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Abstract: The thermal stratification and its potential impacts on the phytoplankton biomass were studied through the four seasonal
field investigations ( October 2014-July 2016) in Lake Chenghai and Lake Yangzonghai, two mesotrophic deep lakes on the Yun-
nan Plateau, southwest China. The results revealed that these two lakes are both warm monomictic lakes, where the vertical stratifi-
cation was occurred in spring, stabilized in summer and autumn, and disappeared in winter. The mean values of thermocline depth
(the upper boundary) , thickness and strength during the stratification periods ( spring, summer and autumn) were 17.70+3.89
m, 5.54+4.44 m and 0.67+£0.43°C/m in Lake Chenghai and were 12.53+3.35 m, 8.25+4.85 m and 0.53+£0.43°C/m in Lake
Yangzonghai, respectively. During the stabilized thermal stratification periods, the dissolved oxygen in the bottom of the water col-
umn reached less than 3 mg/L even 1 mg/L, and the specific conductance in the bottom was generally larger than that in the sur-
face water column. In these two lakes, the maximum values of the seasonal-average algal biomass (represented by chlorophyll-a
concentration) were both in winter, which was 19.22+11.08 pg/L in Lake Chenghai and 45.82+9.41 pg/L in Lake Yangzonghai.

Moreover, the fading of thermal stratification may be an important factor that increases the inorganic nutrients in the surface of water
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column (from the bottom of water column) . Thereafter, higher nutrients combined with suitable light conditions and water tempera-
ture could promote the occurrence of algal blooms in winter. Besides a certain similarity, the major influencing factors of seasonal
phytoplankton biomass also had inter-lake and seasonal heterogeneity during the other periods of season changes.

Keywords ; Thermocline; dissolved oxygen; nutrients; phytoplankton; algal blooms in winter; Yunnan Plateau; Lake Chenghai;

Lake Yangzonghai
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201541 38 H(AZE) 4 A 17 H(FZF) KX 2016 4E7 [ 21 H(HEF) FFRIHAE T HEZSH0K TN
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Fig.1 Sampling sites of Lake Chenghai(a) and Lake Yangzonghai(b)
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(P<0.05) FFkF= 0] JC B #2257 (P>0.05) , Bk 2= F1 45 2= A IR )22 J52 32 A5 B2 18 06 . 35 1 22 5 (P>0.05)
MR B35 R TR (P<0.05) it (P<0.01) , M5 E 5 FF LB EEZR(P>0.05).
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T BRI SR, W ER 2 J5E JRE i 8 U It 3 22 5 (P>0.05) .
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Fig.2 Seasonality in vertical profile of water temperature in Lake Chenghai (a—d) and Lake Yangzonghai (e—h)
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Tab.1 Seasonality in some parameters of thermocline in Lake Chenghai and Lake Yangzonghai

TRERZES B (S HARIER)

R s
Wi F/m JEH/m JELRE/m HREE/(°C/m)
Tty % 17.38+1.39 24.43+1.31 7.05+2.49 0.86+0.29
Z‘ — — — —
P 21.52+3.81 23.4423.67 1.92+1.54 0.23+0.08
e 15.03+2.58 22.33+3.49 7.30+5.39 0.87+0.43
s 17.70+3.89 23.23%3.10 5.54+4.44 0.67+0.43
FH 523 e 16.11£1.16 20.12+1.27 4.01+2.23 0.56+0.39
5\@ — — — —
b 14.25+1.96 19.41+1.87 5.16£2.15 0.58+0.63
B 9.01+0.95 22.48+1.80 13.46+2.06 0.47+0.24
sl 12.53£3.35 20.78+2.18 8.25+4.85 0.53+0.43

*N=5,"N=6, °N=8, {N=19, ©N=3, N=15.

2 R I, R E KR 5 IRER)Z R 2 B AR C (r=-0.654, P<0.01, N=19) , 588 (r=
0.493, P<0.05, N=19) i (r=0.602, P<0.01, N=19) £ 53 A B RZ KR SRRZRE R B
FMAIXK(r=-0.536, P<0.05, N=15) , 55 B ZIEMC(r=0.568, P<0.05, N=15) , 5iREK)Z % T
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REMKNE(r=0.246, P=0.376, N=15). HOLZHRE SIERIZ S0 C R Ir i, B i (N =19) 5 fH 5%
(N=15) i FOE2 R 5 R ERZ R f“ R RIS FEE 2 (1) 2 A AR Y S AR S A, R TR B % 1) X
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THTEAS B R[] B F, (0 R 2= (¥ SpCond TR ERZ T8 I B /K RSN TR 1 B RS
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Fig.3 Seasonality in vertical profile of dissolved oxygen in Lake Chenghai (a-d) and Lake Yangzonghai (e=h)
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TRIERK & B FEZKIE Chl.a ¥ 458 5.62+£0.92 .19.22£11.08 ,8.06+0.74 Fl 12.52+4.70
ng/ L&l Sa) , 4B EHRTHE(P<0.01) MFEZE(P<0.05) , BERERTHEEMUE(P<0.01) ,£F58
FIWE 2T (P>0.05) ; SRR 4L 35 B =M R ZKE Chla ¥R B2 435108 17.64+0.78 ,45.82+9.41
15.19+0.95 i1 18.27+1.32 pg/L( |8 5b) , &&= 5 % K FHAL 3 A~ZFF7(P<0.01) , EE:HERKTHES(P<
0.01) , BZ5FEIR EMZER (P>0.05) Bk & HEMEZKAE Chla ¥ B 155 3
5.28.14.39 8.07 1 12.57 pg/L, FHSSHE 4331k 17.55 43.35 .15.14 H1 18.26 pe/L, Wi 14 2 1 {E 45 55 v ( &)
5) ;Wi 4 ZE R Z KK Chla W JE LT BRI HA ZE 3T K (R 5).

BT 2 5O, A AT R & 2 2 0, BB 4221 TN (NH,-N Fl NOS-N YR i %
TFHRKZ:, TP FIl SRP Yk i i 2 w5 T4 2%, TP \NH,-N I SRP ¥ i i 25 &5 T H 2, NO; -N Ve i i 2% T H 2, I
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PUA, BRIEER TN ¥R (P>0.05) Sha HA 2 B9 47 B 3%
PE2E 5 (NO5-N, P<0.05; Hofll, P<0.01) , FH 5% 5 4 2 5L
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NH,-N ¥ (P>0.05) S 1) Hofth 2 5034 7 i 3 1 22 5+
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A SRP ¥ HEAT Spearman #H G HEAG 4 , 4558 Won (LU
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Tab.2 Seasonality in nutrient concentrations of the surface water column in Lake Chenghai and Lake Yangzonghai

SR (IME AU )

W =y
TN/(mg/L)  TP/(x107" mg/L) NH3-N/(mg/L)  NO3-N/(mg/L) SRP/(x10™" mg/L)
i #hZe 0.52+£0.03 ** 0.58+0.02 0.03+0.02 ** 0.46+0.01 ** 0.06+0.01
PE S 0.77£0.07 0.62+0.06 0.21x0.06 0.51x0.01 0.06+0.02
iz 0.77£0.07 0.56+0.03 * 0.24+0.11 0.51x0.01 0.04x0.02 *
CES 0.74£0.04 0.15£0.03 ** 0.03£0.01 ** 0.70£0.03 ** 0.03£0.01 **
FH 55 g b 0.43+0.04 0.70+0.06 0.13+0.02 0.26+0.00 ** 0.20£0.03 **
P E 0.65+0.09 0.93+0.60 0.13x0.04 0.47£0.03 0.06+0.02
H=P 0.49+0.16 * 0.47£0.03 ** 0.28+0.05 ** 0.30£0.02 ** 0.07x0.01
B 0.21£0.04 * 1.57+0.09 ** 0.05£0.03 ** 0.13£0.01 ** 0.04+0.01

IN=9,PN=6; UK T NBI, * P<0.05, wx P<0.01.

%3 U R AR R %1 38R Chla WRIE 54 S HH) Spearman A5G

Tab.3 Spearman correlations between chlorophyll-a concentration and physical-chemical parameters

in the four seasons and two adjacent seasons ( season changes) in Lake Chenghai and Lake Yangzonghai

AHIC AL
iR =
WwT SpCond TN TP NH;-N NO3-N SRP
i eSS -0.221 0.607 ** 0.535*  -0.266 0.276 0.502** -0.191
% -0.755 ™ 0.832* 0.612* 0.085 0.767 * 0.638 ** 0.186
K=k -0.513* 0.707 ** 0.085 0.191 0.010 -0.345 0.144
BF—H 0.503 * 0.730** 0.134 -0.574* -0.535" 0.512* -0.335
FH 529 UES -0.307 0.525* 0.270 0.548*  -0.485* 0.255 -0.174
% -0.673* 0.883 * 0.649 * 0.054 -0.270 0.708 ** -0.676*
X—kK -0.615" 0.743 ** 0.358 0.760 ** -0.692* 0.573 -0.071
HH 0.804*  -0.777* -0.698 * 0.816* -0.594 * -0.797 ** -0.680*

# P<0.05, %% P<0.01.
3 itig

TR R 25 (A1 A 8 )RR AEF T, W3F 3 40 J2 32 R 37 8 IR A KUK B R T ok <,
TEAS A R 0, B SR8 LRIV IE 25 L8030 )7 Y4910 45 J2 TR BE T RE M , 10— R ) S Mg T ok A 24
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