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Community structure of ciliates and its relationship to environmental
physicochemical variables in upstream of Hanjiang River
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Abstract: [Objective] Ciliates community structure was investigated at the upstream of Hanjiang Riv-
er to provide basic data for environmental protection and aquaculture. [Method]) In 2013, water samples
were collected every two months from five different stations in Hanzhong including Liejinba, Liangxidu,
Nanliudu, Mengjiadu and Huangjinxia. Community structure of ciliates and its relationship to environmen-
tal variables were analyzed using number of species,abundance, Margalef index and Saprobic index. [Re-

sult] A total of 98 ciliates species (including six unnamed species) were identified, belonging to three clas-
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ses, twelve orders, thirty-nine families and forty-five genera. Among the species identified, Hypotrichida
and Prostomatida were the dominant groups.followed by Hymenostomatida and Scuticociliatida. The num-
bers of species in Nanliudu, Mengjiadu, Huangjinxia, Liangxidu and Liejinba sampling sites were 45,43,47,
41,and 35,respectively. Huangjinxia had the most abundant species. Dominant species were Coleps hirtus ,
Litonotus obtusus , Chilodonella uncinata , Chilodonella algivora , Cinetochilum margaritaceum , Cyclidium
oblongum , Stentor coeruleus ,Oxyticha chlorelligera and Aspidisca costata. Annual changes of ciliate abun-
dance ranged from 20 493 to 85 872 L', Margalef index ranged from 3. 73 to 4. 66, and Saprobic index
ranged from 1. 38 to 1. 73. Correlation analysis revealed that species number was significantly positive cor-
related with ammonia concentration,and abundance was significantly positive correlated with ammonia con-
centration,nitrate concentration,and biochemical oxygen demand. Saprobic index was significantly positive
correlated with ammonia concentration,nitrate concentration,chemical oxygen demand and biochemical ox-
ygen demand, while significantly negative correlated with dissolved oxygen. [Conclusion] The water quality
changed as “clean—slight pollution—moderate pollution—slight pollution” from the source to downstream

of Hanjiang River. Ammonium nitrogen had the most important influence on ciliate community,followed by

nitrate nitrogen,biochemical oxygen demand,chemical oxygen demand,and dissolved oxygen.

Key words: the upstream of Hanjiang River;ciliates;community structure;environmental physicochem-

ical variables
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Table 1 Physicochemical factors at the upstream of Hanjiang River
KA A K/ C NH; -N/ NO; -N/ CODer/ DO/ BOD;s /
Sampling site Water temperature pH (mg (mg+ L 1) (mg e« L 1) (mg e+ L1 (mg+L 1)
Z 41 Liejinba 19.0 6.0 0. 566 1.422 4. 20 8.51 1.47
VP Liangxidu 22.0 6.5 0. 941 1. 691 9.04 6.07 2. 36
FMI % Nanliudu 17.5 6.5 1. 289 1. 961 13. 14 5.71 3.87
52 % ¥ Mengjiadu 17.0 6.5 1. 269 2.098 10.71 5.63 5.49
# 4k Huangjinxia 19.0 6.0 1.120 1. 581 8.03 6. 89 4.16
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CELHE 6 >R E 44 A, Horh 3 36 R 49 (Kinetofrag-
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£l 78 JiE B (Litonotus obtusus) £ Fl] #+ 4 B (Chil-
odonella uncinata) . & % # & B (Chilodonella al-
givora) . ¥ B W B B (Cinetochilum margaritace-
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Table 2 Species distribution of ciliates at the upstream of Hanjiang River

MX} = Relative abundance 75 A e R By IRy i3
Sifﬁﬁs ﬁlj%i)rl g@ﬁ{}g Iqéﬁg”[g %%JQ g.{ﬁ—;ﬂgg 4 Szltprobic Functional
Liejinba Liangxidu Nanliudu Mengjiadu  Huangjinxia index groups
R 8 Holophrya atra + + 2.0% B
TR0 8 Holophrya simplex + 2.0* B
KB s Plagiocampa longis —+ + 2.0~3.0" B*
LA Plagiocampa matabilis + -+ ++ 1.0~2.0 AR
4B E W Urotricha armatus + + + 2.0~3.0 A
LR (O[5 1L Prorodon virides + + 3.0 A,B
Y I R %S B Prorodon ovum + + 1.0~ B*
EARFE R Coleps hirtus + +++ +++ ++ ++ 1.0~2.0 A.R
PR M7 . Coleps bicuspis + + + + + 1.0~2.0 AR
KIEK W Lacrymaria olor -+ + 4.0 R
Z 2B W Enchelys variabilis + + 4.0 B
faj Bl 11 1 Enchelys simplex + + 3.0~4.0 B
PR T 0 Spathidium scal priforme + + 1.0~2.0 R*
J1 0 dJg—Fh Spathidium sp. + + 1.0~2.0 R
& 0t Trachelophyllum sigmoides ++ + 2.0~3.0" B
B M Trachelophyllum pusillum + 2.0~3.0* B
BRI Trachelophyllum chilense + 2.0~3.0* B
BB 1 Trachelius ovum + + 2.0~3.0" R
ORI Dileptus amphileptoides -+ + 1.0 AR
FEW KT Dileptus americanus + 1o+ AR
INBLERHE T B Didinium balbianii nanum + 2.0~3.0 R
YiEZL 1 Amphileptus fusidens + 2.0 B*
BRI Amphileptus meleagris ++ 3.0 R
MR 24 O Amphileptus pectinata ++ 2.0~3.0 R
T 18 e B Litonotus carinatus + ++ + 3.0 R
418 Y7 . Litonotus obtusus ++ +++ +++ ++ ++ 3.0 R
KRG iF H Litonotus cygnus + + + 3.0 R




%13 X W L 45 PUYT B P 2T 36 MR v 54 B 5 PR AL IR T 19 6 & 135

& 2(8) Continued table 2
o FXF = Relative abundance V5 A F8 B Uit B
St AEH RME W ®FE  H&b  Saprobic  Functional
Liejinba Liangxidu Nanliudu Mengjiadu  Huangjinxia index groups
Bk U5 . Litonotus fasciola + ++ 3.0 R
% K ¥ B Col poda inflata —+ 2.0 ALB
WH BB H® Colopda steini + 2.0% A.B
B g —Fh Colopda sp. + + 2.0% A,B
K& d1 Cyrtolophosis elongata + 3.0 B*
44 O H Nassula aurea -+ + 3.0" A
KO HEWE . Leptopharynx eurystoma + + + 2.0~3.0 B
JK EETENA Bt Le ptopharynx s phagni + 2.0~3.0 B
VR PL/NB B Microthorax simulans + + 2.0~3.0" A
g/ Nk B Microthorax viridis + + 2.0~3.0" A
AV B Chilodonella caudata + 2.0~3.0 A
[ 4 ) 145 L Chilodonella bavariensis + + 2.0~3.0 A
e &L45 B Chilodonella cucullus ++ ++ 2.0~3.0 A
R &S B Chilodonella uncinata ++ + ++ +++ + 2.0~3.0 A
1R B Chilodonella algivora +++ +++ +++ +++ ++ 2.0~3.0 A
I8 #14% dt Chilodonella capucina -+ —++ 2.0~3.0 A,B
AEGERHE 1 Chilodonella aplanata -+ 2.0~3.0 A
[ % R WA . Podophrya fiza + 1.0~2.0 A
KBHERWL A B Sphaerophrya soli formis + + 1.0~2.0 A
K BEH B Glaucoma macrostoma -+ -+ 2.0% A,B
INBE H H Glaucoma scintillans ++ ++ 2.0" B*
LG d Colpidium campylum + 3.0~4.0 B
B b Ophryoglena atra —+ —++ 2.0 R*
R K Paramecium caudatum + 2.0~4.0 B
L5 @ . Paramecium bursaria + + 2.0 B,P
KNZ R B Paramecium Aurelia + + + 2.0~3.0 B
U7 @ §i 1 B Frontonia depressa + —+ 1.0~2.0 A,R
B & W@ —Fh Frontonia sp. + 1.0~2.0 AR
B FHE B Lembadion bullinum + + 3.0% B*
Yk R £F 1 Cohnilembus fusiformis +++ 3.0% B
PR 1 Cinetochilum margaritaceum ++ ++ +++ +++ ++ 3.0 B
LR T B Pleuronema cornatum ++ -+ ++ + 2.0~3.0" B
FARPEAS I Cyclidium versatile + + + + 3.0 B
B EEF A d1 Cyclidium muscicola + 3.0 B
KB 4% bt Cyclidium oblongum ++ + -+ +++ -+ -+ ++ 3.0° B
Wk 4%t Cyclidium granulosum ++ 3.0% B
4% JB —Fh Cyclidium sp. + 3.0% B
HRIKEAS ML Cyclidium glaucoma ++ +++ 3.0% B
S Vorticella picta ++ -+ 2.0~3.0% B
Wb 8 Vorticella convallaria + 2.0~3.0 A.B
/N80 B Vorticella microstoma ++ ++ 3.0~4.0 A,B
Wik #h B Vorticella mayeri + ++ 4 2.0 B
PR B 45 B Zoothamnium arbuscula + 3.0 B
KiEM W Stentor coeruleus ++ ++ ++ ++ +++ 3.0 AR
Z MW\ H Stentor polymorphrus + 3.0 AR
JNJE O Spirostomum minus ++ —+ 2.0~3.0 B
KBk Halteria grandinella ++ +++ 2.0 B*
#k dUE —Fh Halteria sp. + + 2.0 B*
JE Il %5 i Strobilidium gyrans + 1.0 B
[ B2 5 B Strobilidium velox -+ + Lo B
F IR F 1 Strongylidium lanceolatum ++ + 2.0~3.0 A,B
[68] £F dt J& —Fb Strongylidium sp. + + 2.0~3.0 A,B
4k B A L Urostyla viridis + ++ 2.0 A,B
JE95 2 . Uroleptus candatus ++ ++ 2.0~3.0 B
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& 2(8) Continued table 2
Wyl FXFF B Relative abundance @q;*tﬂ:‘%( JjJﬁEj’iﬁ¥
Species AEU RWE @B %FE  K4b  Serobic  Functional

Liejinba Liangxidu Nanliudu Mengjiadu  Huangjinxia index groups

25k 45 B Holosticha kessleri -+ -+ + -+ + -+ 2.0 A,B

2k 4% i Holosticha viridis + 4+ 4 2.0 A

SEM B Keronopsis monilata + 2.0~3.0 A,B

5 10 U@ — P Gonostomum sp. + + + 3.0 B

2822 E . Oxyticha chlorelligera ++ ++ +++ +++ ++ 2.0~3.0" ALB

J&EER B W Oxyticha saprobia + + + 2.0~3.0" A.B

thaeFE d Oxyticha fallax -+ -+ 2.0~3.0" A.B

TR B A Opisthotricha euglenivora + + 3.0 B

J5 BB —Fh Opisthotricha sp. ++ 3.0 B*

R &2 4F Bt Tachysoma pellionella + 2.0~3.0 A.B

IR T Histriculus similis + 3.0~4.0" B

I D B B Stylonychia mytilus + 3.0% A,B.,R

TR Bt Stylonychia notophora ++ 3.0 A,B

A MHEELF B Aspidisca costata + -+ +++ +++ + 4+ +++ 2.0 B

R HELT B Aspidisca dentata —+ -+ -+ ++ 2.0 B*

& O F N B Euplotes eurystomus ++ + +++ 2.0 R

SN AL Euplotes af finis ++ + + 2.0 B

41t Total 35 41 45 43 47

T b SRR T R BT T WL I A i B AR A3 7 100~999 AS/LL A 70 10~99 /L,

TR 1~9 A/L, x HRHEE .

Note: + .+ +,and + -+ + denote relative abundance according to the occurrence frequency of each species in optical microscope:“+++7”

means 100—999 /L.“+-+"” means 10—99 /L.and “+” means 1—9 /L. * means approximate value.
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Table 3 Community structure of ciliates at the upstream of Hanjiang River
I ] H B JB AL AL B/ %
Phylum Class Order Family Genera Species Dominance
T F H Prostomatida 7 10 21 21.43
il 1 H Pleurostomatida 2 2 7 7.14
e | ¥ J% H Colpodida 2 2 4 4.08
Kinetofragminophorea 4% ] [| Nassulida 3 3 5 5.10
& H Cyrtophorida 1 1 7 7.14
FE1] % %% 1t H Suctorida 2 2 2 2.04
Ciliophora ] JE 10 H Hymenostomatida 6 6 10 10. 20
SN 4 T /
. J& 4 H Scuticociliatida 4 4 9 9.18
Oligohymenophorea
2 £ H Peritrichida 2 2 5 5.10
% B H Heterotrichida 1 2 3 3.08
L TR e ‘
Polyhymenophorea 2 E H Oligotrichida 2 2 4 4,08
=& H Hypotrichida 7 9 21 21.43
411 Total 3 12 39 45 98 100. 00

2.3 WILBEAERFEMSHMEIELY

DUT Er e BB 2 . K
2 R, AR Z UYL LA B O 20 493~
85 872 A~/ L. A EJE N 53 561 A4/, Hrp 1 Ay
PR/ (20 493 A/ L) RIFBEHTE K7 Ay F
KB ER R (85 872 A/ L) Z Ja B i T e, AENET
TR ZHEIERECY 3. 73~4. 66, H 1 Ay i

NS AR K 5 AL I A — 3,
L LA ERTERBMEFINAE LS
A DU B K AR £5 SR A A B iy 5 4
FEHRoM 1. 38~1. 73, Hi A /NE B M FI 4 (1. 38) <
AU (1. 57)<TZRPGIE (1. 59) <R M (1. 64)<<5%
FPE.73), HHE Pratt 255 {07 s X DU EiE 5
A RFE T LT B BB SR RE B AT 0 b7 . 25 R %
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Fig. 2 Annual variation of ciliates abundance and diversity at the upstream of Hanjiang River
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Table 4 Correlation analysis between physicochemical factors and structural parameters of

ciliate community at the upstream of Hanjiang River

ot g 2 K
s S
. R 20 Water pH NH; -N NO; -N CODer DO BODs
Structural paramete
temperature
PP E Species number —0.262 0.238 0.874* 0. 489 0.701 —0.680 0. 750
F & Abundance —0.750 0.536 0.901* 0.917" 0.781 —0. 756 0.952**
ZFEMETE L Diversity index 0. 456 —0.426 0.026 —0. 485 —0.090 0.103 —0. 140
V5 £ $8 41 Saprobic index —0.349 0.763 0.923* 0.924~ 0. 860" —0.955"~ 0.869"

E: x RIRTE P=0.05 KF ERAH M CRMD 5 « » RIRTE P=0.

01 7K F b A & CRRLD

Note: * Correlation is significant at the P=0. 05 level (1-tailed); * * Correlation is significant at the P=0. 01 level (1-tailed).
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Table 5 Comprehensive evaluation of water quality at the upstream of Hanjiang River
LRIEEE N LUER iR 3 A SR P
Evaluation index Liejinba Liangxidu Nanliudu Mengjiadu Huangjinxia
ZFEPETE B0 Margalef diversity B-ms Os f-ms a-ms Os
75 438 %4 Saprobic index Os B-ms B-ms o-ms B-ms
P A KBEILH] PA groups percentage Os f-ms f-ms a-ms Os
NHi -N i # ¥ Ammonia nitrogen content 1 m v I\ N
i Al
BOD; Biochemical oxygen demand Better Better 1 1T 1
than [[ -class than [[ -class

2545 1FH Comprehensive evaluation Os B-ms B-ms a-ms B-ms
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£ 5 T2, I HXTEF B -UAE R AR,

14 ik

D BUL RS e g £l 98 F, @ T 3
412 H 39 BL45 J@ (FL4E 6 ok A M) Kzl
F 40 (Kinetofragminophorea) fx £ , % X 44 ( Oligo-
hymenophorea) IR Z , Z N & /b,

2) PO LU AR AR & & i) = B oy 20 493 ~
85 872 4~/L.Asfb aH L g R .1 H i i /.7 H

i

Uy B R DL FFP S AR SE L (Coleps hirtus) 4l 18 JiF
Wt (Litonotus obtusus) . £ B # & W (Chilodonella
uncinata) EBERME B (Chilodonella algivora) %
PR £ 1 (Cinetochilum margaritaceum ) I |5 fR 48
B (Cyclidium oblongum ) . K W W W\ # (Stentor co-
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