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Abstract

Protozoans that are microeukaryotic organisms in the water ecosystem and are quite sensitive to
environmental changes can be regarded as important indicators of the water ecological health.
Based on the data of 308 water bodies in China including 132 lakes 176 reservoirs and data of the
same water body at different time periods this paper analyzes the relationship between protozoan
diversity and geographical factors namely latitude and altitude. The longitude latitude and altitude
information of water bodies is obtained by using ArcMap the species richness data in the literature
is extracted by using the GetData software and then standardized and then the simple linear regres-
sion and scatter plot analysis are carried out by using Python. As a result the quantity of species of
protozoa generally presents a downward trend as latitude and altitude increase and the decrease
range in lakes is greater than that in reservoirs. The community structure of protozoa in lakes is
relatively balanced and the dominant groups are quite diverse; the quantity of species in reservoirs
isrelatively stable because of the influence of the static water environment and artificial regulation.
The richness of protozoa in water bodies at low latitudes and low altitudes is relatively high and
reservoirs to some extent alleviate the relevant impact of high latitudes and high altitudes on diver-
sity. It has been found that latitudes, altitudes and the like as well as water temperature, dissolved
oxygen and nutrient levels may have a connection with the structure of protozoan communities.
Lakes and reservoirs have very distinct differences in terms of diversity patterns. This article offers
a scientific basis for the conservation and management of biodiversity along geographical gradients
for different water body types.
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1. 5|8
1.1. fARE =R

VB K2 R G G 7 T S K %, ENIANBOR NSIRBEIHIK, T R REBE LA L 4R kit
MBI, SRR, R R 2R UL KRS A S R T R DR . 13— B B B AR
BUREERTT, HoRK R BB mREtE, EEREMESHME RN, KERZ REE N TR
DUBERTE G B BORKSCRTERE S, (HARKARRIKAL, & ULLCE TR A 2 W B 2 B O
MU 1] [2]. RIRKEEG NIOKEGAEZER, RIHEEWFRIEL, feminsh bl kAR IReE)r
TR L H AN [ B RFAE AR 3]

FREEN, R R ESIIN Protozoa, FEKMTAEMIMMI B BRER . R ARSI 2 SRR 5
K, AT CARIE AN, BRI A o P E (M RE AR IR B R E IR I AR BRI UL
SR RE R AT T 2 5[4]-[6]. FEIALLROKEEZ BRI VR 45K 5 2 R o BT AR T 2l
Yot S A UL RS Th R ARG, X — RAEAHSRSTIR 6] [7]F AR B SR B IR sh W B 2 51
RIEZAER], e T REW XS /KR rh i) B LSS R SRR LR R RO T, 2 T B i )
B A O RONOR B 70 e B RPN A A LA, X AEAHSCHT BT A5 A SG R (8] B AR A%
FEMEP AR, AN RN KA A ARG T DAL, 0 B Tk A2 35 R ST DD RE A 445 th B A 3R (9]
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1.2. EASMAZTIIR

AR, R TE BRSO KR LE Y 2 BV RS I C o B S TR B BT ) o P R 13 o i
PRI JCIRANE TR ER A, AR B AL S RN H A e sh IR EVE 1) 70 A S 2 BEVE[10] (110 il 72
PR X AR, m iSO X R A SR IR R AR AL, LR SRR VAR ORI
YRR RS REENSRRES SR, RSB RIERTA(S R B Em T
R IR (1Y), SEos B R T R A S 2 R R RIEAERI8]. BN, AER R XIS R
FALTR, WA DSV A A B D RERE AN A A A a2 B AR BB S A [10].

KT WA 7K P 22 A BRI 90 1 B A eP A K SO . T IR o A R DRV G5 R T3 T o 7K P PRI K AL
W R BURATER], KRBT ATE IR BRI AE W B AN F T R8I, FLE e sh e R KA. /KR A
B IR O RBU2] [12]. BEFURM, KR P R A S WU VE AR T AR AR P A7 AR B 25204k, LA
HDIRERE AT RE SWIAANFI[13]. AHECZ TR, KRRt TR A A2, JR A SRR 2 e R A D) RE A
1832 F AR SCR AR SRR FE RIS W R (2] [14]. SRTT, BUA B Z N R EHNA B — KR &, k=
PSR . LRI S K EE R &R G2 (8] [10].

1.3. fAREX

ST RSTER, AR RN 5K RS A SR RSB TR . il %
AR RS S HR S5 0 L, I Python JEAT—TCAMEEIRAMT, AR SUHA T LB A 750
BB R U RCUTILEE, 3 HCBEHTE 5 K RS B L% SR8 (9], AR IE BT DL TR 5
B YRR RO UERECR, W0 B SRR % P b 5 MBI 72 ] 02 TR LR
KPR SRS IR TR B RO 2 5%, KRR, R (R AL SR BRI 7R
AR SNSRI A T HOK A RECH WSSOI SR GV RI K B A5 55 T
MOLHCEIE1] [8] (9]

2. R EEE
2.1. #IEKIE

AR 5 B0 2 BERYR T SCHER A A SR B FE o Ik R GRS 2R [ N AMZ O TR K ST A AR S E R
SREL T A0 5K PE Vi TR AR s R U 2 . SRR 784 RS SR, W5 A 132 ANIVARN 176 HEKFE, &
Tt 308 ANKARPIEHE G AL S T 1R — NS [F) I T8] B R ) « BRRS SCHR G, T IR AL S R, RFE
B SRARER T SOK AR RN EAF R, 1K BB S 7 W /K AR A 4 2 A 5 b 3 TR 7 1) O R 3L T R k15
[16].

TEMERAE BRI T, AW AL ArcMap 10.8 #fF45 A T MR B (DEM) R EUEREAN KA (1 22 26
JEAERAS B . BARTTR, 85T ArcMap IN# DEM 3038, K KAG B DL & SR AR, 4B
LR A . 28 285 P A0 2 SR IR T ST T S AN [ SOKFIAE S (1 M BR A AR, (RIS ArcMap #EAT R4
AR IE, DARIE R A D AR PE[ 1510 AU 40 26 155 RIIAR SR B RE 8 M 5 S W 46 B« iR SRR
B2 FEIE 2 R B 0% R PR mT SR Ak 5

2.2. HHRALTE

FERRALERR BE, 5G] GetData BRAF M SCHR A (10 B R SIS A Zh WA EORUK R S 4 i8] AFv]
LR B AL Bt e A0 mT RO BB, S T ISR NI, S e R L[ 15 SR Hod B 1 IR A 50
PIRhEL. SREEAR AR AISRTE R STIRARIRAR IR, e BB PSR SR
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A BB Re b, |0 AL AT St SRS R AL ST — DL “ B TR AL, RS 9K (m),
LG — ALY HR, WFERAEBEAT A B o XAl SR 1 S AR S P A A it S s, R K A4
Y BN E AR HEAT AN, DAORAUEEE e Bk o X St A1 (A A o 0 2 225 0 0 S ARG 95 1) 1)
BEAT A EEGIR, LA BRI T30 e, KT A Bde B & 85— 8RR, BRI ID. 83,
GERE IRR B, )R8 iR BEARHE AL O B 2L Atk 15] [16].

23. BIRSHTE

B4 A 8 B Python 3.10 #4347, % 4# ] Pandas. NumPy. Matplotlib £l Statsmodels [ 31T %k
AL, FTRAL R Gi it oM [15]0 A FE R — Ju 2t [l 3 775 0 M SR AL sh At B S 4 L g Ak 2 TRl ok
Ao BES M ST I7E, T RLE AL B AR & (4 2 B R) 5 DR A2 e (J5 A Sh P i i) < T) 1 Ze
KA, i EE REU MR E AT F[16] [17].

BRSO P RIS E5, XF 308 ANAKAREAT BAR RNH 404, E LR AR SRS 46 R AR —
JCER RN, THEEERE RSP ELBZEEKE E). HIR, 2KEEEEATEE ST, 5000
PRI 7K PERCHE AT [P A ASE, LU IAN [R] S8 A AR AAAE 26 B AR R T R AR 3 2 AEVE I 22 5[ 15] [16]

NEEMERRKFR, RS HIBUIE, RREAESYFEEELS B0k iEas, FERHS
IEVAEZ. BRI EEZ&S A7, A BT WG E S AR AR B ) 2 o [F, @il
ELER R PO AN B R E, AT VPG4 B R S A S 2 AR R R S . k7S5 T AT AEEAES
Guit S — OB A% BV 23 A A FR L S [ 15] [16]

WAL, NERUEZ A48 RGBT SV, BT s AL 2R 7 A AP SR Ak AT 10 5%, JFiEd Python
JA BB TR, T THAE IR ZE . BARE )85 R T 5 e R A ) 2 R E A R 26
MR FE AR, AR A 2 R CR P S (BB AR IR 16] [17].

3. 58
3.1. AR

AHFFRALIETE T 784 FESCHR, AEE 132 MEIAM 176 FEKPZE, it 308 ANKAK. REA KR A fE o5
r ] 2 350 2 1 0 R e AL B 2 K I XA, £ BEVE R 207 18°N & 46°N, ¥4 Bl M- J5U I (2 10 m)
B SR mRE RO (2 4600 m) [8] [18]-[20]. WATAAEAR 32 AR 7R 230 F R AN AR A L, ZKEERE AR 2y
i T E AN ERE, AR KIT R BRI [21]-[23]. WA 1 s, B ArcMap 8844058 i &
F1ey e 53 PR ST (O € ) R 7K PR (R 8 ) PR B 20 A1, DA RO 7 X 38 g v 88 (R 4 £ 3 41 6 R R AR B
e AR AR Y rE B b ROR H ok . B a6 A NG, AEE R PRSI, St 308 SRR
1324 KEE 176 ), RGN IEA M Z R SR k0 RIBEEERI G E . BIH 6K
SR TR I R LB I 5 0 X A ) K AR S A

75 308 MK YH,  JRA SRR A2 B B B A R RS I R AE SR AR E R, T
By 1 Fh 2l 282 Ffs JKFE R ARSIV FR B A AN R, X TRDAZ 1 ARE] 103 Fi, A OGIEGLIL T SCHR8] [18]
(2417 o S AR UL I T AR Zh P 0 22 FE I UK EE BRI v, AFR AN R 7K (A 8 TR 45 1 DA S P88 5 AH >4 B

=]
ME o

S KRR R AT AT, 45 R Eon/KIR, BE(TN), HBE(TP), WRE(MDO)AK M4 a IKFEM
JE A B R B AE — 8RR FE I OCHR[21] [25] W5 /K BEAEBRAGAR AR 7 THIAFAEAN [F) 2 Ak 7K B i 1)
IKIAEE T RE 2% SR AL S BEVE G5 K P AR AR, A4S e /NP 1 LA ARG 5 s s TRV (R BV 45 R A
TR, HIEET N2 FEA[21]-[23] [25]
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Figure 1. Geographical distribution map of lakes and reservoirs in China

1. REHRASKEIES R E

3.2. GESFEEIPHBXR

T — e A B, VA SR AR SRS A R A OGS, [IH RN Species=421.1112—
7.8513 x Latitude (R> = 0.8233, p < 0.01), RIALJEFFE, JHEA SRR FI18] [19] [26]. WIF 2 fF
s USRI, R HRA BT (18°~25°N) 5 A= s PhEU v, 83 150 Fh, 1 46 BE i TH (40°~52°N)
P2 B TE 1~35 FH[18] [19] [24].

TKEERI BN ZE R KL, (R?2=0.7980,p <0.01), [EIVHJ7F2 4 Species = 159.0347 —3.1614 x Latitude [21]
[22][23]. 4nl&l 3 Fias, K ZEAEARE: BE 10 X 5 AR S W Fh B v, AR v BE VK PRS2 7K EERIUASE . /K BRI
KN TR, JFAEsh R Bl s k.

WIS KERZS b ion: WK 4 s, (R KA E A sh W) 2 Retk @K e, e
X7 AN, Ui N TR P S R SCIRBE AT B MR 1 e 26 BE X 2 REEIIBR BII[21] [22] [24]. B4R
R, 2T o R AR SRR AR e, (H KA SR AT RN

3.3. WRERE B KR

FERHRERFE A b, 5 B, R IBIA GRS 2500~3200 m) 5 AL SR A 0 S AR TR IR 30
SRR 25 B TR SOSN8 235 F[181-[20]. EIAM T RaR, WA R AESh R S ik
5 5 27U (Species = 269.6725 — 0.0820 x Altitude, R2=0.8126, p < 0.01). #USEE R, 1E 3000 m LA E
A, MR M.
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Figure 2. Relationship between protozoan species richness and latitude in Chinese lakes
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Figure 3. Relationship between protozoan species richness and latitude in Chinese reservoirs
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Figure 4. Relationship between protozoan species richness and latitude in Chinese lakes and reservoirs
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Figure 5. Relationship between protozoan species richness and altitude in Chinese lakes
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Figure 6. Relationship between protozoan species richness and altitude in Chinese reservoirs
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SRE TR, i 7 PR, WA S KR R A S 2 R SR A RE A RO TR B, (EUK
PRI vei 2 B R et P4 DX IR R P AR P 235 o VA 52 EV AR SR AR BRI SER, e SRV 2 PR PR, T K
LK SCURFERTE FRENAE — ERRRE LYERR T RS 2 FE (8] [18] [21] [22] [24].
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Figure 7. Relationship between protozoan species richness and altitude in Chinese lakes and reservoirs
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4.1. &R 94

AR LS R IR, JRAE BN 2 R M 52 43 P RN SO0 EE M R DR 5 . 2 T 5 SR A IR B A
TR M 485, SRR AL P2 R Bk Re i sh, AT PR R AL S A £ 27]-[29]. 4R Ay
Rl BT B0, AR AR TR B R A= S 18] [19] [24]. HEIR T I LE B /K I PR AK  WEARSA AR L S 35
SR, EPOEIA RS AR ], BRI T R e B S B[ 18]-[20] .

WA K e ) 2 7 R BR T K SO 5N T W 208 B ARk, K ST AT K AR ) B AL
SR MK B, A SRE AR, 2 R s AR I SR A S 2 R 1 52 PR
B8] [18] [24]. ML, KEEGHEKEE KA U N TR KRS, DA K e i bk fh £ 45
] 25 PR G A S5 P AR AT SR B s, U LA 2 5 B b X i AR S W R B A R B = 7K [211]-[23] 6
Ab, KPR RS T REHINE TR AR AR S e, T SCHRER S ) 2 R [21]-[23] [25]

4.2. 5Bttt

B AT, BRI R AR Z ) 2 R BN > R > B > FEIREE S, 5
B FLIA AR 2 A AR 25 R — 2181 [30]. R VUM NIt 7t o, i sh MM 8 S /KR A E A
FEARDG, 3 Hp 40 P AN I8 i P 855 K] 7 [R) B2 5 el 22 R W R [26] [27]. ZKPE T TH, BRVE 4 7K R 98 K
P KRB R SC A A A P 5 B T A B i 2, AT T K 8 v 20 B R0 e v DX Sk G o FH 1 45 SR 5tk
W& 21] [22].

[ BRBJF 7T 4 Jeju Strait A1 Mediterranean Sea ) 7 AE SN 78R, 7K 219 MG IS 77 2R 2 52
TR Z AR R B R [31] [32], SAST FELE M TERI 7K 28 o oW 1 1 1 380 R - 0) 22 5 2 ) 42 FH AL i) —
Mo BUH AT, AR E OB EEE NGB 300 NMKEEIERE S, R0 T RAESIMZ M S4S
FEL R EAORR, JRHE TR SAKEAREME N ZER, W TN LKA B S8t B FE 0 1
FIEH

JRBRYELE T FEARREE A, H0 ok AR S T IAAAE £ R, TR 2RS4
By BFPOKIEREARF IR, [EUR AT BRI PR B2 N AT RE IR s[RI, {5 BE 4 BE AR, Roe
A K AR BRAG R BRI E FR AR RIS () 52 [8] [18] [21] [22].

43. ARBE

KT KA AP Z R R SR ERR G T3 T a . Bk, WIAm A E A E R X R A s 2
BEPERAR, 75 ey o A AR AU, oAk W AR AP [ 18]-[20]0 Fevk, 7K R R K R 3% e 1k ]
TERESGZM TR, RN TAREEMZEMKT, BFREEEHE RN SAERE@EM[21]-[23].

KK T — DA mEEN TS5 ZFEE AR, SR KGR E AN IhEE 2 A0
FFEE A EALEEAT RAEWF T RIS, INKHIIRIA 2 R, A e, k. mE. BRREsE
KB VERT Z R SR G 1R, KRB E 5 R 2 BRI SRR 24K HE 8] [18] [30].

5. &g

A FMKFT 308 DNARRIIEAE, SRSV LR ST, W52 80 REGEAT 211 REMIET,
P et RoR: PRI Sk & D T w1 DL K R R AR S R A s B sk, (E T e
T2 BB IRFATF LR T N a%, TEmZh B, iR I, WivAm 2 PRI B SR T /K ZE[18]-[20]. 7K FEHE
T IR BRI LSO SO T, 2 /NMEESSR, B2 F xR R [21]-[23]. KRR
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YRG5 X HWBR A 7568 2 PR 2R AR EAT Y, SN T IR KA AE s R B R UK i 26 B A
HEON FEVE 2 RIS B BRI B L2 bR o BB P B M SR AR Zh W) 2 AR MR B 3, (BRI
A RAE UL, 2 FEEAR S A (R HE 2 475 8 VAL TR At J=5 A B P 1 B AL 7

W TR I LA K K e IR SR AR S K DR R A 5 A R A T 5, W T ol S, RE
XS PRI A TT Je Ml A, T 7O U S AT /KL P B DA SR SR N 4%, AT R R AR Sh P
SR YR I AT RE .
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