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Seasonal and vertical distribution of protozoa community structure in Basom-

tso Lake
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1 Institute of Fisheries Science, Tibet Academy of Agricultural and Animal Husbandry Sciences, Lhasa 850000, China

2 Laboratory of Wetland and Catchments Ecology in Tibetan Plateaw, Faculty of Natural Sciences, Tibet University, Lhasa 850000, China

Abstract: In order to reveal the structural characteristics and vertical distribution patterns of the protozoan community in
lakes on the Tibet Plateau in China, a survey was conducted in the center of Basom-tso lake in November 2017, May and
September 2018. Sample sites were collected at 7 different dephths of water using the 25# plankton net by a combination of
in vivo observation and fixed staining, 195 species(86 species in spring, 93 species in summer and 80 species in autumn )
were identified, which belongs to 2 phyla, 11 classes, 24 orders, 43 families, 59 genera. The dominant species were found
to be the phylum sarcophagus and the sand shell ciliates. The composition of vertical distribution species and the structure of
complex community were shown as: surface layer>middle layer>bottom layer. The species diversity, richness and dominance
index were shown as: surface layer>middle layer>bottom layer and the uniformity index was mostly 1. The composition of
seasonal distribution species and the structure of complex community were shown as: summer>spring>autumn.The species
diversity and richness index were shown as:summer>autumn>spring, the dominance index was shown as: summer>autumn>
spring, and the evenness index was shown as; autumn>spring>summer. The dominant species and community structure will
decrease with the increase of water depth. The servey had revealed an obvious temporal and spatial heterogeneity with low

species diversity and high uniformity.
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1.1 FEXHENL

ELRARE G 57 T JE PRI i R S i R T 19 55 4 7 (93°55739.95" E, 30°01706.04" N) |, Ay £ jik A1 V1. 52 Ui Je
PEIZK 22 TP R s Lk | HE S 2 — V4K 3460 m, AT AR 26 km? (4 13 km, TE2Y 2 km, Fe KR 167
m) ,FEIIVREZY 100 m, KIS, 0 40E T B , 25 A o s A0 WK 3, vk IR G . i T2 3 e
JEE TR I SR A B ], WA T AE DX OB B T v DR 2 Y e e KU, 23 AR, TR TR, AF TERE I 175 d,
ARSI 6.3°C AR K i 646 mm , 4F H BREF%L 2016 57" 38930 B 76 IX 38 1L b B vk )1 VE A0, 323k
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TRASHR VA2 AR i L5 Rk HSTE DA | i L o o) S5 R e Y 5 52 B R A 1 G Il o R L A
K- LLRRAR IV g L A 1 g ) i K ST o M LR AR 35 R hy 80.09% %
1.2 HESRE
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60 m A1 100 m 3 7 BRI, IR BIRIKIK ] B1—B7 KKk 2 RERKEE(E 1),
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JE A= ShIRE SRR AL IR EERE il (4 SR A AN A P E 2 HA TR 1470 B3 RO AR 5 9k k4712, KBEA QCC 15
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Fig.1 Sampling site (B) of Basom-tso lake

IKAETCHHES YY) > 2 R Lynn(2008,2017) 532K R G743
1.5 Hskb s ot

K H Gleason-Margalef =& FE#5 %0 (d) .Shannon-Wiener Z2FEPEFEH( H) A1 Simpson L EFEE(S) 45
B RS

IDES- RS=(V.xn)/(VXV,)

2) Gleason-Margalef =& FEF5%K . d =(N,~1)/In(N) ;

3) Shannon-Wiener ZFEPEFE%L . H = =% P, xInP, (P,=N/N);
4) Pielou ¥5) EHE 5K . E=H/In(Ns) ;

5) Simpson L EFEEL . S =3N,(N,-1)/(N(N-1);

6) Mcnaughton £t #5254 Y = f,xN,/N;

7) Jaccard I 2B J=c/a+b-c;

A, RS S 1 LKA A S i B (/L) 5 VAR 4 IS AR ER (mL) sn 3RO B G BT 3145 (1 1
B 5V RERARAREL (1 L) 5 VoRITPEEE SRR (1 mL) 5N R [Rl—HE s AR BB N RS @ M AR %L
Ns FPIFIECF 05 @ R BLAR ;a0 b 0018 o HURT b HAOFNISEL ¢ T a b WIHLILA MRIE >,

JE A S PR A R AR NS = BE K MeNaughton R ¥=0.02 I E AL HRD, BETE 450 AR
FH Excel iTEMZAE A R 1ESF #4750 5787 PCA Fl Pearson FHIC 204 ; # I F ArcGIS 12.0 Hil4E .

2 ZBREHM

2.1 A s YRR SR
2.1.1 A SRR 2 A

AR AL S B A s 195 Rl () ,RIB T2 11 11 4924 H43 BH59 /., HhHZFAa 86 f(JE) , R
T 20171049 22 H 42 BL 57 J& ; LH R AR SEHE F BRI b 5E B 5 1 31.40%, R56 H 51X
16.28% , B (W) W H 5 1.16% , HAT A H WERE (A 51.19% ) s EZH 93 i (J@) ,RIE T 2118421 H
30 Bt 53 J& s R HIERE IR HASHE FE I BHR YOI 5E H 7 ek 32.26% , 2898 H i 16 11.83% , B () % B
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Fig.2 Schematic diagram of protozoan community structure of Basom-tso lake

2.1.2 ARl

M5 McNaughton fLHE 2 KL Y =0.02 BiE LR TR, I R 44 B9 B =607 BINRh 4 09 =07 7R AL
SR T AR , AT 9 A ILSr T ST B AR 55.56% M 15 44.449%  HE 441 = L L3S
PR U UIE: " FHE AR B 1L ( Ceratium hirundinella ) (FHRIREL AL ( Coxliella declivis ) F2¥-2% & 7¢ W ( Tintinnidium
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semiciliatum) , B2 13 Fh, Horp P #E L 5 92.31%, £F B 7.69% ; BT =000 34 0 8 DR IR B i 1
( Cercomonas ovatus) %78 /Nl & ML ( Mastigella commutans ) F1YPTE BT B ( Monosiga ovata) . FKZEIEAT 5 Fifr|
H2F Ly 60%, A #IE Lt 40% 5 Hi = 057 00 39 T O 1R K 7 576 BU ( Tintinnidium fluviatile ) | 35 5 1
( Pyxidicula operculata ) FI7INJiE F1 HL ( Spirostomum minus) , Rk HEFh T2 NS FELF B R B BRI E YT
FEO AR, A FECRIE S E TR KRB MKy > > f 2, B I IR A 28 22 e LR 1,

*1 ERBEEFVREBUMSHR
Table 1 Dominant species of protozoan at Basom-tso lake

F A

Season Dominant species

TR AR EHE B Ceratium hirundinella ( B1) ¥ 255 72 B Tintinnidium semiciliatum ( B3 . BS) | & 58 [B 7% 4t

# 2 Spring Cyclopyxis arcelloides( B3 \B4) BRIE WS 7 8L Difflugia globulosa ( B6) 1% W2 & 8L Cochliopodium bilimbosum
(9 Fh) (B3.B4) . /NNAE 7 W Tintinnidium pusillum ( B3) | ##k B2 80 WU Coxliella declivis ( B6 . B7) | A fil # 45 H

Tintinnidium corniger( B4) FEFRAUE W Tintinnidium corylicarpa(B4) , A1 9 Fh, L E K 0.34

I B Phyllomitus undulans(B1) | fegith i Chlorogonium elegans(B2) | A 78 % 5 B Bodo variabilis
(B5) TR FE R Astrodisculus radians (B5) . B 2 BAL 43 i Monosiga ovata(B3) | UNIE B % B Cercomonas

H 2 Summer ovatus(B1) J/NIEW) B Clawtriavia parva ( BS) | 5 78 /IN#E B0 Mastigella commutans ( B1) | 3% 7K & 55 H

(13 F) Tintinnidium fluviatile( B6) | JT [CBR AR JE B Acanthamoeba catellanii ( BS) | #E iy 2% 25 1 B Saccamoeba limax
(B5) BRIEWFE W Difflugia globulosa(B5) Z%#i 77 B Cucurbitella mespiliformis( B7) ;&1 13 F, Hh R
0.41

IRKFEGFE W Tintinnidium fluviatile (B1, B6) | % 3 {5 5 . Tintinnidium ephemeridum ( B4, B6) | 5 JFi 5T HL

= Al vr - L. .
?;i)ummn Pyxidicula operculata(B1 .B4) /i€ H B spirostomum minus (B7) | [RIFEAL4E B Tintinnidium cylindrata (B4) ,
A5 R R 0.23
HEATFNZE Common species HHBILHBRIGIP7C R Difflugia globulosa , EAKZEIAWRIK T 5 W Tintinnidium fluviatile

2.1.3  JFUESYIRER R ES AL

B2 B AR S AR ECH 13.9, BEKIR B2 3 IR 2R BOR -F B2 24 2 AR 2, F I (E D 2782 4>/
L,%‘é% Shannon ZREMEFEE(IME K 2.52) 5 Margalef FEERE( E N 2.55) %7kﬁﬁf$ﬁﬁ5%fﬁ;5impson
AR EC (AR 0.84) TEH] AL ; Pielou BI2) BEFR AL (FME 0.98) 7 0.5 m /K THE Ny 0.88, Hap 45 K 21
H

HZE 030 1 IR S R SR K JZ IR 2 BRI (S 15)  mRZ R A i BT, 2
AL RS TSR A — B (SME N 3114 /L) s BEV% Shannon ZFEEFEEL(XI(E N 2.45) 5 Simpson L%
FEFRB(EIE R 0.10) BEKIRAR AL TE W] S BUAHE s Margalef 4= 5 BEFR A (BIME Ry 2.70) BE/K TR HE N A ; Pielou
P EAR R (FIME N 0.92) EKIE 15 m ZJFIRFFIE 1.0 KF-,

Rk A1 1) J5AE S A BB AR T [ H S IR 3 (SMER 13.6) , = B2 U T AL (J1Eh 1186
A/L) ¥ Shannon ZAEMESEEU(IIE N 2.60) 5 Margalef 4= 5 B 45 0 (BN 2.58) REKERHG NS T
3, Simpson P34 48 BT I B AR LALEE ({EH 0.07) 5 Pielou Y95 BEHEEOTC I B AR L (H{EH 1.00) .

SV Eo b AR S R R FE AR RO . RSB SE, FEMN TR Z 5>
HZ>FkZE | Shannon ZFEVEFE RN AR R K> H > 25 Margalef £ 5 A5 K. B
F>PFES>FZ, Simpson LI EETERTE 1AL AN . FF>H T >TKFFE | Pielou B2 AR BT 1 A2 AL ML N -
ESFEESE I (K 2), RIWNAEA SRR A 5 20 I A5 A AR 52 4% | Bl K R B 38 i #H X 15
B R RSB I BRI A S RIS S M R S IR M L RS W] iZWTE S5 A Sh A R 7
TEFEECN S AN . AR E | 35 WITH K PR AH R RS E A G
2.2 A SRR SR AR A
221 JEA SRS R R A

T RIS L RARE I A S T B A AT AL K A Sh W ORISR i D) A BORT = B AT A0 0T il
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FLlEl 25 R IR . K2R ECR £ Y Linb st B 28y B S ibae H R A BOR K IR 2 BT H
(FZFFR 30 m #1100 m &b =R 5 m F130 m &b FKZEER 60 m 4b) ;2808 H B UK RIS 2 o5 e 20 E
P(HEEH S5 m M 100 m 4 FZFR 15 m 40 FKZERR 60 m Ab) ;3658 BB RV BOCI B (10 8 B 0016 (BB
TE 15 m Abik B KA, E T 5 m AR WZEAF Y FD ; S 280K B 2ERED R U BT 5 m DARA KA oAt
R ECZ T ALK,

K2 BREBREIMEEFEISH

Table 2 Characteristic parameters of protozoan community in the Basom-tso lake

FE

e Fe %W& Richness/ 5#[&%‘5%& ﬁc%ﬁ%&é& i’;’ﬂfﬁ%%ﬁz 45%7;#5%&
Season Sie  Species number (/L) Shannon index Simpson index Pielou Index Margalef index
NS RS H N E d
B B1 23 5350 2.75 0.12 0.88 3.81
Spring B2 15 3350 2.71 0.06 1 2.79
B3 14 2600 2.64 0.06 1 2.63
B4 13 3225 2.56 0.07 1 2.47
BS 15 2200 2.71 0.06 1 2.79
B6 9 1000 2.20 0.10 1 1.78
B7 8 1750 2.08 0.11 1 1.60
CES Bl 23 7500 2.53 0.13 0.81 3.54
Summer B2 22 4500 2.48 0.13 0.80 3.39
B3 19 2600 2.51 0.15 0.85 3.19
B4 16 2300 2.77 0.06 1 2.96
BS 13 2200 2.56 0.07 1 2.47
B6 8 1200 2.08 0.11 1 1.60
B7 9 1500 2.20 0.10 1 1.78
& Bl 18 1100 2.89 0.05 1 3.27
Autumn B2 15 900 2.71 0.06 1 2.79
B3 15 1200 2.71 0.06 1 2.79
B4 12 1600 2.48 0.08 1 2.30
B5 12 1600 2.48 0.08 1 2.30
B6 14 1100 2.64 0.06 1 2.63
B7 10 800 2.30 0.09 1 1.95

FRE(RS) 2 19475(4/L) ; E 7 21800( /L) ;8% 8300( 1~/1)

W5t BB E KRR T (F 20 30 m 1100 m 4 Z Z55 30 m b FKZEBR 2.5 m A1 60 m
k) 28 TE B ISBER K RIS N2 o H 2 B 3 (R ZERR 5 m A1 100 m &b 2R S m 30 m 160 m &b BkZ:FR
60 m 4b) ;57 HISHE T W03 B0 A (BB ZEAE 15 m AR B KM, BET 5 m AbR WAz Bl
BIEAR HZEBE AU BT 5 m DAERAG/K A LA ISR = B A2 2 EL A A8 i AN K PR ILIEL 3,
222 WFPRASHT

R T IRAT i ERATE (IR ) [ A sh W 0 R 43 A FZEARE 9 (] (0 23705 5 3l o0 A AR Ak A ¥ I A sh
Pl BT RIS A, G5 R B RA SR RIS U b Bo BT S RBUNARE R E S
B3 B4 RAEM/NHBFAER , ZJ5HKK S BS B2 Bl BEN—A KU E R sh P fp R 4R NRE
BERIZKIKBRE BT A SRR LE R e e B4 BS BT BA& N—4, Z 5k 5 B6. B3 I, Ik
5 B1 5 B2 BA/NHARIEBKHELL, WAL R 0T LA H, B6 BT K)Z A5 A s i ¥ # oy
A RFE  WIF A BT AR KK 2 FEBEAE 30 m DA /K3, HAG B 0 A A 2 25 SRR RRAE , WLIED 4,
2.2.3  BEEFFIESECSIK)Z TR B A AR DG HE

KR AGE KGNS A S TE S5 AR IR B s A5 ) B K TR A sh D V& SR AE S BGHEAT T Pearson
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Fig.3 Relative pecies number and relative abundance of main groups in protozoan communities in Basom-tso lake
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Fig.4 The clustering analysis among sampling sites at Basom-tso lake

B1—B7.7KJZ 0.5—100m

AL T . AR R KIS BT A S W)W Fh AL Margalef + 5 EEHE %0 (P<0.05) S Shannon ZFE P45 %L
(P<0.01) ¥ K R KIS B R A S P Y FEUR Margalef £ 5 B #5500 22 B 3 AU C X R ((P<
0.01) ; /KBRS T= S Fh 2 HOR = B2 2 57AH OGO 2R (P<0.05) , 55 Simpson {3 BE #5802 IE A DG K &R (P<
0.05) , H = Z W BEE FAIESECS K A DG I AR L, BRIk A48 htese , WKL 5,
2.2.4  BEELGE FERG 530

W CUAATE AL SR o A BB AR 05 (F 2 B BB (CLS A) I FHiIE X g 5 AT £ 10053 40
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Fig.5 The Pearson correlation matrix of protozoan in Spring, Summer and Autumn at Basom-tso lake
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B, H=ANE 35050 B PCA B RER A e e R A B8 ok . 45 R W . B2 PCA HEIP5E
1 5B RER A 25.6% , 45l 1 A1 2 B9 BITEBRN 44.2% , B sh) b STERRHE 4 5 = RO Fh 2R R 2B 00 %
H( Tintinnidium semiciliatum) \Z&5¢ IR 5¢ M ( Cyclopyxis arcelloides) 3% 18 2 5¢ W (Arcella vulgaris) , 31 H B & /K
JEALE ETHI By Aot AR (K2 ) B9 STRRR AL B A A, HF44 i = A FE 02 B1 B2 F1 B3, E 2 PCA /¥
55 1 BHAOMRRESR N 24% , 50 1 2 10 BIHRRER N 45.5% . 5 S STk SR HE A BT AR IR K
5¢ HU( Tintinnidium fluviatile) J5 )5 FC B ( Mayorella hohuensis) & H40405¢ B ( Stenosemella nucula) , [F1FE &R
HERZ TR, HXRE S STk R bl 2 B AIG, HEA B = AORE U2 B1 B2 F1 B3, BKZRMY PCA HEF 55—l
B 19.8%, T4 1.2 B9 R BE R 39.3% . Bk AR B ) v BTk R HE 44 I = A R OK BT o R
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Fig.6 The PCA analysis result of protozoan in Spring, Summer and Autumn in Basom-tso lake
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Table 3 Vertical distribution of characteristic parameters of protozoan community in the Basom-tso

i Kz ke FRRS) ppesm (1) FREERN(D)  WSIERN(E) R (S)
Season Water depth  JPecies number R“'/}i“e“/ Shannon index ~ Margalef index Pielou index Simpson index
NS (/L)

FE #* 23 4350 2.73 3.0 0.96 3.07
Spring h 15 2900 2.60 2.6 1 2.63

o 9 1310 2.09 1.7 1 1.69
CES #* 23 6000 2.54 3.5 0.82 3.37
Summer rh 18 2500 2.64 2.9 1 2.71

® 9 1305 2.14 1.7 1 1.69
" * 18 1000 2.90 3.1 1 2.95
Autumn ol 14 1400 2.60 2.5 1 2.30

® 13 950 2.47 2.3 1 2.29

KRS RE R 0.5—5 m 2N 15—30 m, IKZEH 60—100 m
I FRIARI A S 285 SR B = 4 TR A ) Pl BB B2 K VR B0, Mangalef REVE 85 BE 4 B 47 B
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