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L. Jurasico autumn 
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L. Xihu autumn 
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Fig. S1. Water column profiles of Fildes Peninsula lakes. Temp = temperature. Spec. cond. = specific 

conductivity. Diss. O2 = dissolved oxygen. Note the differing x and y axis scales. 
 
 
 
 
 
 
 
 
 
 
 
2 

 



D
ep

th
 (m

) 

D
ep

th
 (m

) 
D

ep
th

 (
m

) 

D
ep

th
 (

m
) 

 
 
 
 
 
 

L. Uruguay spring 
 

Temp (°C) / pH 

0  1  2  3  4  5  6  7  8  
0  Ice 

2 

4 

6 

8 

10 

12 

 
 
 
 
 
 

L. Uruguay autumn 

Temp (°C) / pH 
 

9  0  1  2  3  4  5  6  7  8  9 
0 

2 

4 

6 

8 

10 

12 

 
 
 
 
 
 

L. Kitiesh spring 

Temp (°C) / pH 

0  1  2  3  4  5  6  7  8  
0  Ice 

2 

4 

6 

8 

10 
0  100  200  300  400 

 
 
 
 
 
 

L. Kitiesh autumn 
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L. Hotel spring  L. Hotel autumn 
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Fig. S1 cont’d. Water column profiles of Fildes Peninsula lakes. Temp = temperature. Spec. cond. = 

specific conductivity. Diss. O2 = dissolved oxygen. Note the differing x and y axis scales. 
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Fig. S2. Rarefaction curves for spring (a) and autumn (b). 
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Table S1. Volume of water filtered for pigment  and 

DNA extraction. NA: not available. 
 
 

Lake  Season 

 
Volume  Volume 

filtered for  filtered for 
phytoplankton  bacterioplankton 

(ml)  (ml) 
 

Mondsee 
 
 

Jurasico 
 
 

Uruguay 
 
 
Kitiesh 
 
 

Hotel 

 
Spring  700  1000 

Autumn  345  588 

Spring  700  1000 

Autumn  1000  1000 

Spring  700  1000 

Autumn  690  1000 

Spring  NA  1000 

Autumn  420  725 

Spring  250  750 

Autumn  215  250 

Las Spring 500 1000 
Estrellas 

Autumn 950 1000 
 
Xihu 

Spring  500  750 

Autumn  500  1000 
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Table S2. Chlorophyll concentration (ng L-1). Chl-a: Chlorophyll a, Chl-b: Chlorophyll b, Chl-c1: Chlorophyll c1, 

MgDVP: Mg-3,8-divinyl-pheoporphyrin a5 monomethyl ester. NA: not available. 
 
 

Lake Season Chl-a Chlorophyllide a Chl-b Chlorophyllide b Chl-c1 MgDVP Pheophorbide a Pheophytin a 
 
Mondsee Spring 649.97 179.78 48.87 4.10 0.00 0.00 0.00 128.58 

Autumn 657.06 71.63 44.72 0.00 0.00 2.41 87.47 150.03 

Jurasico Spring 132.24 17.50 5.92 0.00 0.00 0.00 0.00 45.91 

Autumn 433.82 60.43 40.31 3.38 7.44 0.90 0.00 42.44 

Uruguay Spring 213.69 72.02 18.33 0.00 0.00 0.00 0.00 38.49 

Autumn 440.85 87.86 32.61 7.12 0.00 0.00 0.00 64.91 

Kitiesh Spring NA NA NA NA NA NA NA NA 

Autumn 783.40 83.93 45.18 0.00 0.00 10.78 0.00 205.74 

Hotel Spring 45.85 3.28 13.80 0.00 0.00 0.00 0.00 29.29 

Autumn 9606.82 246.37 202.62 0.00 0.00 0.00 1943.87 1454.68 

Las 
Estrellas Spring  199.27  0.00 

Autumn  700.96  0.00 

9.05  0.00  0.00 

28.99  0.00  0.00 

0.00  0.00  0.00 

0.00  0.00  26.38 

Xihu Spring 117.97 43.38 18.28 0.00 0.00 0.97 0.00 18.77 

Autumn 579.74 51.99 37.65 0.00 0.00 7.77 0.00 94.89 
 



 
 
 
 
 
 
 
 
Table S3. Unknown carotenoid concentrations with the absorption maxima and retention times (ng L-1). NA: 

not available, ND: not detectable. 
 
Unk. 

Unk. Unk. Unk. Unk. Unk. Unk. Unk. Unk. Unk. carotenoid Unk. 
Lake Season carotenoid carotenoid carotenoid carotenoid carotenoid carotenoid carotenoid carotenoid carotenoid 416, 440, carotenoid 

455, 480 nm 470 nm 460 nm 475 nm 475 nm 450 nm 470 nm 500 nm 440, 470 nm 470 nm 475 nm 
8.43 min 11.80 min 12.00 min 15.90 min 17.80 min 19.30 min 20.90 min 27.30 min 28.40 min 29.60 min 30.90 min 

Mondsee Spring 0.00 0.00 9.60 0.00 12.76 0.00 0.00 0.00 1.63 0.00 0.00 

Autumn 0.00 3.68 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Jurasico Spring 3.78 8.16 0.00 0.00 2.90 0.00 0.00 0.00 0.00 0.00 0.00 

Autumn 4.88 4.61 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Uruguay Spring 0.00 0.00 9.57 0.00 10.00 0.00 0.00 0.00 0.97 2.55 0.00 

Autumn 0.00 4.42 0.00 0.00 0.00 1.38 0.54 0.00 0.00 0.00 0.00 

Kitiesh Spring NA NA NA NA NA NA NA NA NA NA NA 

Autumn 0.00 6.31 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Hotel Spring ND ND ND ND ND ND ND ND ND ND ND 

Autumn 0.00 0.00 29.69 0.00 20.46 0.00 0.00 0.00 0.00 0.00 0.00 
Las 
Estrellas 

 
Spring  0.00  5.90 

 
Autumn  0.00  4.27 

 
0.00  5.55  0.00  0.00 

 
0.00  3.29  0.00  0.00 

 
3.16  24.56  1.34  3.02  4.92 

 
0.00  0.00  0.00  0.00  0.00 

Xihu Spring 0.00 13.65 0.00 0.00 5.17 0.00 0.00 0.00 0.59 0.00 0.00 
Autumn 0.00 5.22 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

 



 
 
 
 
 
 
 
 
 

Table S4. Carotenoid concentrations (ng L-1). NA: not available, ND: not detectable. 
 
 

Lake  Season   Antheraxanthin   Astaxanthin    β,β-carotene   β,ℇ-carotene 

 
 

9-cis- 19-hex- 
neoxanthinDiadinoxanthin DinoxanthinFucoxanthin  fucoxanthin 

 
 

Lutein  Peridinin  Zeaxanthin  Violaxanthin 
 
Mondsee Spring 0.00 8.47 6.76 1.41 13.50 6.52 0.00 27.57 3.60 56.24 7.38 5.12 14.28 
 

Autumn 0.00 0.00 4.11 0.31 8.42 2.78 0.00 9.37 5.91 48.37 0.00 3.40 9.14 
 
Jurasico Spring 0.00 0.00 2.99 0.00 1.62 0.73 0.00 13.43 10.00 5.28 0.00 3.07 7.86 
 

Autumn 0.00 13.28 4.57 0.00 12.53 0.64 0.00 24.44 2.59 26.30 0.00 3.83 7.64 
 
Uruguay Spring 0.00 5.31 5.22 0.00 2.64 4.77 3.03 17.94 4.16 13.66 7.36 2.56 6.79 
 

Autumn 0.00 20.02 2.74 0.00 9.93 3.48 1.89 8.30 4.27 46.51 2.03 1.95 8.78 
 
Kitiesh Spring 0.00 NA NA NA NA NA NA NA NA NA NA NA NA 
 

Autumn 0.00 4.43 8.66 0.00 11.76 8.94 4.41 29.73 4.36 58.61 0.00 5.39 22.96 
 
Hotel  Spring 
 

Autumn 

 
ND 

 
15.89 

 
ND  ND  ND  ND 

 
98.75  90.48  0.00  171.61 

 
ND  ND  ND  ND 

 
81.00  0.00  0.00  39.81 

 
ND  ND  ND  ND 

 
932.34  0.00  54.08  186.37 

Las 
Estrellas 

 
Spring  0.00  24.29  1.38 

 
Autumn  0.00  13.80  0.00 

 
0.00  0.00  0.00  0.00 

 
0.00  13.44  0.00  0.00 

 
3.12  0.00  2.99  8.48  1.75  5.61 

 
17.61  12.33  51.55  0.00  2.84  9.32 

 
Xihu Spring 0.00 1.14 1.60 0.00 2.32 1.62 0.00 2.40 0.00 10.51 4.09 1.75 15.83 
 

Autumn 0.00 0.00 2.80 0.00 9.00 0.60 0.00 14.47 4.11 31.98 0.00 1.98 6.78 
 



 
 
 
 
 
 
 
 

Table S5. LCBD: Local contribution to beta 
diversity. Values in bold are significant prior to  
Holm’s correction for multiple testing (p < 0.05),  
and those in bold and with an asterisk are still  
significant after correction. NA: Not available, ND:  
Not detectable. 

LCBD LCBD 
Lake Season Pigments Bacterioplankton 

 
Mondsee Spring 0.072 0.102 
 
Jurasico Spring 0.311 0.129 
 
Uruguay Spring 0.066 0.124 

Kitiesh Spring NA 0.095 
 
Hotel Spring ND 0.212* 

Las 
Estrellas Spring 0.395* 0.228* 
 
Xihu Spring 0.156 0.11 
 
Mondsee Autumn 0.095 0.115 
 
Jurasico Autumn 0.169 0.119 
 
Uruguay Autumn 0.117 0.143 
 
Kitiesh Autumn 0.085 0.081 

Hotel Autumn 0.255 0.297* 

Las 
Estrellas Autumn 0.112 0.161 
 
Xihu Autumn 0.167 0.084 
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Table S6. Spearman correlation matrix with the R2 values between unknown and identified pigments. Values in 
bold are significant prior to Holm’s correction for multiple testing (p < 0.05), and the one in bold and with an 
asterisk are still significant after correction. 

 
 Unk. carotenoid 

455, 480 nm 
8.43 min 

Unk. carotenoid 
470 nm 
11.80 min 

Unk carotenoid 
460 nm 
12.00 min 

Unk. carotenoid 
475 nm 
15.90 min 

Unk. carotenoid 
475 nm 
17.80 min 

Unk. carotenoid 
450 nm 
19.30 min 

Unk. carotenoid 
470 nm 
20.90 min 

Unk. carotenoid 
500 nm 
27.30 min 

Unk carotenoid 
440, 470 nm 
28.40 min 

Unk. carotenoid 
416,  440, 470 nm 
29.60 min 

Unk. carotenoid 
475 nm 
30.90 min 

MgDVP 0.11 0.42 -0.46 -0.36 -0.35 -0.24 -0.36 -0.24 -0.39 -0.36 -0.24 
Chl-c1 0.74 -0.32 -0.17 -0.13 -0.21 -0.09 -0.13 -0.09 -0.21 -0.13 -0.09 
Peridinin -0.36 0.13 0.28 0.26 0.12 0.15 0.53 0.54 0.93✲ 0.66 0.54 
Fucoxanthin 0.22 -0.21 0.01 -0.16 -0.32 -0.22 -0.39 -0.31 0.04 -0.10 -0.31 
9-cis- 
neoxanthin 

-0.09 -0.36 0.49 -0.18 0.26 0.04 -0.35 -0.48 -0.26 -0.53 -0.48 

Violaxanthin -0.26 0.05 0.33 -0.30 0.58 -0.04 -0.41 -0.48 -0.17 -0.59 -0.48 
19-hex- 
fucoxanthin 

-0.04 -0.36 0.19 -0.08 0.11 0.04 -0.32 -0.44 -0.64 -0.38 -0.44 

Astaxanthin -0.16 -0.12 0.36 0.47 0.09 0.31 0.53 0.40 0.16 0.29 0.40 
Diadinoxanthin 0.12 -0.50 0.66 -0.65 0.48 -0.04 -0.38 -0.44 -0.03 -0.20 -0.44 
Dinoxanthin -0.25 0.17 0.04 -0.25 -0.39 0.40 0.13 -0.17 -0.03 0.21 -0.17 
Antheraxanthin -0.13 -0.32 0.63 -0.13 0.57 -0.09 -0.13 -0.09 -0.21 -0.13 -0.09 
Alloxanthin -0.37 -0.44 0.67 0.18 0.21 -0.22 -0.11 0.04 0.21 0.12 0.04 
Zeaxanthin 0.20 -0.54 0.48 -0.34 0.30 -0.31 -0.52 -0.39 -0.30 -0.40 -0.39 
Lutein -0.37 -0.15 0.43 -0.24 0.20 0.04 -0.35 -0.48 -0.32 -0.53 -0.48 
β,ℇ-carotene -0.20 -0.28 0.30 -0.20 0.23 -0.13 -0.20 -0.13 0.32 -0.20 -0.13 

β,β-carotene 0.08 -0.50 0.66 -0.64 0.35 -0.22 -0.46 -0.39 -0.04 -0.17 -0.39 

Chl-b -0.22 -0.24 0.49 -0.40 0.22 -0.04 -0.34 -0.39 -0.21 -0.46 -0.39 
Chl-a -0.43 -0.11 0.43 -0.16 0.12 -0.04 -0.27 -0.31 -0.25 -0.39 -0.31 

 



 
 
 
 
 
 

Table S7. Spearman correlation matrix with the R2 values between unknown pigments. Values in bold are 
significant prior to Holm’s correction for multiple testing (p < 0.05), and those in bold and with an asterisk are still 
significant after correction. 

 
 Unk. carotenoid 

455, 480 nm 
8.43 min 

Unk. carotenoid 
470 nm 
11.80 min 

Unk carotenoid 
460 nm 
12.00 min 

Unk. carotenoid 
475 nm 
15.90 min 

Unk. carotenoid 
475 nm 
17.80 min 

Unk. carotenoid 
450 nm 
19.30 min 

Unk. carotenoid 
470 nm 
20.90 min 

Unk. carotenoid 
500 nm 
27.30 min 

Unk carotenoid 
440, 470 nm 
28.40 min 

Unk. carotenoid 
416,  440, 470 nm 
29.60 min 

Unk. carotenoid 
475 nm 
30.90 min 

Unk. carotenoid 
455, 480 nm 
8.43 min 

 
1.00 

 
-0.47 

 
-0.25 

 
-0.20 

 
0.01 

 
-0.13 

 
-0.20 

 
-0.13 

 
-0.31 

 
-0.20 

 
-0.13 

Unk. carotenoid 
470 nm 
11.80 min 

 
-0.47 

 
1.00 

 
-0.60 

 
0.28 

 
-0.30 

 
0.14 

 
0.35 

 
0.32 

 
0.02 

 
0.04 

 
0.32 

Unk. carotenoid 
460 nm 
12.00 min 

 
-0.25 

 
-0.60✲ 

 
1.00 

 
-0.25 

 
0.61 

 
-0.17 

 
-0.25 

 
-0.17 

 
0.40 

 
0.13 

 
-0.17 

Unk. carotenoid 
475 nm 
15.90 min 

 
-0.20 

 
0.28 

 
-0.25 

 
1.00 

 
-0.31 

 
-0.13 

 
0.50 

 
0.74 

 
0.23 

 
0.50 

 
0.74 

Unk. carotenoid 
475 nm 
17.80 min 

 
0.01 

 
-0.30 

 
0.61✲ 

 
-0.31 

 
1.00 

 
-0.21 

 
-0.31 

 
-0.21 

 
0.25 

 
-0.31 

 
-0.21 

Unk. carotenoid 
450 nm 
19.30 min 

 
-0.13 

 
0.14 

 
-0.17 

 
-0.13 

 
-0.21 

 
1.00 

 
0.60 

 
-0.09 

 
-0.21 

 
-0.13 

 
-0.09 

Unk. carotenoid 
470 nm 
20.90 min 

 
-0.20 

 
0.35 

 
-0.25 

 
0.50 

 
-0.31 

 
0.60✲ 

 
1.00 

 
0.74 

 
0.23 

 
0.50 

 
0.74 

Unk. carotenoid 
500 nm 
27.30 min 

 
-0.13 

 
0.32 

 
-0.17 

 
0.74✲ 

 
-0.21 

 
-0.09 

 
0.74✲ 

 
1.00 

 
0.47 

 
0.74 

 
1.00 

Unk. carotenoid 
440, 
470 nm 28.40 min 

 
-0.31 

 
0.02 

 
0.40 

 
0.23 

 
0.25 

 
-0.21 

 
0.23 

 
0.47 

 
1.00 

 
0.62 

 
0.47 

Unk. carotenoid 
416, 440, 470 nm 
29.60 min 

 
-0.20 

 
0.04 

 
0.13 

 
0.50 

 
-0.31 

 
-0.13 

 
0.50 

 
0.74✲ 

 
0.62✲ 

 
1.00 

 
0.74 

Unk. carotenoid 
475 nm 
30.90 min 

 
-0.13 

 
0.32 

 
-0.17 

 
0.74✲ 

 
-0.21 

 
-0.09 

 
0.74✲ 

 
1.00✲ 

 
0.47 

 
0.74 

 
1.00 

 



 
 
 

Table S8. Bacteria indicator species for spring. The closest relative in GeneBank, the environment where it was found, the identity 

percentage and the accession number is indicated. 



 
 
 
 

Table S9. Bacteria indicator species for autumn. The closest relative in GeneBank, the environment where it was found, the identity 

percentage and the accession number is indicated. 


