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Seasonal patterns of diatom response to environmental stress in Lake Chenghai, Yunnan®
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Abstract: Under the dual pressures of global climate change and anthropogenic activities, significant shifts have occurred in the
succession patterns of lake biological communities and ecosystem structures. Diatoms have emerged as key indicators for assessing
lacustrine environmental changes. This study examines Lake Chenghai, a natural closed deep-water lake, investigating seasonal
variations in water environmental parameters, diatom community structure, and biodiversity through bimonthly stratified sampling at
four open-water stations over one year. The research evaluates the driving effects of key factors including alkalinity, eutrophication
status, and water temperature. Hydrochemical analyses indicate that Lake Chenghai is currently a phosphorus-limited system, with

water pH consistently exceeding 9.0 annually and reaching maximum values in winter. Chlorophyll-a (Chl.a) and dissolved oxygen
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(DO) exhibit seasonal dynamics synchronous with pH variations. A total of 122 diatom species from 21 genera were identified. The
diatom community demonstrates a seasonal adaptive strategy involving functional group shifts between planktonic and benthic forms,
alongside high spatial distribution homogeneity. Seasonal variations in community structure were significant: planktonic species
dominated from January to May, benthic/epiphytic species prevailed from July to September, and both groups co-dominated in
November. Spatially, dominant species and their relative abundances remained consistent across sampling sites. Redundancy analysis
(RDA) indicated that water temperature (~31%) is the primary environmental driver of seasonal variation in dominant diatom species,
with additional contributions from conductivity (13.7%) and nutrients (6.1%) facilitating seasonal succession. Seasonal variation in
thermal stratification intensity may further influence algal growth by regulating vertical mixing. Diatom species richness decreased
with increasing water depth and showed significant seasonal variation, with highest diversity occurring in summer and autumn. Spatially,
diatom diversity exhibited no significant differences among sites due to homogeneous aquatic environmental conditions. The
spatiotemporal patterns of diatom diversity were significantly influenced by interactive effects of multiple environmental factors
including temperature, water depth, and nutrients. This study provides scientific insights for ecosystem assessment and biodiversity
conservation in closed lakes, offering data support for the protection of low-latitude plateau deep-water lakes under future climate
change scenarios.

Keywords: Closed lake; diatoms; seasonal variation; community structure; biodiversity

BEE A BRAEARA IR, 35 PP R B ARAE AT AR 2 R R R T I B R8Pk . Langbein 7E
1961 LB B4R 1K DRI 8 Oy A ELHIE . O 0 50 3% B 3 P B0 v 5 T s B v v ik
PN T DA R TR B 2 R T WA i i, FOKAR pH W T — ROF ORI . 2R
T KA PR R0 B e AR A rh ol R R 8O B 2 ), B PR /K AR B 858 vT LA W] VA 1 £ (Fe/Mn-P) A
DURAP R BRI, p s mT DR 3 P R Y PR A A A5 P e o e A ) R 1) O e L AR AR K R
Ho HEAEAKEESRATWEZARI S —, HEVE LMY R 2 P13 PR 1 B & FE IR
A, U B AR R I 3 P R, AR A BT A 52 OGTE Yo DRI o B T Y R AR )
BT A AR UK AT B T JRATT S L R8P 8 0 7K B A5 AR A A ) 57

B VBT KM TGS FRSE G R, KR s & IR Wi E MR MR 5 S Rg e, &
FrELI S AL AR B IR S KRR RS AE R . FTA R, R ER T, KEH4E o (Chla)
HEFRE T W (total phosphorus, TP) K BB IEM KK RO BE KK EEFRMUIFFLE, LM%
I HUEFRRRRWE D LT, EE IR RN, Biltn, 20 tHAS 60 ALK, TEVEETH S B
R 0 S TR A S B T IR AE I AR S R At BT E B e TR T v IR K
AED, fk AR 2 RV & TR A IS AR AT UM B . Zhao S5 8VRT Xu S5EOT e [ 2R 5 1 X (1478
HFFFREE R R, B E E TR, A 10 S o I 2 1B T R

REWMMREZSARTESH T ARMREE R FAER . SRR E SR WA g e i
AR SN, CARRCYHIN RIS N B IR B U, (OB R, BRI
WA E 0 MU, ANMRTEEE NN Discostella stelligera 22 0] ABEAE NIIAIN 143 2 2R AL 5 7~ Fh
021, BEERER TS, WA RSN [ E KIS0 B, X SRAE D. stelligera S FAHXS 3= %
3 s,

TR — AN R RN B RGN, CAFRRY, 1T 250 RGN B A e, T
WA E EAMA RN T 2R E, SFEUKMEFSERERIY, ngEk, Rl RE. 31K TR K= FRFEZE# N
AR E TR, SRS WIS RO S BT SRR B s B US), fE 2 I
EE T, FREHEIGE KR ARTIRER SIS R . AR5 IR AT A B, i =5 iR
e KR BOKARTESERE i, TR0 K IR ST S5 1k AT v 45 4 S A 2 e AR A I ZR i 2, E TV EAR
BB SRR IR H T A S IR R IR B AR



1 MREEE

1.1 FAREXER

FEHE (26°27'~26°38'N, 100°38'~100°41'E; KAz 1503.0m, K 1) AL+ =F5& LK E TR 20
km &b, FRKIE 351 m, “FHIKE 257 m, WIVHTNAR 77.22 km?, E/KE 19.87x10% m3. X J& IR
B RS 5, AEIR 13.5°C, KR 738.6 mm. IS HVE DI . AR, N HHE
o, RS EER B R RS RAEADS, FREERT DIE AR (~26%), JKAAREH
BT L Mgz M Nat A (% 1.

FRUFSEAGE WA, FEONE T ZNHE . B S RUKAL TR, da @ RRm . 1762 FFFRHg/KAL T
FETCVEL L, 1779 SEFRIG/KAL TREILToK, H ARG Z KRB & V0T, TR E PRI A 017, Wi
DAHE R AR AT B K AN S 32, NIV S8 N ZE T i, T il

P 1 R A R 28 R R o
Fig.1 Land-use cover in the catchment of Lake Chenghai and sampling locations in the lake
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Tab.1 Summary of catchment and limnological features of Lake Chenghai

IR IE i1

KAz/m 1503
AT Y km? 77.22
FHIKIR/m 25.7
AR T A km? 171.4
ARMTE 3% 17.2
A 7 5 FE 1% 24.7
AT EEI% 25.9
Ca?*/ (mg/L) 8.66
Mg?*/ (mg/L) 223

2019 4F 1—12 AR EmLA G M ZE A KRS80 (KR, BoKE. Xd) Bor, WM
6—9 A (E2), A¥EKEN (223.33+67.45) mm, B SR N (18.68+1.92) °C, -1 KiE Jy (1.75+0.44)



m/s; BZAYFKERN (11.21£18.68) mm, HISE N (11.96+4.42) °C, “FHIRIF A (2.97+0.64) m/s.
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Fig.2 Meteorological data including temperature, precipitation and wind speed of Lijiang Station in 2019
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Fig.3 Vertical distribution of temperature of four sampling points in Lake Chenghai
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Fig.4 Seasonal variation of physicochemical properties in vertical profile of CH-4 in Lake Chenghai
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Fig.5 Variation map of the relative abundances of dominant diatom species in Lake Chenghai at the temporal scale (monthly average
values of diatom abundance at four sample sites, a) and spatial scale (average values of diatom abundance over six months at each
sampling site, b)
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Fig.6 Principal component analysis (PCA) showing the first two for diatom assemblages
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Tab.2 Results of Mann-Whitney U test between pairs of months

A -3 15 17 19 111 35 37 39 3-11 57 59 511 79 7-11 9-11

wE
0.02 0.02 0.03 0.002
( p _— _— _— ks _— _— _— _— _— *kk
** ** ** **x
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Tab.3 Results of Kruskal-Wallis test for spatial scales
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Tab.4 Results of Mann-Whitney U Tests between pairs of sampling sites in January
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&M 0.03*
(P &)

*: P<0.05, **: P<0.01, ***: P<0.001, - A &%



3 g
3.1 BEKGEHEEDTUERSEHEFEMN

AT SR FE U P R S R B R A = e S A, BRI RN 7T A9 B, H E R EERIFE 2009—
2010 4F [A) % BRI /K ISR I A AL 48 R A i 3 7 2R U A 2R . 2RI AT, B TR ZEBEEL, WK B A
15 At BIERWEHREER (~20%), WELEHRZ AR NRY, WRRIEN, HTRK
fR, RIS N CAn®E) Hn. PRl FREKAAE 7R B R B AR B 2 M e 11 3 2 R R VA - T VA R
HRFEFHH.

KA ERENLERER, £7F (1 ) KEMGRIRE RS, BIFRFEY S &8 . FirEY
HEVER, WBKAE CO2, ARG KM pH i (B 4), 1T O B 73R B K AR 1 B 5 A R T4
FEMERE CER-BE) PIRFSRBEARY |, MENBERRHIMI (B 4D, VA MR IR IR AL S 8 1 v 28 A Py it () 388
B3], [ FRIG AT KMIRS (B 3D, BIF RIS =Y 5ol b2 R, F e AR I i iR
A A e R ITE A2 R R O AR P AT A /R A o 0 3 AR SO FE EH T — B ) A8k i 3, B 4
HEVETE. KT, ARSI AR H A R K Hp 36371
3.2 FEREELAMIT-T R B E R EIREIHLH

WEBEAE /KA A RGP RIS IRE, HBEVE S5 M I I 2 S A PR 50 A B 3 R U o MBS
ERE FF, PRV SR BT RAFIE. ANOSIM M ST BoR, ANFZETE
IR AR 2 3 (P<0.001). DALY, RIRFM TR GIERIRYSE, &% 5h TR B
T VA RO P R A5 = U B R ) A B SRS, B im IR IR T AR SR 4R A0, X
54 BEWN, KAEFERHEBREL/NAE (Cyclotella spp.)~ iiL#E:JE (Stephanodiscus spp.) 15
i E S AL IR AV G o C. meneghiniana TEA [ 8 37 K- 7KAE R 3575 40 A, I BIE B A B 2,
{HTERE £ B0 55 HR 4 C. meneghiniana X 53 S B 41-421  F2iHg pH H 4E>9, JR TR, K C. meneghiniana
L. BT C meneghiniana WAEK K E FE L MOGREE, DR A28 /K% BH B = i FC AR =5 B A i
(B 6). S. minutulus BEHIEEN 8~18 CH, HEEEAKMZETTN 11—KE 4 A, BN E R
RISz R, RN TR R R SR, RTE 3—5 A Kik P REE N A ESRRA. WD
BT, N.paleacea W5 JMEA K= I 2N, FF H T H ARG JRAR RS, B bt H OB IR 5
BA—EERNYE. FWE SRR E R RIS TR N paleacea AL R, X 558G E KT
(5—11 H), JEM/MAmEREW S TEEE (Navicula spp.) SIS MYIE . 28 LR, KA
REBEZT SR B pHy BEIRIIRE (REE DRSS R 7 ILF IR 45 R .

TR b, TR R i B R B S 2E e B A R = B R I v B — B0 o R TSR IR S TR AL
P AR A B AL IR A R, S IR B AL S ECR MR T, 3 R I 2 R 35 B R AE
BOl, 5 b, AT HE N T FE AR B V8 TR T [B) 48 B b Xy 25571 T & 1 08 I 1 SR (i - IS D e B e 46D,
DL R 2 AV 4 BE b AR 357 o 1
3.3 EREME MR T TR X IR T AT 5

TEBAE AR A S RGN EERNWIR AL F 5K bs £, HAMZ RS2 2 BRI TH)
P lE R . MR I A R BRI A M e R R, R S 2RV R I 2 A A
K JRE1-2, FERRME R, B KIREIIGE N, fEED M S A R RENES (B 10a), B RBH
IRAEHE A Z- MR vE . anfR % B Bolshoe Toko WA, NEE K Worth 8054, =g RK[¥) Ohrid 515514 . YA
TR I 2 BRI 0] fik S P U 25 0 AR ) 2 AR MR AT R R, Wl IR L IR RO IR SRR ),
FRAERINEHRE, WK &S HhWENFEEREZER, KESEHNGE o REMIK,
KRR DAY EWAIC, X PR PRICESE S HAR BRI A ) e 4o DN AR g B AR =0 (I R e 2
M4 EERS (B 10b. £ 2).

BRI ZRIRRERER (R3. K4, BT 1 Ay CH-1 5 CH-2 2127
=, HARA R A Z AR o VYA RAE S& H K BB v &, S EEHR bR ) AR L i 3



R—E (B 40 BRI 1-3),  [FIRE A0 2 25 R At B PR E SR B v o R T RE R 1) 22 R4 2 Z7K 3R
BRSSP RATEEI, R R 2R R 2 R R B .

4 £Eip

FEUG B V(RS B A B B — e R R Cnsemn i pHD, JCHR /KR E R EIRE (A
BB EE R m R E R G R (PRI f2m. A ZRipE s G A EK
& pH fE AR HEE MEPEBE IR, BORBIKRIR S BN T BN E =R, Tt — D (R fd ek
EYEIEBNEE. FIEY (SR o SHERERKEERARIA. BT ETE. KETRE
v

TR AEN R ETTEE S S TR FA. WA L, XFFFHERE (NMERF C
meneghiniana~ ENLIRFN S. minutulus) TURIRIR G =% WA B R & 8T+ m i i i B IRRE R (ln
it i5 74 N. paleacea) W& B i S CH BN A HE, WHE BB pH. BIREHAOCRILFE IS 74
B b, K IRISE [R5 A ek 5 A e S T v P — B

FRUFHE 8 2 AR YL 20 3 52 IR 55 R - V)[R VR 28 o ) TR) 4 B b, W = R ok b e /R 38 I vy T B
BEREZ MRS OKR<25 CRAWD, SRS E—8; SE4EE L, NTsSRcanE (B
L AANGSALSE), &R SRS TR EZ R, BUE T KRS A A 2 PR 2 RAEH .

5 MR
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Attached Fig.I Diagrams of dominant diatoms at different water depths from various sites in Lake Chenghai



