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The Growth Characters of Carnivorous Protozoa Dileptus anser
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Abstract; Positive effects of protozoa on mineralization of the organic compounds were clarified in the wastewater
treatment process. In particular, bacterivorous protozoa are known to be the most important grazers and predators of
bacteria and cause a decrease of biomass in wastewater. However, the role of carnivorous protozoa in a wastewater
treatment process has so far not been reported. In order to know the role of carnivorous protozoa in micro-ecosystem,
the effect of protozoan species as prey organisms, concentration of prey organisms, and temperature on the growth
characters of carnivorous protozoa, Dileptus anser were investigated. The results can be drawn.

Dileptus anser was found to be a wide ranging polyphags. The calculated predation rate for Tetrahymena pyriformis
was 140 cells-day'-cell’. The maximum specific growth rate of Dileptus anser using Tetrahymena pyriformis was
1.22day™" at 30°C and ZE was 74.0kJ-mol". Removal rate of DOC ( Dissolved Organic Carbon ) in batch culture
experiment by adding Dileptus anser was 40.2% and biodegradability was higher than that of no addition ( 23.3%).

The presence of Dileptus anser enhanced the degradation activities of DOC in the detritus food web.

Key words; Dileptus anser, growth characters, predation, organic compounds, detritus food web

1.IEE®HIC

IR G HER R I E A ESERBREMBEOT T, AEFBHMBEILCEERUBELETIHNETHS. £
DFEBRILTETONARESL THLENOOFRIEAKL, FICEYWENFIE LI TLABRTORTNDH, H#
SRR CMEYMRAEEREDOLIREAKEOERILICHY, JVEERLEKELERTIHDHE
WRRDENTWE, ZO—FELLT, BEFLEOEAILLZEABRAEM ORI EER SN TSR, kLR
FEEORTHIEFLNEHE THDLL, HRARTOEHIRMTHII LD, BEAYIEMICE>TiTW A
AN

—05, AL EER ORISR T, REEMORLIIES WA HHE - FATY-HUNEEBY) HD
HWRRESNOMAEYWEERRKEER T4D0BABEER >TWA. ChSMAH OB AEHICLY, YkLEBREZIC

*HAE KRB R R T e Rl ok T 5 B B (Graduate School of Engineering, Tohoku university)

** [E ST B BT 3T T (National Institute for Environmental Studies)

—263—



BWCHBBAS IR, BAEHO FU2 H03FE T O®RENs, (DEREESR, Vookahlooil
M OPEIR A, EORREIEERETAY QFEEEDN, MEOEN: LS 2HBEREDE SR
Y QHIFEDT7oFal — el BRELT, fIEOKRBGEEZFED LY (HAELSOF/EEY OfRRIRINETBL
£0S5THOIDT, MEEHRETHIILICLO A AVARFED T2, REFFT o, LEBRICEETEZETIREN
EEZOND. LI TC, MADMBEERZZERRICRHET2ILICED, FTRFABLICEREY R E DS iiiES
WAL TAZEMNTREIRD. Lo, MADEERIIEZICEHETHY, TR AEPEETHDIZEML, BABEHIC
BIDWMABMOLEE, B, HELSOEBRFNE LERIIRLICELHIIRATELT, ELICABRITFNT
&, TRbbE VBRI OBMAMHEORE T RIS TR,

FICKRTE, MAEDEEREZEMAL, HM FEZRILTIO0H - BRLLT, BAESE#HOR LILIOT
BT2ARMEEAEEY Dileptus anser {23 B Uz, HEAKLBEMEER ICHER TR GMERAESHELTL, #ERE
Dileptus sp., Didinium sp., Coleps sp., W& 3 Podophrya sp. % 03 b TS Y. BB FEIFE/AE YO E ik
R 0~15% &R A, ZROAHIRL TV AL OLFAKE L BOD 2% 10mg 1! LA FERAFRBENE VY. Zh
i, AEMEABYSMERSEREBPOBRFERELEMLIC T DEENSIHIE FL7e0, SBHICHEOEH%
WS REREEBERIETOEEZ 20N, EIT, Dileptus anser (X DE Wy L ELER U TEB &3 E L, KB T
HELDRERHEESHETES, SHIABRBEICETIMAYIEVOMRBELNTNS, L )sahh, AR
BABMPOREZHELHIITADILE A THS. UL, TRET Dileptus anser (X TARER FORES
Dileptus anser X FALOAEY BB OBREICE DLIREEST 5250080, AREENERICHE T CITIZEAL
T Cuwigv. £ T, Dileptus anser DHFEFFIEE L CTH/EHOTE, I, BEDRBII OV TRNTDHLEBI,
NEERESYOFENEEEHICLIIAERD S REREICRIETREERFL:.

2HRAE '
2.1 B Y Dileptus anser D ‘
Dileptus anser WIRALEYFHERBIIRL, BLITHE,
ARAMFOFEMERLAWMIEICHE T3, Dileptus anser i
OREABYEHETIARSELL CHLRL TS Y. (KREIL250
~800um LRABYOPTLRETHYY, KEREE-1 &
AL ESI, MBEOSEEBAREHBY, Z0EHICHEA 0% .

o

ALTWA. BEORIIEAEYCERERNL, BiX58<2 LT TN i
ST A THIN O 54 WETDA T LV NH BT, -1 Dileptus anser OIAE

2.2 Dileptus anser D5 B, B{CIEH
BBIZBWTERRESNIZHEINS Dileptus anser Xy MEREY THEELT.. 6 A BBIEELHEWEER
60mm D F A AR —HF 7Ny —L 2 Sml 53 EL, 23S Dileptus anser 2 #FEL, 20COF AE &4 T CHELR.
R HFEU T Dileptus anser DREZMEZXNT, FLWEEW OETFIIT 5~10cells LR DI TIT 72,
2.3 Dileptus anser D ILIBTEEE DB F ik
Dileptus anser D FEEEIILL T ORXEPR TR E LK.
I, N

=-ln— (n
H t N

TIT, po HOBETEERE (day?), ¢FFR (day), Ny, t=ty, t {23513 D Dileptus anser D (K (cells) THS.
24 SHAEMOZE

B CEBRUZRERIZBWT, Uronema sp., Aspidisca sp.% D#EE RIED Dileptus anser (A SILTHDHD A
BEIN. FEE0M RN, EABMOHRTRELIERBORHEY Planarian LB T 5%E, ERETH
BLEBBALINC 2 TND V9. LLEDERE LSOV TIALWS RIC S0 TIEBMICIIFHLMITR->T
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WS, FIC, FEAEM 7T EE R I ONE A E Y | BIEE Dileptus anser DIEAEMELTHRL, BT HER A, X5
\Z Tetrahymena pyriformis, Colpidium sp., Uronema sp AW & UT B -E OISR REILZ.
241 SHAEYMORE -HEHE

HEBICHVZ CESEHIIE, Cereal leaves Dehydrated (SIGMA) 1g-1" & EGG YORKS Chicken Dried (SIGMA) 1g-I"!
FENER 10 pEERZAEL G No.5), EEBRELALOTHY, WEED pH A3 7.0 ILR22IHICHFHELE.
TOC 1249 110mg 1" Tdh-7=. Dileptus anser DEEAEY THHFHEDBOEWMIR THOME T, PEAKLE R TR
W &NBD Alcaligenes faecalis, Esherichia coli , Bacillus cereus xR EL T W, (HAEMROEBIIETAER
Tk, RA®Y 7 & (Tetrahymena pyriformis, Colpidium sp., Uronema sp., Voiticella sp., Paramecium sp.,
Blephalisma sp.), 3L UMEEEW 1 i (Colurella sp. )%, BAFAFHEICEE T2 KR T Tetrahymena pyriformis %,
HHeW 5 R RITTEBICETERTIE Colpidium sp IV -, Zhb% CE E#hE S A/ 7T A5 iER,
KAEYEEREL, 20CITBWT 6 ARMIEEL, (HAEMELTHLE, $7RbbMME U4 WIS EIEY 60mm F 42
A= T NT v -2 Sml HEL, #SEELUS Dilepius anser % 10 fHERRL, IWMBEERZ R DT,
242 BEYREOEE

— RIS, A O R EECH REERE OB RIL Monod DRICK- TR ZENTES P, —
EOEE #EH‘F’C@ P E R EE R PRARICHY, BRI IEE (1) L8 E K
(K)BRdbd. 27T, Tetrahymena pyriformis #EWEUTIEE, BHAEMBEDN Dileptus anser DEEFEIC
/"}iéﬁ'”ﬂﬂ%mﬁbt AiE® LTz Tetrahymena pyriformis %, pH7.2 O 1/150M Y 8842 i % AV T 2,000rpm

SRELDEEL 2 FDAL, BEFBLICER L. ZHERBEAKICHFRLTIXI0, 5X10°, 1X10% 5X 104,

1 X 10%ells mIM TR B LHHE %, T/(Z/T'—‘U‘7/l/‘/'\’—1/ Smi43i¥EL, pH7.2M 1/150M V. BERRE IR CHEHL
7= Dileptus anser % 10cells HEfE L 72. 20COEIRZENIZFHEL 0, 1,2,3,4,5,6, 7 H BICFHE&ETo7. ERiT
% 3 ETITo 7=,
243 BEEAKOEH

X TEEIC D Dileptus anser &, fH/AEY &L TH 5 LT Tetrahymena pyriformis DB (K3 D EE{EM G,  Dileptus
anser DIBIBEE R IO BHIZ00 &8 R ERD 7.

t B B @ Dileptus anser D8 4513

Ne=N,-e#* )

LEIND. ZIT, N, ,:0, t B B Dileptus anser DA 4 (cells), p LLIETEEE (day™)

F7z, tB B Tetrahymena pyriformis OEEEIE, = O#IMICZ Tetrahymena pyriformis 3 IE 3, IO AL
ST D LI W ZEBREFRENTWD I EN D,

C=Co— L:a - Necke 3)

ERIND. ZIT, Co 0, t A B (1Z0) D Tetrahymena pyriformis D8 (54X (cells), o :Dileptus anser 1 {H{E1 B &
70D Tetrahymena pyriformis {8 & B LK (cells).
HOITHK@EFRALT,

t
C,=Cy— Joa CNpe®de  (4)

e’ ~1

C=C,—a*N," (5

I, EBRIVELNAEERAL 1 BHEVOWABEFERFEHLE.
2.5 Dileptus anser DIEMIZRIZTREDEE

Dileptus anser O/EBRMBEHEOBERICHBEROZDIC, BEOHFIEETHS. £2C, 11T, 15T,
20°C, 25°C, 30%C, 35C, 40CIZBWTIEEZIT o 7=, ERRITIX Tetrahymena pyriformis % CE EE#ilil v T 6 HH
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AIEE L, 20,000cells ml" TS E L DEZRITEEL. TARXER YT L v — 1A Tetrahymena pyriformis
BERE Sml DL, #ERESE U Dileptus anser % pH7.2 O 1/150M U ERAEEHHE THEHZ, 10cells E72B 551
HERELE. FEECREL A Fa—F—FICHEL, 0,1,2,3,4,5,6, 7T 0 BIZHHEETof. ERIE 3 HE
T{T~>7.
2.6 Dileptus anser DIFEEHICHET2EHMH BREEIIREIEE

Dileptus anser OHEFEE E WS Eoh B D27 Colpidium sp AW EL TRWT, WAMEALEY Dileptus anser O
BABEHICBITDERY S RESRECRETEELRE L. 772bh, Y ERMLANE RS ME A
PR A Colpidium sp B HERUT=FR, BLUESIZ Dileptus anser ZHR LI oD FRIZOWTILERL, Dileptus
anser DIFTED Colpidium sp S5 IE D DOC WA E LD EEW /-, 200ml ZHA 75 X=|{T CE 5% 100ml
SHEL, A—ML—7T121C, 15 SRR E %, Colpidium sp ZHEL TRIEREITV, 13,000celis mlIM S L&
&, Dileptus anser TEFERITITY  BEFE @K TR LIz Dileptus anser % 100cells #28 U7z, Dileptus anser DR
% 0,6 ABICE#IE 10ml ZEEL, REHEOREBLG 045 um AT I 74 F—THil%, DOC(RTEHE
BHRREF)DOEIEICHL-.

BHRBIUEE
S1EEEMEOEE
Dileptus anser (= Colpidium sp., Uronema sp., Tetrahymena pyriformis, Aspidisca sp., Paramecium sp.,
Blephalisma sp. Vorticella sp., Colurella sp ZB/EMELTEZTLZ A, TN TOEICH L THENHEIN:.
Dileptus anser {LERIETHB LWL, BYRICBEL CEBRESFHFOEICH T 2EEE ARV I L REEE T
7, BT E A ORBBEIZL > TRZRY, Tetrahymena pyriformis, Colpidium sp. BX T Uronema sp & JF
7-35 6, 20°CICIBT B Dileptus anser O LR E (I EH . 0.46day™, 0.50day”, 0.20day' S RAAFERENESN
f-. Tetrahymena pyriformis E7=i% Colpidium sp %% Uronema sp. EVGHEMEL THE LU THNBIERHLNTHHT2.
Uronema sp XS R G T, MAEBRENEN-IICLBEDLL T, Tetrahymena pyriformis ¥ [FEMELT-LEDH R
Dileptus anser OLLTEEE B E otz ZHUE Uronema sp 1K KR A3 30~50 u m &/hETEENEL, Dileptus
anser \ZX DAL EBLB VOIS L, Tetrahymena pyriformis 13K E 50~100u m T Uronema sp. &L 35-
BEIMEET, HRSNS W IEBFIN THD. LLEDZEMNS Dileptus anser DIEFER T-IZBE DDA OEBLL

THZFORBEOLRLT RESRXPEDERNVEE THLLEPHLNTH 7.
S2EHANMNYREORE
Tetrahymena pyriformis = &WMIFELIHEED
Dileptus anser OHIEFAEE ()& Tetrahymena
pyriformis BEOBFERR-1 ITRLZ. KERD
GLEE T, w CEEAE W TH D Tetrahymena
pyriformis O E OB A Monod HUZLDELLT
e EE, BE-MEHIVIIHE-REBYO
BEMBIEZO Monod RUZXVFHHATEE, Al
BHEAERADYEZOHAE THOIRAAMER | | |
AED BV TLRROBFREDLN.
Monod HiFLL FORIZL - TRENS. 0

0.8

0.6 [~

o (day™)

0.2

[N
B
e
oo
—
(=}
o

u:#m{KsiSJ (6) ﬁHéE%?EE(10"-cells~m1“)

TET, p =R K LE B E BE (day), K,=t8 ®-1 Dileptus anserDBREIILIETHEYBRENCEE
& %, S=f 4 % # B (cells'ml™)
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ThB. 4

5 (6) 50 L0 T PE L S8 1 D3 B2 10, | -
Lineweaver-Burk D7 1y N -2)I2k-» T, XKt 3 .-
fﬂﬁﬁ}igum\ CERILIEEE D 12 I0hdEE .-

REREPTTRIIERKERELL. TOR

B, 20°CITBWT, Tetrahymena pyriformis % &%
WELIZB & D Dileptus anser O p 1, #£0.71day™!, 1

K, 1% 65X 10%cells-ml™" Th-o7z.
3.3 Dileptus anser DIEBBAEKDOEH 0 ‘ ‘ ‘

Tetrahymena pyriformis O Y81 (K4 1.4 X 0
10%cells, Dileptus anser O HEE (A £7 20cells TE 1R AR (10 mlecells™)
SR&AT o7k &, Tetrahymena pyriformisi37.5 1
THAELRLEN, Z0OLED Dileptus anser DI K
8 (5T 640cells Thoto, Zhnh, ELMMEE 046 (day ) LEHEINL. 2 nbOHEEZRG)ICRATSE.
Dileptus anser 13— B HT-VIZIE R T 5 Tetrahymena pyriformis (X8 L7 110 HkE725. o7 —FEAWTRILL
TofE B, 110~150 [ EERREH AR LN, EHE 140 BEZAVDE, WTINbLEATER2EMRbho/. 1B
BZ Tetrahymena pyriformis DR EEH 0 LigDb&, THE KL N, D Dileptus anser =t H M#ERF T 5 DIC L%
Tetrahymena pyriformis DB ER Co 2 LA FORITID FET DI LN TE.

1/ 4 (day)
¥
N
\

[
<
‘N
o
<
[
o

-2 Dileptus anser®BFEIEIFTHEEDREOLE

w_q
Cy=140'N, & 7)
u
¥7-, Dileptus anser DE{CEER 1,
t= 0.693 (8)%
u

XY, Dileptus anser DMEALTBOIC1.5 BEEL, BLZ 210 BIED Tetrahymena pyriformis # L EETHZ L6

Wizl

4 BEDESR
MAEMBEEICHBEERIREREE L RIFL

TS, B-3 IEHEBRESEFE 15~40CIcE

IR =&&D Dileptus anser L Tl E FE & "

BE OB R % Arrhenius 7’y bL7Zb D THD. 1 o © \.\

B ED (15-30°C) 0BT, Arrhentus RASHE o ~®

DL 52U T, Dileptus anser O IZRIET § ® \\\
2 01 [ AN

BREQCEBEHRFLL.

Arrhenius ITLL F OIS REND.
logp =— AE +b (9) 0.01 ! ! J
2.303RT :
T, AE=EH{L= A — (kI moll), 3.1 32 33 34 3.5 36
R=% K EEHK J-mol*-K), T=HE X IR & (K),
b=7E . 1/T X 1000
Dileptus anser DILEREE (u)i, 15T -3 Dileptus anser DY FAETIRE DR E

ME30COHTIREEN LRI fM\/)\*’" (|
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ML, 30°CICRWNT 1.22d" FE K ERD, 3SSCUETERTFRAROAL. AMEREMERIS THDIED,
ISCUL FREWISTU ETREBEERIME TLLEELLND.

Arrhenius 7oy Mo BT AER OEEMSEELLZFAF —AEEZE H 35L&, 74.0kI mol ' Tho7z. 2D
Eix, TR ETCHELMICENTWARE ALY STetrahymena pyriformis @ 77.0k]-mol™', Forticella
microstoma @ 76.5kJ-mol”', Aspidisca costata ® 57.7kI mol" L E L THBEMNORREVILEHSL
&l ot Fh, 35T, A0CTHAEFEMNKRRBIN, BIBEMMETHLIZEN Doz, LinL, Tetrahymena
pyriformis ¥1 33CL LICRBEXBTBHEVIMANHYY, £ 35T, 40T BT Tetrahymena
pyriformis BB ENT, HADLIIRVERNIENL, BEOEAYBTFLELLE S, BEELICHEY,
Dileptus anser OE/E W IZE L TIZENRB SN,

3.5 Dileptus anser DIF A B I-B T2 HEM O REBEIIRIZFTEE

Dileptus anser OB A BBUCH TOE Y 7 AEBEICRETEEBLRAOHIITIIEEZHNWELT, Dileptus anser
EHARBIUEER RO BRIZRDODOCH PR, Dileptus anser B4, Colpidium sp B R ELE T ~7-.
£ 9 & UTiL Dileptus anser O LU FEE BE 238t [ A~ 7o Colpidium sp & AV Tz, R ER -4 (7L,

DOC A #i% Dileptus anser HiFi TR T 40.2%, JEHETER T 23.3% THY, Dileptus anser ZHEHE LT
FRFDRRELBLNDEIERMNESN, Dileptus anser BPTEET 2L HIE D DOC WD ER R L5809
CERBEBMIR T ZOERELT, T OIORBERTRIEND. (1) Dileptus anser 7% Colpidium sp Z &L
=728 Colpidium sp. 338 L, Colpidium sp. DBWIR THHME DML, MEIZDOCEEBEERTIDT,
BMU7=4 75 DOC AP LI, (2) Dileptus anser B8 Colpidium sp. %4t L7728 Colpidium sp. 738 b L,
Colpidium sp. DEWMIR THAMEARNIE L. T74b5 CE S 2F DAEAE S L. G AEOENE
2 Lot Dileptus anser DIEIEIC LV AL OM B TEME LM E vt &,

LEROREARIEL, BAEEICLE2ERY O MBERILOAD= X LEH LN THIENSBORFRETH
5.

. Dileptus anserfFl 3

2 g
g D Dileptus anser3EHEFE R - 5
= 40 15 o g 40 -
3 T Y g
5 £ 3 )
2 30 § E 30 5
< % s
= ; g 2
S f 110~ X 207 {10
Q = ~
~ = o =
= 10 ((é :ﬁ 10 1 >
-y & & e
= 3 Qg o
8 0 o 5 3_: 8 0 5 5
a ~ AQ =z
DOC  Dileptus anser ~ Colpidiunt sp. DOC  Dileptus anser ~ Colpidium sp.
OHH 6HH

[X-4 DOCHLEE, Dileptus anserts X URColpidium sp FDE AL
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4. FEH

AR LV T OZEMRTGMNIIE o7

L. Dileptus anser Vi B 1HE CHAD AW ICL > T AHE B T B0, T MA MO X LD AL
BEREA— R THIZENH RSN,

2. Dileptus anser I£ 20°CIZE W TR KRR 0.71day ' NELNA LRI LM T,

Dileptus anser 1L 20°CICIB T 1 HH7-0 Tetrahymena pyriformis % 140cells fifi 5L, 5L 4 5DIZ 1.5day %

EL, 210cells LETHDEBH AT,

4. Dileptus anser 12 30CICRW T E A H K&, 1.22day ™ ' THY, ZDEEDEM= AL F— (JE) X
74.0kI-mole™ Th-7z.

5. Colpidium sp $Z#£{E D DOC BV I Dileptus anser ¥ 7 T 40.2%, FEHEMAR T 23.3% THY, Dileptus
anser BFIETHEIERIED DOC BV ENA L35, ThbbEHY S RAEEIRILSNZZEBHLN -
7.

w

S F

AYFFNL, BRI EREEOEM LN ET EMADORERILICIIKREFEERITOHRIOLDOD
G ORI 52 ) DTS A BB ALAA TS M E OF Bt 5 ARERR L JBELL TITR LR O — e T LDy
DTHD. FHEMERIIBNTHE AW E R F RS RMTREEOFIESLEL LiFET.
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