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Long-term patterns of algal changes in response to climate change and atmospheric dep-
osition in alpine lakes along the southeastern margin of Tibetan Plateau”
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Abstract; Alpine lakes are often located remotely without the direct impacts of human activities, and usually characterized by small
size, low nutrient level, and simple trophic structure, and thus being highly sensitive to climate change and nutrient inputs. Along
the southeastern margin of Qinghai-Tibet Plateau, there exists a high flux in nitrogen deposition and a significant increase in tem-
perature. Previous studies had shown that there might exist regional heterogeneity in lake responses in this area that can be linked

with lake types and landscape features. In this study, three small-sized lakes ( Gaigong Cuona, Wodi Co and Bigu Tianchi) with
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different water depths, all of which are slightly alkaline and located below the tree line, were selected for sediment surveys and
comparative analyses. Multi-proxy analyses, including sample dating, physio-chemical and algal indicators (e.g., diatom assem-
blage and algal pigments) , were carried out in combination with data collation on quantitative reconstruction of regional climate and
nitrogen deposition, aiming to evaluate the degree of concordance in algal changes over the last three centuries and the mediating
effect of lake depth among lakes. The results showed that there were significant differences in the dominant diatom species and com-
position of diatom community across lakes. The diatom community was dominated by plankton species ( ~ 82% ) in Gaigong Cuona
(maximum depth=39.4 m) , including Pantocsekiella ocellata and P. comensis. In Wodi Co ( maximum depth=20.7 m) , plank-
tonic and benthic taxa accounted for about 50% of the community, respectively, and the dominant species were Pantocsekiella ocel-
lata and Staurosira construens. In contrast, benthic diatoms ( ~ 99% ) was highly dominant in the shallowest lake of Bigu Tianchi
(maximum depth = 1.7 m), including Achnanthidium minutissimum and Encyonopsis microcephala. In both deep-water lakes
( Gaigong Cuona and Wodi Co) , the diatom composition showed no significant shift but the primary production (i.e., pigments)
displayed a continous increase over the past 300 years. Meanwhile, the diatom community in the shallow lake ( Bigu Tianchi)
showed obvious changes while the pigment concentration showed a general trend of declining. Specifically, the relative abundance
of Achnanthidium minutissimum increased and became the dominant species since ~1968. It was further shown that environmental
factors may differ strongly in driving diatom assemblages across lakes. The diatom community was mainly affected by hydrological
fluctuations in Gaigong Cuona, but was mainly related to total nitrogen (TN) in both Wodi Co and Bigu Tianchi. Along the depth
gradient, TN had a stronger effect on diatom community in shallower lakes. Regarding the driving factors of lake primary produc-
tion, the hydrological and temperature changes were significant in Gaigong Cuona, TN and temperature factors were obvious in Wo-
di Co, and the hydrological and TN fluctuations were important in Bigu Tianchi. In conclusion, the algae succession in alpine lakes
was found to be significantly linked with lake typology such as water depth, and there may exist a higher degree of sensitivity in al-
gal changes in shallow-water lakes in response to regional warming and atmospheric deposition in Southeast Tibet Plateau.

Keywords: Tibetan Plateau; alpine lakes; climate change; atmospheric deposition; sediment; algal pigment; diatoms
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Fig.1 Maps showing lake location (a), bathemetry and sampling sites of Gaigong Cuona (b),
Wodi Co (c¢) and Bigu Tianchi (d)
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Tab.1 Key environmental characteristics of Gaigong Cuona, Wodi Co and Bigu Tianchi
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Fig.4 Stratigraphic profiles showing long-term variations in key physico-chemical proxies, algal pigments,

dominant diatoms ( species with relative abundance >5% ) ,
clustering analysis results for Gaigong Cuona (a), Wodi Co (b) and Bigu Tianchi (c¢),

diatom PCA scores with

respectively
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DUBVE I 4% Z W EAE 0.03~0.09 pg/g org ((0.06+0.02) pg/g org) , MHERER WL BALE T REEH . K
TURRER AR 2 2% 5 DU FL TG 38 2 238 Mol /b g
2.3 3R R A R T AT
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microcephala ) % ; 3T 300 AF WA — B LURHIRE BN £

Tk BT YA 50 1) S 2040 A (PCA) VARG 6 25 R T, 3 2 8 A R R e 8 T T v 0 S 1R o
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TGN (3.5% ), S A SLAR AR ZE NG Kb (4.8% ) AR, 1M TN 7K 3C Ul 3 2R N1 AR L
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BF(5.5%)



K OEEF.ERBREAEDED LG E LN SR T A KA ITEG KRS 2163

12 o 1.6 ©
a ° C
Sosk e Ry $ Loy
= = = 08+
[ ] o0 . < <€
g 04t oo g ” 3 S oal ®
a * o---" e =5
® ool ISP i &= ol
W e - & &
T _ 04l e . = 2-04F
s . P " B ®e o
RS . & -0.8 .
0.8 o =016 | B Z L r=-0.388° o
#H e *  P5005 Koo e P<0.001 | ®h P<0.01
1 12 1 1 1 1 1 | 1.6 1 1 1 1
1.6 2.0 2.4 2.8 32 3.6 4.0 4.4 12 14 16 18 20 22 24 26
TN/(mg/g) TN/(mg/g)
2.0 S 1.6
& 16 . & 12O
o b
= 12 e =
S ogf o :
% 08F e R %%_&
"'& 0.4 . S, _.'. "ﬁ
T 0f, et g™ 2
Eo04F ¢ ¢ it o o
Hogls e e o013 | E e =030
K- ® e T P>005| U P<0.05
12 1 1 1 1 1 | 1.6 1 1 1 1 1
6.4 6.8 7.2 7.6 8.0 8.4 8.8 9.2 7 8 9 10 11 12 13
FPAERAR/um rPE kAR /um
(© () . osf
/i: g ° | ° & 080 @ °
S osp . §E 1.6 S tel .
= = 12f . S o4k
(L ] ° B o
5 0.4 o.f ° o 6 0.8+ . 5 0.2+ o
& .. & . -8
® o 7 e B 04k o e _® = Or
= e e - R I S A N - e
T 04l . . 7 or ;;‘ Ld . 2-041
i 0 ® HE_04f %R o o ¢ K-0.6F S e,
08t r==035 | 2 ol eee r=0.18 FE-0.81 r==038 o
#H P>0.050 | RTUOL e o P>0.05 #-1.01 P<0.05 ®®
-12 1 1 1 1 -12 1 1 1 1 1 1 -1.2 1 1 | 1 1
54 56 58 60 62 64 6.6 525456586062 6.4 6.6 52545658 6.0 62 6.4 6.6
il /e i/

Bl S SiAHEM (a,d,g) GRIEE (b,e,h) FETHRIM (¢, f,1) il PCAL £33 5
34> EEEIRETRR I I AR OGO A A 1A
Fig.5 Scatter plots showing the relationship between diatom PCA1 scores and major environmental

gradients in Gaigong Cuona(a,d,g), Wodi Co(b,e,h) and Bigu Tianchi(c,f,i), respectively
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past 300 years in Gaigong Cuona (a,d), Wodi Co (b,e) and Bigu Tianchi (c¢,f), respectively
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