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Characteristics of ciliate community in the cage fish culture farm of Liujiaxia
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Abstract; The ciliate community in the cage fish culture farm of Liujiaxia Reservoir was studied using live observation and
direct counting method from March 2006 to February 2007. A total of 77 species including four unnamed species were
identified, belonging to 3 classes, 11 orders, 34 families and 43 genera, Hypotrichida was the dominant group, whereas
Prostomatida was the subdominant and Heterotrichida the incidental group. Cyclidium versatile, C. oblongum, Cinetochilum
margaritaceum , Chilodonella uncinata and Glaucoma macrostoma were the dominant ciliates in spring, and Cyclidium
versatile, C. granulosum and Cinetochilum margaritaceum in summer, and Cyclidium granulosum and C. wversatile in
autumn, while no distinct dominant species occurred in winter. The annual species richness fluctuated in a unimodal curve
with the maximum value (52) in August and September and the minimum (18) in March, showing the seasonal succession
of summer > autumn > spring > winter. The annual ciliate abundance showed a trimodal curve with three peaks in April,
June and September, respectively. The valley value of ciliate abundance in May was mainly caused by the sudden drawdown
due to water diversion of Liujiaxia Reservoir. The seasonal succession of the abundance showed the similar pattern as that of

the species richness: summer > autumn > spring > winter. As concern the species diversity index, the maximum value
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occurred in August and the minimum in March. Correlation analysis indicated that the species richness was mostly
influenced by water temperature, and subsequently water transparency and pH value, while the amount of feed was the least
important factor. By contrast, the amount of feed was the most important factor regulating the abundance, with water

temperature and pH value in turn, while water transparency had the least influence.

Key Words: Liujiaxia Reservoir; the cage fish culture farm; characteristics of ciliate community

KPR A B AL BER EEBER, EMUEASY K AR MANREE R, R
KR B RHAD S A Sh P B R AR TR, BRI 3 1 AR 7 3 AR B B Z A B rh [A] 3615
WA, £ B BN K IREE 1 & A e R S RURR, AT E S B S FIDIBES BRI ok, T B R
SEFRE ST T VRN KR B B IR K R A i &

EA MR, X TXIRIBRK PEMFE T 3540 B B RHE B ST, AL XI 1645 2006 4550 H 5 2= (1 FHE
HIWBARE | (B4 R4 B MBS AR HE BT R MR RS IRE . Mk, 1EE T 2006 483 F % 2007 4E
2 [, PTG AE R B HBOE X X R WK FE G 7 341 B B T TR R GEBESE
1 HREH=E
1.1 HEXHELR

XK PR H R B KK BE , 2 T HIR A KE RSN, Jb4 35°45", AR&103°3, g4k 1900 ~ 2300
m, JKEETAR 130 km®, BAEFEZE 32 {2 m®, IEH/KAAT KR 31.6 m™) o DAKBIAT  WhiAT K% # 1) h EAZK IR
T E

WFFE 3t R AL T B AR FRAR 2 /K SR X oK FEM AR SR 37 (1B 1), R PR AR I75E, LA RN
%6, VAN 85 ( Oncorhynchus mykiss ) # f ( Carassius auratus) . #8 ( Cyprinus carpio) . [ & ( Hypophthalmichthys
molirix ) 550 FEFFFHFPAE, F7= &2 50000 kg,

1.2 FeHbigE
PEHCH A —ZH R4 (150 m x 12.5 m) , FERIFEN B3 5 SRR, 08 1 ~ VSRR (E 2),

] ki N
WFE D A

LEER T v :
- y
* il & 12.5m
A
% I
| < |
| > 150m <« |
B 1 RIRESR G 7E X F K R L B2 XIRBOK R A GLT B RR A AR R
Fig. 1 Situation of the cage fish culture farm in Liujiaxia Reservoir Fig. 2 Sampling sites of ciliates in the cage fish culture farm of

Liujiaxia Reservoir
1.3 BIRFAE
1.3.1 SFHHETHE
(DIRE  RZIEH -50 ~50°C HIREE T E 2 TE B HIRKA N, RAKEEPARHRETTE, B
REME, HFAGITFE,
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(2)pH{H FIE™ PHS-2C B HRREEHHIIE .

(3)ZEHE HERFEWE, FAFICFR
1.3.2 HERRE

(1) EMEREMAIRE i PFU(polyurethane foam unit) ¥E5REEKAE, SEH I PFU N T35 L4220 100
~150 pm, AR ERIER S. 5em x6. 5em x 7. 5em /N, 8 H A WIESFES/KE T 1. 5m 1 3m b 4%
= PFU Bk, 7d J54E PFU BUH 38 ASERHASF BISE0G 3, Hrii PFU HpiKeE, 7E BI0EE T 31T RS 5 I
1758

Q) ERHRIRE FHBERIRKSESFELKET 1. 5m il 3m 4REEGEEAKRE, BE)5H 1L 3 [5%
5 B EHEBUETE B T
1.3.3 EMAME R

(1) ZHERITE  TEEMEHTYMERE, XEWHRSE IS,

() EEWFT FEZETHHGEXT PFU fr 7K Ko B 2 AT T, THEET B 1l @ B IR E
IKTEE mo THEN, BKEERES), ARG RZE BWEWBUKFE, MR b, % BRI T 200 x fF T it
¥, BEEHAK PR MNMEE n, BB AL KFHAMEEE (nd./ L): N = n xm x1000", LK,
BAKEEREYLER Sml, FZFWE 3 W, BOFHE,

1.3.4  {RESHEFNE LR 5

X 458 B & RIS TT R AT G, KR B 2 1 H (order) 5E SCRIRESEHE, HYRBIRE
H) H B SRR HAERE, KB i B 2 SO AR, HAR H o E R
1.3.5 ZHMREOTE

ZAFERE O T RARYE Margalef ZHMEFEBA:

d =(S-1)/InN

R, d EREVERRER; S HFREEG N o MEEE. d AR/ NE YR SRR R 1
1.3.6 Sit=atr

AHSRME TR FHGE T34 SPSS 13.0,

2 ZR55H
2.1 AEREF

MR 1EH, KRMEZSHHEKR(2 ~23C, -8 ~25C), FHaHlES AH(23C) M7 A#H(25C)
B — KB RE ; pH (EJH4EZE IR/ (6. 64 ~7.88) , X FEREF FZUKMAKERK, TIIEM B ¥/ER, K
ABRGHERE ; BYERREK(1.90 ~5.35 m) , HARMEHIE2 A, R/MEHIET A

F1 NKREKEMBFEFREETF
Table 1 Environmental factors in the cage fish culture farm of Liujiaxia Reservoir
345 F Environmental factors

A

ot SH(C) il (C) pH EYIE (m)

Air temperature Water temperature pH value Transparence
3 6 2 7.63 4.68
4 12 5 7.43 3.51
5 16 9 7.14 2.60
6 20 17 7.06 1.95
7 25 19 6.89 1.90
8 24 23 6.64 3.05
9 20 21 7.27 2.50
10 18 12 7.41 3.70
11 13 12 7.49 5.10
12 2 6 7.88 5.20
1 -4 4 7.82 5.30
2 -8 3 7.67 5.35

http ://www. ecologica. cn



202 £ F ¥ W 29 %

2.2 SFBRYFEI A

IR 5 AFER 240 S PFU Bk, JLEERE S 77 Fh (45 4 SREAF) £F B, HoAmmExHE L
K2, \NUFHIREIS A, 8.9 H 2 MAMASFEYRHBERZHA G, 852 . 3 AW heFEy it
BB ALY, H 18 Fho BICATIL, MIFHIES A BRI TEN B 2R

R2 MRk EMBFEFTERUMSIH

Table 2 Distribution of species of ciliates in the cage fish culture farm of Liujiaxia Reservoir

3H 4H 5H 6H 7H 8H 9 A 10 H 11 H 12 H 1A 2 H

YR Species March April May June July August September October November December January February
JE#- 10 B8 Holophrya atra + + + + + + + +
B2 R R W Urotricha armatus + +

EAMRFEH Coleps hirtus + + + + + + + + + +

WK FARTTH Coleps elongatus + + + + + + +

BHIE R4 8 Prorodon ovum + .

REEK W) 8 Lacrymaria olor + +

R 1y Trachelophyllum sigmoides + + + + +

BRNE M Trachelophyllum chilense +

YL 8 Trachelophyllum pusillum + + + + + o+ + + + +
UEIE A} 1 B8 Enchelys pupa + +

145 BAAR} 11 MY Enchelys simplex + + "

PP [& 1 88 Trachelius ovum + + + + + +
INBAERA R . Didinium balbianii nanum +

2410 s J& —Rh Amphileptus sp. * + + + + + + +

Y5524 11 8 Amphileptus fusidens + + + + + +

Jo B 18 Bt Litonotus carinatus + + + + +

18T W Litonotus obtusus + + + + + + + + 4+ + 4+ + + + + +
RIE@Us o Litonotus cygnus + + + + + + + + " .
FrRIEE W Litonotus fasciola + + + + + + + + + +

Vi 18 e Litonotus lamella + + + + + + + + +
KGR E IR Cyrtolophosis mucicola + + + +
KABFR L Cyrtolophosis elongata + + +

{01 11 1l Nassula aurea + +

JKEE A 1, Leptopharynx sphagnetorum + + + +

KON 1 Leptopharynx eurystoma + e+ o+ + " ¥

LA /Nl 8, Microthorax viridis + + . . +
BAHE B Chilodonella caudata + + +

B 4EF W BHE By Chilodonella bavariensis +

falig &S . Chilodonella cucullus + + + + +

RIS 1 Chilodonella uncinata + o+ 4+ 4+ 4+ + + + + + + + + + ¥
e RIS 1 Chilodonella aplanata + o+ + o+ + + + + + +

B HIY W Colpidium campylum +
W P ot Tetrahymena rostrata + + + + + + + + + + + + + +
KB B 11 Glaucoma macrostoma ++ o+t o+ + o+ 4+ 4+ + +

INE B B Glaucoma scintillans + + + P + o+
SRl Ophryoglena atra + .

B2 g i Paramecium caudatum + + +

435 B W Paramecium bursaria + + + + + +
TE 5B W Paramecium trichium + + + + + + + + + + +

[U1 i B 17 B8 Frontonia depressa + + + + + + +
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EsS
yFh Species 3A 47 SH 68 7H 87 94 104 up 12 14 25
March April May June July August September October November December January February
4lifHE Bt Lembadion bullinum + + + . + + N
YEHA S . Lembadion lucens + + + o+ 4+ o+ + + + + +
ik R4, Cohnilembus fusiformis + + + + + +
B RMLE I Cinetochilum margaritaceum I R + 4+ + 4+ + + + + + +
SN, I M8 Pleuronema cornatum + + + + + + . +
T, 11 3 J& —Ffr Pleuronema sp. ¢ . +
FAFNEAR I, Cyclidium versatile FH++++ ++ + 4+ 4+t e+ + H e+ o+ + +
KBS Cyclidium oblongum + 4+ 4+ 4+ + 4+ + + + +
B A%, Cyclidium granulosum B e S S S R + + + +
B A% Cyclidium singulare + + + + + +
BEEEAS R Cyclydium muscicola + + + + +
S 8h i Vorticella picta + + +
144 Vorticella convallaria + + + +
RWEW W\ HL Stentor coeruleus +
KBk Bt Halteria grandinella + o+ 4+ o+ + + + o+ + o+ o+ ¥+ + +
Jig [l ¥ . Strobilidium gyrans + - 4 4 4 ‘4
FIER T s Strongylidium lanceolatum + +
[ £F Hs J@—F Strongylidium sp. ¢ + +
Lk B Urostyla viridis +
&SRB Keronopsis monilata + + + + +
Yy 425 1 Holosticha kessleri + + + + + + + + + +
2%42%)) Ht. Holosticha viridis + + +
FJE R Uroleptus caudatus + + + + +
JEZ5H 11 W, Gonostomum affine + +
4} B8 Oxytricha chlorelligera + + + + + +
th2:FE By Oxytricha fallax ++ o+ + + + + + o+ + + + -
IK#EIFE H Owytricha sphagni + +
FRAR 2 £ B8 Tachysoma pellionella + + + + + + + +
G DUk B2 M Stylonychia mytilus + + + + + + + + + +
HARBEE B Stylonychia notophore + + + + + + +
MG LT B8 Aspidisca dentata +
GIRIEEF W, Aspidisca lynceus + + + + + + + + + + +
A WVEETF s Aspidisca costata + + + +
& 174 b 3L Euplotes eurystomus + . + .
K74 b B8 Euplotes muscicola + + + + + + + + + + +
HEFEWH D HL Euplotes affinis + +
Wed b ds JB—Fh Euplotes sp. * + + "
FhB (R T7)
species numbers (total; 77) 18 35 43 45 47 52 52 35 37 35 23 20

® KREAF; +.+ +.+ + + A RAMXTIHK € Unnamed species; + .+ +. + + + Distribution and relative frequency

2.3 SFEBBIERHE
2.3.1 SFEBBHELH

EAERI 77 FheF B HIFRE T 3 .11 H.34 $1.43 & (K 3), HpzhE A 4 (Kinetofragminophorea )
31 fp, HEEEYF BB 40. 3% ; B JE 4N ( Oligohymenophorea ) 22 Fi, |5 28. 6% ; 22 i 44 ( Polyhymenopho-
rea)24 ff, 5 31.2% , ZEBSIKF L, TFH (Hypotrichida) 21 Ff, HSL-BHRYFEEM 27.3% , MEHEE
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Bt B7 O B (Prostomatida) 13 Ff, 5 16.9% , NIRCHEEEE, & WEHAFE: O H (Hymenostomatida) 11 Ffr,
5 EYFER 14.3% 5 JE4F H (Scuticociliatida)9 #, 5 11.7% ; ] 0 H ( Pleurostomatida)7 1, 59.1% ; &
A B ( Cyrtophorida)5 #f, 5 6.5% ; #0 H (Nassulida)4 1, 55.2% ; ¥ H (Colpodida) .2 T H ( Peritrichi-
da) #13£ % H ( Oligotrichida) 4% 2 Ff, 5 2.6% ., 5% H (Heterotrichida) HFEIWEHEE, RE 1 F1, YR EEH
1.3%

®3 MKk ERMBETEHTERFELEN

Table 3 Community structure of ciliates in the cage fish culture farm of Liujiaxia Reservoir

i1 ] ] » I Fif A
Phylum Class Order Family Genus Species Percentage (% )
#F %] Ciliophora W Fii I B Prostomatida 6 9 13 16.9
Kinetofragminophorea 11 B Pleurostomatida 2 2 7 9.1
¥%JE H Colpodida 1 1 2.6
% 11 H Nassulida 2 3 4 5.2
17 B Cyrtophorida 1 1 6.5
FENEA J£ 17 B Hymenostomatida 7 7 11 14.3
Oligohymenophorea J&4F B Scuticociliatida 4 4 11.7
% F H Peritrichida 1 1 2.6
ZEN 5% H Heterotrichida 1 1 1 1.3
polyhymenophorea £ H Oligotrichida 2 2 2 2.6
I % H Hypotrichida 7 12 21 27.3
3531 Total 3 11 34 43 77 100

TEHBBEANRALE, ~FESEMNZHEMEE (B AE) AR, H—ES5HH PFU R EA
Ko Fragte HBONE A BERHRERL, SO KIAHE W EER A R ERZME, NTAEFTTEELER
HERK S, FEF, PFU NTETAEAR Z4E25 E 451, T BN 2R, BEES BR8N
AR A, RBBRETE, BHMETE PFU REEMHUMLE P T ECRE S,
2.3.2 HFEHBLHEF

K tg HARXS IR B = R AE R SR, TR RIR 4, NMEBFRETIERE, HEBEER
( Cyclidium versatile) < [Bl 4% 1 ( Cyclidium oblongum) 2 ERLTE B ( Cinetochilum margaritaceum) 55 HFHE H
( Chilodonella uncinata) F1K OBt H B ( Glaucoma macrostoma ) "HHFZE(3.4.5 A1) BEEL TR, HASELS I
( Cyclidium versatile) JFUbi 4% H ( Cyclidium granulosum) #1322k Bt T 1 ( Cinetochilum margaritaceum ) i B 25
(6.7.8 Ay) BEEDL R ok 4% Bt ( Cyclidium granulosum ) 13575 fE4% i ( Cyclidium versatile) JjFkZ= (9,
10,11 A6y ) B idsh; £Z(12.1.2 A4) TH BAAEF

T4 NRIEKERBFEIGTERRER
Table 4 Dominant species of ciliates in the cage fish culture farm of Liujiaxia Reservoir
Z=%5 Season  fEFF Dominant species

FARMR A%t Cyclidium versatile; 1 [B i 4% Bt Cyclidium oblongum; ¥ ¥k Wt & i Cinetochilum margaritaceum; 44 H| 145
Chilodonella uncinata; K175k H 1 Glaucoma macrostoma

B 7 Summer FEAFFEAR U Cyclidium versatile ; KWL B Cinetochilum margaritaceum ; R EAS W Cyclidium granulosum ;
#kZ Autumn ORI EAR d1 Cyclidium granulosum; 3675 4% i1 Cyclidium versatile
&2 Winter  TGH B AR HFH

# 2 Spring

MIEHF KRG EF, JEE B (FAR AR BB R KBRS B BR) MRRZ,
Pace, Hecky BRI, IELFLHAEEFMA M G HRH>D o IR mIK R BCE A B, T H 4%
BRKIR TR TN, BRI . ERERR, BB REBERNEFNRE, KIEEFRKT
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B, BEREFECNEL B GBI R BRI IR EBHR) ; LFKELLTHAR, KRR, &%
TR i R B R 200kg J8 2 100ke, fIZ A B EITIEAE M, KIAEITRKF R TR, HIixFET
BB ALEF

MEEF K BHERE, AR TREZ(B 8Y) , REH TIRAGKEBE AR RRSR A, (540 F %K
BMHEFEE, EHEFT B RLBHWARKEE, BT, HEFMKHASURHHESEENRLR.
2.4 BRI E S

ME 3 ATV, GBRYMEHAF SIS 2RISR, 8.9 AMWsduRZ, ¥ 52 %, 3 Ah&k
A, B 18 Fio BRIEMIA KR AW R NE TR BN EERE, Finlay, Beaver th R HIAF £ B
V5 PR AR E SRR AN TR N, 8.9 A 2 A A B R IK IR AE— 4 K IR R AR R R Rk
LAEZH X K BRI A o X AT RER LT B MM BEZA s8] T 2F BRI ER . X, 3 AfhR—
KRR SO RN A G, YRR

MBI ShERE , HIUF R (65 i) >BhkF=(63 f) > HFFF(60 Fi) > X F (48 ), HFE
3MA(6.7.8 Af) FEKIEN 19.7C, £F3 A (12.1.2 AM) FHKiEA 4.3°C, 7050 —4H KR
BRI ZAY . AT, PR3 3h S SR MZ T A Z A7 7K BOR R AR A
2.5 HBHRFERBEZIE

EFEEMEA S AR EHNE RS, KRREREENESH T2~ Edekekkikd, &%
RFAESY ARG, FFREAESNYARKNREY, BFh TR R eERRmE T RESH YK
HK, RERSIR TR, R4S MECR X S8n, M3 ERKE"  Beaver %7E Francis i1 Holden 3
SR F M AE ST P W R I B AR AR I MBCR & H I — g™, R, ALK
LB F R AFSIENE 3 R 5 1 NF I BI7E 4 A4 (28980 ind. /L), 28 2 g H BLLE 6 A fh
(41400 ind. /L), 55 3 A~ BIAE 9 A 45 (32200 ind. /L) (B 4) o XREFN S AGRFERTS KPERK, K
PLTFE3 ~4 m, RIZKFFHFABRRRTAR, FERME, EHREAN3 ARnzl6 AMEZRA EFHHFRER
WBHGHIR, T 4 AHF6 AHPITIEE,
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B3 XUk P MR LT B R B A 4E 3h 4

Fig. 3 The annual dynamics of species numbers of ciliates in the cage

B4 XIZWoKPE PR L B B E KRR

Fig. 4 The annual dynamics of individual abundance of ciliates in the

fish culture farm of Liujiaxia Reservoir o .
cage fish culture farm of Liujiaxia Reservoir

BT, X PFU N T35 REBI WL B RFEFTIHEEI, PFU H 4 BUE B 5 A 4 sh 25 B DU
SPIEBRRERI(6 A Fiker(9 AHy) HBUEME (K S5) . X—ZR S/ ARIRERAY S, W3 A
HEl6 AmFEZEA T, BRRSHEER, X2ZE K PFU N THEFEA ZHs HEN, LR EEE
R A SE K ERKTRRERAE . WAERSFEEEMNZEFHE-FUNAT 5 AR ATHKERRLSE
T2 B Y A AR 3h 2 B DU R AR Ol = e R Y R AL

HFEREFRIHEHAFE R : (22540 ind. /L) > FkZ= (18400 ind. /L) > #FZ (16600 ind. /L) > %
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Z(5213 ind. /L) o XBHAENTF PRI ZT ShAR AR o
2.6 YIFPSREERREL

SRR BE R R T A A B S B R 28R B R R/, Wl R B T AR SR SRR )
hg . IWE 6 Filt, W SHEMEISBAENE N : 8 ABEKR(5.27); 3 ABE/N(2.01), ALK HL
RSB Y PR R, 8 Ay —4F rpuki s/ BURURDRHR S R i A 1y, izt IX [ K & e R Y
Ay, MFEiR%Z, AMZA G BREREREWRE T 2EREKF 3 AHR—FHKREMR BK
TRHE BN A Gy, VIFEUR D, SRS EEON £ FERIEKTF. TR, MIFBZH A G, AR
K, BIZHEMESEEOE ZHR B T 4 B SRR 2 AR AR E M o
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Fig. 5 The annual dynamics of individual abundance of ciliates in

B 6 XIZRUWK A RATF 0 2T B M AR BUN A 4E 35S

Fig. 6 The annual dynamics of diversity index of ciliates in the cage

PFU in th fish culture f; f Liujiaxia R i
1 The cage Aish cuffure famm of Linyia feservorr fish culture farm of Liujiaxia Reservoir

2.7 HERTFS5HEEWSEHIXR

2 SPSS13. 0 e itk K 4E PR 7 KR, pHAE, B#HE, BBUREE) MEE SRS (Y
B, FE)ENEAR, 17 0B MEMT, BHUTER:

YR B S 7KIR pH E 35 B BE RO R R R 22 IR AR S 1 R UKk R 0.892, - 0.790, - 0. 800 F1 0. 598,
AR EZY R G KIRER BEREMR(p <0.01), 5EHEER pH 2K BEM AR (p <0.01), 5
B R R 2 BE R IEAHSE (p <0.05) o AKIES BARMERBUWR/NAT R, X450 B0 0 5K i 2K IR,
WoRZ B pH {H, BBUREHE M R/ .

5 AR FE B 5K IR pH 8 5 B B KRR R R 22 1) A SR M R UK IR g 0. 497, - 0. 463,
-0.414F10.796, ZLERFRHAEE SKIRREBERNIEMRE(p <0.05), 5 pH {EHLEH 2B E K HAAHL(p
<0.05), 58mEE 2K BEMNIEMK(p <0.01) , KIES BRI R/NATH, XF 5 ADH AT
F KRB R, HUGR/KIRA pH E, 38R/,

3 &g

(D) XIRIKEMFETR I LB 77 A B, HhafE4 MRELM, FETIHN11 H34 5
43 &,

(2) & & sy Fh o A B B S A e I e B o

) M B RBEEWMTIRGE R RN, TEENRBSEE; 50 BE R EIEHE,; 8 DR ERE: K
AHJEGBMOBE E0E BOE. BEE SEEMEEH; REENBWNIH, HTHEESH KE RS
B B BRCE B BRIARNE AR OB H SO BRI SR B RAS d RS B BRI B R R Z
BETR AR s BURLARAS RN AR JRAS HURBK R IR E P ; XTI BARHE R

(4) FERYMHEWEFHB 2 RIER, 8.9 AMWMERE, B 52, 3 A&, HA 18 F; Y
BHZETIEN: EES>SBHES>EF>KF, FERFEENFAFIEE =GR, o5 HINEL A6 A
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MO Aty; FBRFERFNIHTNESE >HFE>FE>LF, FEIYMSHEREWFFEIDER: 8 A
iR, 3 At/

(5) MRME AR, TR E BIK R, 7KIR pH (8 B W BRSO AR B R M B RAERE
BFMEHNEERER T, Hrp, MM A5 ERYFHECEmR R KRKR, HIRESVEAM pH F,
B R R iR/ s X RIFE R 4 6 R B R R B R SO A R, HORRJKIR A pH{E, EHE
HIFEME /]
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