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Spatial and temporal variation in ciliate communities and relationships with

environmental conditions in the middle and upper reaches of the Lhasa River
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1 Laboratory of Wetland and Catchments Ecology in Tibetan Plateaw, Faculty of Natural Sciences, Tibet University, Lhasa 850000, China
2 Department of Chemistry and Environmental Sciences, Faculty of Natural Sciences, Tibet University, Lhasa 850000, China

Abstract; In order to explore the community structure of planktonic ciliates in the Tibetan plateau river of China and their
relationship with the environmental factors, investigation was carried out from August 2015 to November 2016 in the upper
and middle reaches of the Lhasa River. A total of 64 samples were collected from eight representative areas using 25#
standard plankton net. Species identification using live observation and fixed —staining method. As a result, 91 species of
ciliates were identified in this study: 49 species in summer, the order of species number in eight areas is as follows: S2<S4
<S8<S5<S1<S3=S57<S6; 64 species in autumn, the order is; S4<S3=S1=52=S5<S8<S6=S7. The abundance of ciliates
of each area was ranged from 1.2x10" ind/L to 5.6x10’ ind/L in summer, and from 1.2x10*ind/L to 2.6x10° ind/L in
autumn. There were 12 dominant species in summer and autumn, respectively, but the composition and distribution were
different, which revealed the spatial and temporal variation in ciliates in this basin. The community structure analysis
indicated that the ciliate community has a simple structure, low diversity, and uniform distribution. The structural analysis
of the nutritional function of ciliates showed that the abundance of B and S groups in summer was lower than that in autumn.
Correlation analysis suggested that total phosphorus and total nitrogen were main environmental factors which influenced the
diversity of summer ciliates; additionally, turbidity, NH,-N, and NO,-N were the main environmental factors influencing

autumn ciliates.
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Fig.1 Sampling sites in middle and upper reaches of the Lhasa River
S B, Site

1.5 Bdageit 5o
151 EHEksy

X B S B 45 PO R TT SR T S Hi B SR R B 2 9 3 25 ot e SRR3R K )
TR Z2 1) 73 2 BTCE SO IERE K B b 5% B D P 6 110 0 2R B0 SR DLZETE, ARy g i L
HRE
152 REESH

H Excel 7158 T Shannon-Wiener ZA£PEFE%L  Simpson JEHEJEFEEL  Pielou ¥J5]FEFEH; 1 SPSS 23.0 X £F
BHRRFRARHES G KRB 7547 T Pearson AHSCHE T 1T R BRPEXSET B IS W i 55 B35 IH 1 1A 7
T CCA BLEXTR 34T, MR 25 5 27 B B B A AT SR FAE T 32 B, MK McNaughton IR 352 248 Y =0.02 i
JERHF, FIRBFESEARXT .

(1) Shannon-Wiener ZFEPEFEEL. H =- z P, X InP(P;=N/N)

(2) Simpson EH LI S = D NN, - 1)/(N(N - 1))

(3) Pielou ¥I5] 4840 E = H/InN;

(4) McNaughton JE#JE 25 Y =f, x N/N
AN Sl — R A AR R N RS § RS ARG N R e £ s R R A
1.5.3 EFRIAEEE 4

P8 Pratt A1 Cairns FU705 KA BRI EED I 6 A EFINREREE  HEA AR (P B (BEE (A )
EHE—EEH (BB JEFRME(S ) MERE (R B . AREED B RS B 509 FLBIER, W R ok Fie 2

2 HR

2.1 KRR F
A BTG KR COD (NH,-N F1 NO,-N 7E P21 AAEAE b 22 55 A FRIL IR 77
MNETY AR EE S R 1,

http ; //www.ecologica.cn



39 &

poadg 1ore M ¢ ZTHEIULL S F ueSomy Bruowmy RV N-THN ¢ ueSontu oreniN B FFHY  N-FON fueSoniN [0, B N, fsnaoydsoyq [R10], 4 ¢ d, ¢ purwo(] uadAx()
[EoTWRY ) ¢ F W M0 ([O) ¢ ueBAX() peAfossI( kB4 0  AIUI[eS ‘ F( ¢ [BS fSI[RS PoA[ossI(] [R10], ¢ FEABATY P QL f Ananonpuo)) [eotnoery sy B F OO fANpIquIng, € ik Y01 emeredwo, 1ore A WL LA

€00=d 680=d  ¥10000=d PE000=d  100>d L0000=d  T00=d nsor
L=/ m.wmm B p1=/p L=/ Nwwwou.wum mmmwm mmw.mmm p1=/p p1=/p wmmOu.wum ﬁmouu:m p1=/p p1=/p uooadsug
oz =1 €10-=1  8r6SI§—=! 9L69°¢-=1  9STrp-=! Ov6y=1  €LT-=1 AR
S $20'0 Lz0 790 €00 %69 88" S6 6v1 0re 68 Ly 89°8 88
I $20'0 820 650 €00 88 v 696 Ls1 812 sl Ly vL8 s
Tl $20°0 920 650 00 899 ss 956 il 91z s v 18°8 98
mm 0 $20°0 LE0 $9°0 €00 78°9 6 766 pST L1e I 6 '8 s
u? S0 17€°0 Lr0 890 00 708 899 Lit s61 pLT vz L L£'8 7S
\ 0 pIE0 90 89'0 500 9L'8 w'L St w61 0Lz s'8C L 558 €8
e N pSE0 970 L0 €00 $0'8 s8'p 6v1 01z e L0 6 '8 s oy
# 80 1900 6570 580 w00 v8'8 102 ovl 0£T sz 8T z €88 IS %
€01 $20'0 €60 50 0 ars o1 ¢l 68 e €81 L1 szl 8€°8 88
€60 690°0 b0 pE'0 pE'0 9¢°8 916 8L 611 1°681 69 911 85°8 s
STl $€0°0 $€0 70 70 88, 586 6LL 611 1°L91 €T s '8 95
£8°0 2600 750 PS50 P§0 s P16 598 1€l s8I o o1l 158 s
€l 8800 620 770 770 ¢ €66 789 901 1671 an 6 pI's 7S
o1 €900 €60 €70 €70 s 6 689 901 9'6v1 9L 66 1’8 €8
JgExIH 9500 6£°0 850 850 96°8 oLL 98 il 9OpLI Lo sl v'8 s sowumg
€ 6v0°0 S€0 $70 S0 %8 pe6 L0t €91 62 €56 i 85°8 IS %A
s/u ("1/8w) (1/3w) /Su /8 /3 /3w /B /u
A\va /NTHN /NFON S\za v S\& v A\qoo% S\om v S%m v Awmﬁv \wMWmMWT SWM,WE M@» mm“é song  suoseog
ETRI ¥ LAt B Wy FELSYN B ATF AT - o ) H N

$10J0B] [BJUSWIUOIIAUD JO omﬁhw\;\ E@H&ww.mﬁﬂm
JIATY eseyT 9y} Jo soydeax saddn pue J[pprur ul SI0)oeJ [BJUSWUOIIAUY | Iqe],

FENEECEW BT hlT 1%

//www.ecologica.cn

http



9 i Wik A5 LB P L i KT B R I s AR Bl S H S PR O & 5

2.2 FEESSH S AR R
221 BEELH

i Lif e BB AR o1 Fh, B 49 M RIET 34911 H 19826 J&, Hrp a0 H A
PERRE(22.45%) ;M1 H (14.29% ) JEH H (14.29% ) FUE£F H (14.28% ) IR HIERE; 52T H (2.04%)
IR LA N WAHE AR ST R /N B AR £ S2<S4<S8<S5<S1<S3=57<S6,, £ 41
FHEAE 1.2x10°—5.6x10°4~/L Z[0], e S8 HE A, Bl S4 HE iRk 64 Pl BkZE 64 Bl SRIB T340 14 H
24 B 31 )&, Horp miH H (15.63% ) MR H (15.63% ) AL HERE S E H (10.94% ) R HERE, R EH
(1.56% ) A WLAHE; HA N5 WEHE & HE s 27 B A BT /NI AR IR R £ S4<S3=S1 =52 =S5<S8<S6 =
S7. SHEEFEELE 1.2x10°—2.6x10°4/L Z (8], F B i i AR U2 S8, ki S2 5S4, B ER AW
£F B YR ECS R R LA R A R R AR, B I R RS 2257 (£ 2)
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Table 2 Taxonomic composition of ciliates in middle and upper reaches of the Lhasa River

4 H B i i FEL/ %
Class Order Family Genus Species Ratio of species
K7 Summer LN JELH WeER} 1 2 4.09
Oligohymenophorea AR 1 5 10.20
e H Pa R 2 2 4.09
BEH R 2 2 4.09
Hif AR} 1 1 2.04
R 1 2 4.08
%EH L2 1 2 4.08
Z IR TEH WA R 1 3 6.12
Polyhymenophora L5 R 1 1 2.04
5EH SRR 1 1 2.04
IR HOH R 1 2 4.08
Kinetofragminophora A H SRR 2 2 4.08
PHEARE| AR 2 3 6.12
i A H AR 3 7 14.29
Bareft 1 2 4.08
BEFR 1 2 4.08
e A EAaRp R 2 5 10.20
e 1 2 4.08
iz A R 1 3 6.12
it 3 11 19 26 49 100.00
FKZ Autumn SERELY JEEH [t 1 1 1.56
Oligohymenophorea FATERL 1 1 1.56
FRELFR} 1 1 1.56
e B iy ss 2 3 4.69
[Z3EE S 2 2 3.13
A R 1 3 4.69
IR 1 2 3.13
%EH PR 1 7 10.93
Z I TEH e A PR 1 1 1.56
Polyhymenophora 255} 2 3 4.69
%EH Peids Bt 1 1 1.56
SRR 1 1 1.56
REH 2= MR 1 1 1.56
B Fiskilk H CEsa 1 1 1.56
Kinetofragminophora EIH ISR 1 4 6.25
wEH fi 5 Rk 1 2 3.13
il H AHOFE 2 5 7.81
B AR 3 6 9.38
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£ H B & il Tl il %
Class Order Family Genus Species Ratio of species
MaseFl 1 4 6.25
A e mpa 2 6 9.38
wOH AN e 1 1 1.56
AL 1 1 1.56
R 1 2 3.13
BIEH BIEE 1 5 7.81
eyt 3 14 24 31 64 100.00
222 fFHFh

5 KRR R R 12 B (BRSPS S A AN TR, e Rk i 2278 R0 HUR R 28 B B
HOEPAS Z275 HAG P P 2215 b S4 R S DL 3 BE M A% 51 (0.745) , S5 A s A A 383 39 (H 71K (0.302)
B HEEIE (0.34) B TR (0.18) (£ 3)

®3 HEADEFFEREEH

Table 3 Dominant species of ciliates in middle and upper reaches of the Lhasa River

Jpe
Serial?m:mber ?pjries St 52 53 54 53 56 S7 S8
K Z& Summer
X1 Bk S L Hemiophrys pleurosigma 0.06 0.02
X2 FUE DUBR B Tetrahymena pyriformis 0.09
X3 YRIE WG 65 B8 Sathrophilus oviformis 0.09
X4 WA E W Urotricha armata Kahl 0.04 0.11 0.27 0.05 0.04 0.03 0.04
X5 FETN R B Furgasonia protectissima 0.28 0.08 0.04 0.27
X6 KBk Halteria grandinella 0.14
X7 K PHER K 1L Sphaerophrya soliformis 0.04 0.03 0.05 0.04 0.03 0.04 0.03
X8 LA B Plagiocampa mutabilis 0.03
X9 AT ugiy Enchelys variabilis Svec 0.03 0.03 0.19
X10 I B Colpoda penardi 0.03 0.08 0.2 0.03 0.02
X11 & ¥ 0 HL Holophrya atra Svec 0.06
X12 &5 2 W45 . Podophrya fixa 0.06 0.03
#Z Autumn
Q1 B 18 Litonotus carinatus Stokes 0.13
Q2 B G IE L Colpidium colpoda 0.03 0.03 0.02
Q3 YRKATFEH Coleps elongatus 0.07
Q4 A BN S Microthorax pusillus Engelmann 0.17
Q5 KIEI e A Litonotus cygnus 0.04
Q6 KBk Halteria grandinella 0.04
Q7 27RO W Enchelys variabilis Svec 0.06
7N B
08 irja::ziflr:lniultimicmnucleatum 0-06
Q9 2NN B Enchelys mutans 0.04
Q10 R B IR Colpoda penardi 0.04 0.04 0.25 0.04 0.02 0.03
Q11 B HANE W Chilodonella algivora Kahl 0.14
Q12 LI Colpoda similans 0.13 0.07

YIRS D B TR AR
2.3 BHERHIESEL

Fr B o L 3iE 2% Shannon Z2AEPEFEEL S6 FE 5 fe i, S4 5l ; FKZEMY Shannon ZAEPEFEEL ST FE S B,
S4 oAl ; BAR R 2% Shannon ZFEPEFEE(1.97) W& 5 TR ZE (1.86) (H W E M2 % (1=0.6632,df=14,P =
0.52) , X7 Pielou ¥J2) BEHEEL S2 FF 551, S8 5efiK; Bk ZE Pielou Y2 BEFE AL S4 feiy, S3 eIk, SR A2
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WHFEEAEE (0.81), TR FEZER (U=32.5,P=1) ; 7 Simpson fL # FEFE 4L S4 HE 5 ey, S2 B fif; Bk
Simpson L EHE L S3 Femr, S4 He Ak, BRI 2T B9 BME AR (0.22) , TR EMEZE S (1=0.12329,df = 14,
P=0.9038) (% 4),

R4 HEAh RS EREESESY

Table 4 Structural parameters of ciliate communities in middle and upper reaches of the Lhasa River

B IR S 5#‘@?‘5’3&(H) f’x‘]fﬂfﬁ?‘éﬁl(lf) f]ﬁﬁ“fﬁ?‘éﬁ(S)
Sites Species Abundance Sh.ann().n—v'Vlener Plel()l'l evenness Sln’lpSOI.I dominance
diversity index index index
K7 Summer
S1 13 48000 2.04 0.8 0.23
S2 8 24000 2.08 1 0.11
S3 14 108000 2.03 0.77 0.2
S4 9 12000 1.61 0.73 0.33
S5 11 144000 1.84 0.77 0.27
S6 17 120000 2.37 0.84 0.17
S7 14 288000 2.13 0.81 0.21
S8 10 564000 1.69 0.73 0.26
2 Autum
S1 11 24000 1.84 0.77 0.27
S2 11 12000 1.84 0.77 0.27
S3 9 84000 1.61 0.73 0.33
S4 3 12000 1.1 1 0.03
S5 11 60000 1.84 0.77 0.27
S6 17 36000 2.24 0.79 0.17
S7 17 192000 2.4 0.85 0.17
S8 13 264000 2.04 0.8 0.23

2.4 EHFEIIeLHR

BIRUIBEEEA oM i . B S ZEBEAT P A RBEAE A S e — e 25 5% . B2 B.S 2K5HF
FhEH(22) Pt i SR AR L 5] (44.90% ) W S s T P LA 258 (20.41%) s #kZE B S ZEREMZEE(26) (94
FhEC L) (40.63% ) B S T P LA KB (18.75%) (K 2.3)

1.2 127

OR H BS J PA O R & BS 1 PA
Wre MmO 1.0 miEn
=]
g 08¢ 2 087
k5] =
° 0.6 + :2 0.6 I
= =
2 04 5
B & 04
= B
02
02
0 " " " " " " " )
S1 52 83 S4 83 6 87 S8 0 S1 S2 S3 S4 S5 S6 S7 S8
1Y Sites HE 5 Sites
B2 AFASLRREREAREYELHEED B3 R LSS R AR R ENED
Fig. 2 Variation in functional-trophic structure of ciliate Fig. 3  Variation in functional-trophic structure of ciliate
communities in middle and upper reaches of the Lhasa River communities in middle and upper reaches of the Lhasa River in
in summer autumn

POCAEEH#H, Photosynthetic autotrophs; A ; TR, Algivores; B
-1 JH # |, Bactivores-detrivores; S Ji 351, Saprotrophs ; R ; Fod|
# , Predalors
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i 3 47 T HERE S KR BRI FAE Pearson SURBAHSCHESIHT AT . B 25 | 4F & HUBRTE Pielou 5] 1R
S K A B 3 A OC (P<0.05) 47 B A A S B A B A 2 B DG (P <0.05) s Bk 3= 4F B 1
PIFPECRIREZS Shannon ZAEMERE SRS M G A FIE R 46 2022 i & A OC (P <0.05) , 5 pH &2 i 3 IEAH ¢
(P<0.05)(£5),
2.6 CCA Z5350Hr

R T A BRI R AT S ST IR R A B O R A SO R 5 I S R A
BRALSEAR, 2 DX P21 AL SR SR PR 4T T CCA 43#r, 25 /R . SR Al B SR 5 i L 247 B il
PEAFh B SRR 5 KRR D B AL E U R ZR 21 B AR S i SCs IR 7 (181 4 5)

1.5 10 @ o3 Qﬁ_}; 0

0.5
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5 BT CCAFEAMAFETR LFNEFERFERSNRE
HFZEEXER

Fig. 5 CCA analysis: showing relationships between ciliate

El4 BT CCARESMAuFETF ELHRESHFEARESRE
EFZ EHX &R

Fig.4 CCA analysis: showing relationships between ciliate . . . .
community structure and environment factors in middle and

community structure and environment factors in middle and . .
upper reaches of the Lhasa River in autumn

upper reaches of the Lhasa River in summer

3 e

3.1 JKIRIALEH T

AR SCHRLEAT b RS 21 1Y F2 B KRB AL K 4T 40 B7 , I S IR 3R K P45 T B AR 1 GB 3838—
2002) 43 B A5t SRR VR B BB A B Ml 3R K PR BE T AR I O LI Bk K T RAF Jd T T —1 28
K FEE R B b i AL R B, N DA, b R C R R R E Tl XK BB A TR AR
U SR IR WA S RS DA SR T T  PMR A AR BUR A SR BB BOR I ) 5 S, (47 57 Tl A
A I v SRR AR A B T A S PR R T R v R TR A R
32 RPN FE

BT AR R A R B T 8 AMRE AR, RIS 3 40 ) M D L =y v b 30 SRR R Y A 4T B e
GRS B b2 SR KR AR, LS ) 91 RhEF Bl Hoh 49 ML TR 2=, 64 Rl L TRk S, B2
AR RN 1.2x10°—5.6x10°4~/L, BEAFE R FBETE 1.2x10°—2.6x10°4/L Z ], I H A 5 i P R 4L
SRR, U RLEH T R KRR SR 2 S R — e 25 . X T BR R
Ji P AN i 2t R R 8 G, RIVRE BT J& TV AT IAE , A0 % F AR AR (7K A 21 6 Bl By 1 FE AR IR IR T
AOAEAE , BEAE 2 A SR K TR R S BT B M M2 22 33 15 W B B A i JHC A 3t DX % 7K BT 3 21 5 1R Y
IR TR — 3 H S HA AR A KB AR S S5 AT 2 940 Big=iel b i 0 W RO IR T Y
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