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( Armophorida) ' JE H (Colpodida) ."75 H ( Philaslasterida) .44 H ( Chlamydodontida ) W 4 H ( Succorida) , 3% 5 16.23% , #2
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Characteristics of soil ciliate community in wetland of the Nianchu River Basin,

Tibet, China

ZHU Shiying, WANG Zhuangzhuang, HUANG Qian, HE Kai, LI Tian Shun, PU Bu”
Plateaw Zoology Laboratory, Department of Life Sciences, Tibet University, Lasa 850000, China

Abstract: In order to study the characteristics of soil ciliate community and influencing factors in wetland of the Nianchu
River Basin, Tibet, China. In May, August and October of 2020, i.e spring summer and autumn three seasons, 75 soil
samples from five plots were selected based on the distribution of wetland in the Nianchu River Basin, A total of 154 species
of soil ciliates, belonging to 70 genera, 43 families, 19 orders and 9 classes, were identified by “ non-flooded petri dish
method ” and “in vivo observation method”. The results showed that Prorodontida (11.69% ) was the dominant group,
Haptorida ( 11. 04%) was the subdominant group, and rare taxa were FEuplotidae, Armophorida, Colpodida,
Philaslasterida, Chlamydodontida and Succorida, accounting for 16.23% of the total. There was no significant difference in
soil ciliate diversity index between the three seasons ( P>0.05) in wetland, and the diversity index of the SD4 was the
highest among the five plots. The soil ciliates( C/P(0.35) <1), indicating that the soil environment in wetland was not
polluted. The similarity of soil ciliate communities ranged from extremely dissimilar to moderately dissimilar, showed that
species had great differences in different sites. Soil water content (SWC) , soil temperature (ST) and available potassium

(RAK) were the main factors affecting soil ciliate community distribution.

Key Words: the Nianchu River Basin; wetland; soil ciliate; diversity; the physical and chemical factors
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T HOEMi M AE S RGN RN E IRy 2 R RIS YR AL T A A A IR A S R G h Bl b R
BRERKES RGN NG A LSRG, AE LY M Bk 2 B 1265 Bt 3R P
J5he F SRR A, AR SR I e A T T+ R B R R TR W i R A s e
B Rz 8 A TR AR - EORE | A SBAL K RS SR TE IR R TR K R 0y S R A S Y, R
HAMEEZ (KBRUN JEEZHE 2P A0 S5 Re 5, OF HRERE X S ARS8 i VIS A HR et 107, PRI kg Xof
THES RS A B EEMIEREMY . BN ERT T R HELF B R B ITAE R T 4 AR B VR R AE A
TEAZARR T 2 FEXH IR BOA B R BHAMRA MR T 13545 6 ORI w9, 45 R iR © R A
L AR B 5 1 AR O B AR RE =2 B £ AT B R o A A A 25 0 X R AR AR [
ARHIIY 3T B A AT TS, B IRIAR b N AR 38 27 B st SRR MR B s 1 5 I e Ak
HOR A B U Fb + 1 B 28 4 & Ltk AT TR A E A, K BAE b E G % B AT A IR L ( Cytohymena
citrina ) IPWIEIE ST B ( Vermioxytericha arenicola) TN fik BAUMEAE 8L ( Gastrostylides dorsiciratus)'®

VG R AL 5 80 o D PG R R, PR R R A M R B 2 T R R A v R A S AR G 2 A O R IR
A ZREPERCIR . 0T R IELT T s T 5 E VG Ak DXl AN D0 A | L 5 A5 AN]R8 1l DX Ry 6 10 i 1
T AR T S - AT R AR RS 0 R DRI AR S A TS R AR R
AP NV K BT 7 Lk 3RV R 2 0N S5 D TR EE AR (R e A 2 AR
g torlass , — BB RSP FRFIP R BT, AR S 20 A RS A5 A A T Y Sl b %o~ 245 A DR A7 7
e AR S I B AN AT 2R E T . R LT 5 R PR X T PR 1) e/ N A8 A A RO #1375 4 AR -
BBAL R 7R AR ) PR HCAS SRR AR 4 24 T 3t 338 93 A7 R AIE , e BB T 5 4> SR 3 b Rl A [i] 215 - 4 2F
T HBERHETT R A | B AR AT AR T I 30 b+ T & O A AL S B9 2540, iz i 3k A ) 2
PESR LRI 7 GBI Ry R 47 AR AE T i S i A 25 R 56, (e e i Sl 00 b A 25 R e i e v e K e 4R (LR
FARIE

1 RSB AR T E

1.1 T ISR AL

SRS E MG AT T A R SR AR R AR S, PR A f A, ALY 111 30km” , 384 45k
PEEAEILES 28°10'—29°20" AR £4: 88°35'—90° 15 Z [i] , ¥l i 4= 4 217km , LA ] 3t 15 b A VA PRI o 3217
o SR 2 T 5 DX B B AN I, T R T TR, A B S A LR g oo SR AR AIE | 12 M DX AT S 38 K o
N 365mm , 57 M IE FIK I B IR R K oA o0 AN E 20220 8 DL A A VS B ( Kobresia tibetica) AER
e (Pedicularis longiflora) 75 % 52 55 ( Carex moorcrofiii) kWK ZE B 2% ( Potentilla anserina) %5 . 1235 W3
YA IR RES ( Tadorna ferruginea) BEKME (Anser indicus) 35 BEKVPHY ( Mergus merganser) 35
1.2 Wk

R AT A AT R o A R e, DARE ) BE 2 Ol 2% S BT A AR SRR T 1 vy R A R B b
B SD1.SD2 .SD3 .SD4 F1 SD5 (&l 1) . 435I7E 2020 4E 5 A (F) 8 H(E) M 10 A (Fk) =AEi#4T T =1k
KA TERF AL (20mx20m) | ] GPS(BIS . MAP 63lesx | 5 : FHFAEIAMT AV A BEA FR AN 7)) 10 IR &
LA | R AL TS SRR B LA RE T (20emx20em ), BRANFE T A 3R G (15 . XTY0087 ) il 5E 1 3%
FRIZWREE (ST) Pk T BRI Y G R IR A4 R 0—10em 158 T 4F (29 4000g) , 23845 75 (5x5%
3)AEER . K RARLF I RE S B S I SC 0 %, FE 2R R 40 PR B T, B AR 55 (B 1k s AR IR Y R
IR S SR SR A ) TR B AL (AR (30 d 240D .
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Fig.1 Schematic diagram of sampling area in wetland of the Nianchu River Basin
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K, 0 FR YR ZREERREL, n, NES | SREMARE, N OB, S TR SRR
142 C/P &K

FIEA T XRE CETEN) YRR I LF B k XK E (BN SET WL X)) PR B e R
tt{E B AR - HELF B i — A TR RO A R B T IR /P (E A K/ NRES A — e FE BT b e i A

BIES 2 C/P<1 B RARZ B A B IR BE AT AT 24 C/P>1 B, RAEIZ T 8 855 P I IR B 4

jﬂ&%% s
1.43 HARPEREEOTE

FH Jaccard AHARUTE A8 B0 545 b 1 HE LT B BUBETE R AR AR R

J=c¢/(a+b-c)

K, e FORWIANEST R IE PIFEL, o 1 b TR EIRERL R4 AR E, MRS $rE 0—0.25 Z17]
TR, 7 0.25—0.5 Z A FRoR AR HIL; 7E 0.5—0.75 Z Al R R 4EAAL; 76 0.75—1 Z [l 3
IR ARL
1.4.4 BHasH 50

£ Excel 2019 HE T8 414, SPSS 21.0 Xf + 84T & d 5 30855 7 Z [ A7 B PR 38 0 22 0
(One-way ANOVA) , 47 Duncan £ A, 12 ] R 4.0.5 118 2648 BORAH U MR R Origin
2019b YEE ; H Canoco 4.5 for Windows X #)Fh FIFAE A 7147 DCA 1 CCA 4347,

2 HREHSH

2.1 AERETR A BN b 1 AT ORI A

ARRETT I S A A B R A IREF R R 154 BB T 9 49,19 H 43 B 70 JE (3 1), H
PN H (Prorodontida) , Hi1 18 Fi, S AR 11.69% ; #1144 H ( Haptorida ) IR G #SHE, It 17
i, o5 SRR 11.04% ; FEULEHE R iEA b 2L B (Euplotidae) JHZF H ( Armophorida) | & JE H ( Colpodida) | ¥
75 H ( Philaslasterida) , 4% H ( Chlamydodontida ) F1# 48 H ( Philaslasterida) , 1 25 #, i S 401916.23%
SD1.SD2 .SD3 Fil SD4 ¥  H17E & 44 ( Spirotrichea ) £F & M 3 B fe iy , HR A ZE R 24 ( Oligohymenophorea ) ; SD5
FEHLH BT 49 ( Colpodea ) 21 H 3= BE B i, HOR MTE B 49 ( Spirotrichea) , & 2,

x1 RIS M+ T E R BT A5
Table 1 Community structure of soil ciliates in wetland of the Nianchu River Basin

] H # J& i et
Class Order Family Genus Species Percentage/ %

KFRFILN Karyorelictea JE T H Protostomztida M H Bl Trachelocercea 1 1 0.65%

54} Loxodidae 1 2 1.30%

FE Y Heterotrichea 3 H Hererotrichida W} Stentoridae 1 1 0.65%

i B A} Blepharismidae 1 2 1.30%

2 1%} Condylostomidae 1 1 0.65%

Jie & BBk Spirostomidae 1 2 1.30%

Jie B4 Spirotrichea #TE H Sporadotrichia REF} Oxytrichidae 6 13 8.44%

28k Strombidiidae 1 1 0.65%

FABEAL Halteriidae 1 1 0.65%

B} Trachelophyllidae 1 1 0.65%

A H Urostylida FEHE A} Urostylidae 4 9 5.84%

¥ EL Strobilidiidae 1 2 1.30%

HEE H Sporadotrichida FAEEl Keronidae 1 1 0.65%

i & 1B Spirofilidae 2 3 1.95%

7N B Euplotidae We A~ BB} Euplotidae 1 4 2.60%

JE4F B Scuticociliatidae HEEFEL Aspidiscidae 1 1 0.65%

LR 44 Armophorea L H Armophorida H13L B} Metopidake 1 2 1.30%
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Class Order Family Genus Species Percentage/ %
41044 Litostomatea il 7 H Pleurostomatida Z4IRE Amphileptidae 4 9 5.84%

1% B Litonotidae 1 3 1.95%

$i#49 H Haptorida 7110 B &} Spathidiidae 1 6 3.90%

[5] 17 #1%} Bilamellophrya 1 5 3.25%

B HE} Trachelophyllidae 3 5 3.25%

KW P} Lacrymariidae 1 1 0.65%

B IZ 4 Colpodea '¥I% H Colpodida B IEH} Colpodidae 1 7 4.55%
I H Cyrtolophosidida AP} Cyrtolophosidae 1 4 2.60%

RO Platyophryidae 1 1 0.65%

T 40 Prostomatea % B Prorodontida T BB Prorodontidae 3 8 5.19%
FHREL Plagiocampidae 2 3 1.95%

B4Rl Actinoobolinidae 1 1 0.65%

R0 HUB} Holophyryidae 1 3 1.95%

[ FT#} Frontoniidae 1 1 0.65%

FiEF} Didiniidae 2 2 1.30%

FEMELM Oligohymenophorea 87 H Hymenostomatida PUBEA} Tetrahymenidea 4 5 3.25%
5 B R} Glaucomidae 2 6 3.90%

% H Sessilida B Rl Vorticellidae 1 12 7.79%

3 HB} Opercularia 1 3 1.95%

WIER} Scyphidiidae 1 1 0.65%

LT H Pleuronematida [/ g Cyclidiidae 3 8 5.19%

BELF Rl Cohnilemebidae 1 1 0.65%

#HL Bl Loxocephalidae 1 1 0.65%

75 H Philaslasterida e H1 8} Cinetochilidae 1 2 1.30%

M ZM Phyllopharyngea %% B Chlamydodontida #HERL Chilodonellidae 2 5 3.25%
W45 H Succorida JEW B} Podophryidae 3 4 2.60%

MHAERRY M EEZH A RIAERERYABORZH A, I R A —Fhi H

2.2 AR f AT I 4 AT B R A
Xof AT U I b, - T B U 22 R AR SR R R T B R R T 25 0 W, S R R A SRR MR B (H)
(df=2,F=0.653,P=0.538) , 5] EFE B (E) (df=2, [ Spirotrichea
F=1.878,P=0.195) , (R#ESEH(C) (df=2,F=1.263, R
P=0.318) , =210 [ ¥ 6 10 5 4 25 57 WU R () B L
(df=2,F=4.264 ,P=0.023) 7E =15 0] BA B #H1E 25
SD4 R ) ZREVEFS A 5 S FEHLH B, SD1,SD4 £
& Z RIS (H E . C) R B SRR > B 00
SD2 . SD5 FEHuIY ZAE TR (E . C) ¥ H B> > Hk
Z%;SD3 K HL R 2B 2 M5 B0 5 s Margalef 5 15
/R SD2.SD3  SDS Bl A Bk Z fix i 5 A 4 HR AL
R SD2 Fl SD4 # b [A] A7 22 F M, ZFE P48 B R
SD4 5 SD2 SD3 ##ih [6] 45 2= S %k, 5] BE 4R BUR & SDI
JEFEEUARE M) YA 22 5 A7 2 0 i ol 10 M - Mg 7 ; = = = = o0
B C/P(0.35) <1, AR ] 3 3ol 160, - 498 PR 455 K Fi 4 b Percentsge/%
Zi54s, LK 3—e6,
2.3 AT A B YR Jaccard AHRIPE
AR [A] I 4 e 27 B R VR A L R BT
0.13—0.21 Z[a], J& T A AL 2 SR ALz 1] 5 B

1 Karyorelictea
|: Heterotrichea
[ ] Colpodea

[ ] Armophorea

SD5

SD4

SD3

FE 5 Sites

SD2

B2 SRRt EEh T EAERFE
Fig.2 Soil ciliate abundance of various wetland sites in NianChu

River Basin, China
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FAUNE REGERFIY 0.16—0.37 , J& TACAFIRIE] o 2 AR L2 18] 5 BR AR I R ECH 0.13—0.26, J& THA
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Fig.3 Community dominance index of ciliates in wetland of the

B4 SEAREIEMTIEFERBIERY

Fig.4 Evenness index of ciliates in wetland of the Nianchu River
Nianchu River Basin

Basin
ab: RIH) /NG FREARFAR [ 9 1 K
5 15 E#z EZar N #z 7 % 295 BN#s
E l a a
Za0f ® p 2 L or i, b
2 e 1L kd7 o o 5 b '
£ 25 *fﬁ ?J% % b E3 L é b%
§ v b A b To ] bé% b .
0 H D og4 L b
z S BN N b %
£ L5t iy ;[7
§ 1.0 H gﬁ Sl
g =
g 0.5 H =
7 1H
0 U 7 % 4 /4.
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5 FEMREEM T IEFER SRR

Fig.5 Diversity index of ciliates in wetland of the Nianchu

E6 SFFEMmEiEMTIRIERASHMEFEEIRL
Fig.6 Margalef index of soil ciliates in wetland of the Nianchu

River Basin
River Basin

F2 FERATEIEM A E RAME

Table 2 Similarity of soil ciliate community in wetland of the Nianchu River Basin

e # 7 Spring X 7 Summer BZE Autumn

Site SD1 SD2 SD3 SDh4 SD1 SD2 SD3 SDh4 SD1 SD2 SD3 SD4
SD2 0.19 0.2 0.2

SD3 0.21 0.2 0.3 0.37 0.2 0.2

SD4 0.17 0.1 0.16 0.3 0.29 0.28 0.2 0.3 0.26

SD5 0.17 0.2 0.16 0.17 0.2 0.16 0.22 0.2 0.2 0.1 0.23 0.25
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oA A 0T 3 35 A 0 e b R A T SR S A T e B
SD2 il SD3 B 5 N—3 SR A1 SD1 B h—2 H% !
A1 SD4 B N—2  feJ5 A1 SD5 W oh—35, BiBH SDS K
Hi A B HURE VR A 02 ) S PR e R, RO SD4 A
Hi, Hod SD2 F1 SD3 AR b 1) £F B HURE 7 41 8 A 18
PERRRE B
2.4 AFHEIT I IR 4 AP T

VI b, - 498 P o A Ak 255 ) - 4 2F R Y 4 A
T, ZHERREY, BER T EP R = A
], 3RS (SWC) (df=2,F=0.150,P=0.863) A% | . |
BE(AP) (df=2,F=2.768,P=0.103) 2% (TN) (df=2, 0 500 1000 1500
F=0,P=1) FHEEE (ST) (df=2, F=0.647,P = HIXTEER Distance
0.541) pH(df=2,F=0.438, P =0.656) Fil + 3L 4 HLIF 7 AEARRDSLREELRES T
(SOM) (df=2,F=0.137 ,P=0.873) K A5 SR Fig.7 Cluster analysis of soil ciliates in wetland of the Nianchu
M (RAK) (df=2,F=4.916,P=0.028) FL.A i %
MR, ZFE A (Duncan) 45 3 W7~ , - FE 40 [A] 1)
BB (SWC) AR (AP) FIEEEN (RAK) A I35 25 5 (P>0.05) , HoAth HLAk P 7 35 H A S [R) R B ) 22
St Horb SD1 B4 A (TN) AR (AP) GEAS (RAK) M A HLBE (SOM) & £ 1 B 5 T HA RE b ; SD5 Kl
A (TN) FIAGHLTE (SOM ) 75 f 5416 ; SD3 A R4 (AP ) HALHT (RAK) & E A%,

F3 ERETRER T R

Table 3 Soil physical and chemical properties in wetland of The Nianchu River basin

FEHE Sites

River Basin

L Az R #1031 4 2R AR AL AL
Site ST/°C SWC/ % pH TN(mg/kg) AP (mg/kg) RAK(mg/kg) SOM ( g/kg)
SD1 8.48+2.52b 46.18+1.68a 6.97+0.061c¢ 8260.00+453.69a 4.73+3.09a 141.33+28.87a 174.00+19.5a
SD2 14.1+1.90ab 40.83+1.93a 7.41+0.083b 2460.00+106.93b 1.4+0.41a 76.67+5.67a 35.13+9.11b
SD3 17.24+1.90ab 38.8+0.66a 7.41+£0.079b 1205.67+288.96¢ 1.1+0.23a 75.43+9.60a 28.63+2.64b
SDh4 11.65+2.80b 37.45+0.53a 7.36+£0.017b 1333.33+147.46¢ 1.83£1.09a 92.00£29.40a 29.57+3.98b
SD5 21.99+3.61a 25.22+7.17a 7.67+0.053a 546.67+101.94b 1.17+0.20a 110.67+44.02a 11.29+4.10b

ST H 4R JE soil temperature; SWC; ¥ J¥ soil water content; TN: 4= % total nitrogen; AP : /4 %% available phosphorus; RAK:; # AL £ rapidly
available potassium; SOM ; A LI soil organic matter;ab : A [ /NG FEAR R A R AY 2.3 7K

2.5 AEFEWIRISEH IR B S HEE R TR
2.5.1 BN AT R SN TR

B APFEW I LT BT DCA WIS e £, R IHE T il 4 R F 3, ] LAl e 80 5 2% 1
SAFREE AT IR (ST) IR (SWC) |, B (RAK) #-4T CCA 43T, I FH 52454008 07 v xo i e 2 i ok
T RS 45 on (181 8) 4l 1 Rl 2 JL[RIARRE T AR 51 60.15% , U BA%H 1 Al 2 REfS 7R R KRR
JE b R B A T S R AT BB SR N T2 A SE R, fRER SWC TR K ERK, R SWC
Xt T HEE AR AL AR R, B SD1 SD2 #0525 503K SWC BYFT Sk B B 5lt , DA SWC X% B Hi (4 52 i %
K REH SD5 $5% 5 5028 ST 0557 Sk B B ST, BRI ST NHZAR% i 1 52 0 5 ; BE M SD3 SD4 #4052 5 510 %
RAK 1177 3k B B8 fcdlt , Ui RAK XHZAE ML 52 W e K, SWC 5 Cop . Kem ,Coi ¥ 2 fAHC K HR,ST . RAK 5
Cop .Kem ,Coi 252 IEMIZESEE , VLM SWC ST RAK 2 5 i 75 Z5 45 4 ] Y 3o 10 0 4 398 J5 A6 S 6 9% 23 A 1Y
2.5.2 EZAEREN T 4 AT B RS PN TR R

T e B A A T s - AT B AT DCA R E R, & BHE R Sl KT 3, T LA R g A
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Fig.8 Canonical correspondence analysis between soil ciliates and environmental factors in spring wetland of the Nianchu River Basin

Pln; /NI W Plaiyophyrya nana;Tep: 54K VU 1 Tetrahymena priformis ; Ster ; #18 £F . Strongylidium crassum ; Sao : ¥ 18 W& J& Bt Sathrophilus
ovatus ; Coi s [ & 1. Colpoda inflata; Kem: & 2k i & Bt Keronopsis monilata; Saov: B) JE W8 & Bt Sathrophilus oviformis; Acr: 58 55 5} £F Ht
Actinobolina radians ; Oca; #2542 E W, Oxytricha caudens ; Cha; AEWERME 1L Chilodonella aplanata ; Gof : I 3558 11 HL Gonostomum a ffina; Eup ; FE4R
iEf b AL Euplotes patella; Coca: % I AL Colpidium campylum ; Dic: E K FH Dileptus cygnus; Veo: 8%h B Vorticella convallaria; Lav: i JE A W) i
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Fig.9 Canonical correspondence analysis between soil ciliates and environmental factors in summer wetland of the Nianchu River Basin
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Fig.10 Canonical correspondence analysis between soil ciliates and environmental factors in autumn wetland of the Nianchu River Basin
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