, 1998). o]} 37 £ A
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A31e wch FAAYL He S HBe olf
= 4AE 92 & f7ESE S50t A H
Aol e 279 YAst 2 BRRE AF] o)
02 BtE ek (Lazim and Learner, 1987). A&
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Fig. 6. Substrate preference with different substrate combinations.
Condition 1: MS, FS, VES, S-C; condition 2: CS. MS,
VFES +FS, S-C. (CS: coarse sand (0.5~1.0 mm), MS: me-
dium sand (0.25~0.5 mm), FS: fine sand (0.125~0.25 mm),
VES: very fine sand (0.0625~0.125 mm), S-C: silt-clay
(<0.0625 mm)). Different alphabets beside barplot present
significant differences among different substrate based on
Tukey HSD (p<0.05).

At olelst Stk A A7)0 Pt AzAe od AT
NA = GAFSE A7 R ¢ith(Ladle, 1971; Lazim and
Learner, 1987). $tH, 2359 T4 X H o] (9 tubificids, 2
lumbriculids, 12 naidids)E | ste] &A%t Verdonschot
(1999)0] oW FUAYolt 47122 EF e B
AH (@A A7 025~05mmY {71 (F 718 &F 1%
oS &= H#2 2 (0.5~2mm)E A& sttt 5}
T}, Verdonschot (1999) €0 = dlAFe] AT wof ajiA]
= 47 2718 ofyE f71EY &, B s W mA
=9 7/ McMurtry et al., 1983), ©]-& 753 #olof &
(Brinkhurst, 1967) 5 o8] tt& ZXAE0| FQ35ltt=
= HolFes dFE0] JeER AR £2F AS3he
£ QU A7|ko 2k oj@e Rolakn dAFHT
HUAYOIE olgatel S walk L obit 4ol wE
WSS B A5 At A Yol Paks) vree BHe
P e FolohE AR ThE ANEE AR A4S
7é‘°ﬂ A oA AAZY 7 Al LT &F E
A= gt gh-g-of zFol7} 1S 4 Ut} (Poddubnaya,
1980; Reynoldson et al., 1996) EgH A A of whEbA =
33 Az A 2po|7) A& 4 AUTh(Sutcliffe ez al., 1981).
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St A oNA Y vEE- ()0l SHE] AASHA] & =
& Aot 3 Ho} {2 33, ohdRt oFe] 27 A

SR

9
o S

0



360 25T - Hioly - B A

248 AR Al A Q1A 5H <, ol3feA
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<0.063mm)S A5}

Al Al

2 die FHATATY LS o 7|2 AFAY
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