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ALTITUDINAL ZONATION OF MOUNTAINOUS 
DIATOM FLORA IN BOLIVIA: 

APPLICATION TO THE STUDY OF THE QUATERNARY 

BY 

S. SERVANT-VILDARY 
LABORATOIRE DE GkOLOGIE DU QUATERNAIRE, UNIVERSITk MARSEILLE, FRANCE 

A methodology is proposed to determine temperature variations during the past 
by studying altitudinal assemblages in,the living diatom flora. A loçal zonation k e a -  
tablished, according to the distribution of diatom assemblages in a series of lakes located 
at different altitudes within the same valley. Changes in the altitudinal position of these 
assemblages in the core enable one to evaluate temperature variations during the Rol- 
ocene. 

Introduction 

The Ichu Kkota glacial valley (16O15 Lat. 69'30 Long.) is located at the 
foot of numerous glaciers reaching an altitude of 5500 meters (Fig. 1). I n  con- 
nection with the last deglaciations, four lakes were formed behind the corre- 
sponding moraines ranging in age from approximately 15 O00 t o  late Holocene 
[4]. They are located a t  4310 m, 4450 m, 4690 m, and 4900 m respectively 
(Fig. 2). The catchment area is composed of Paleozoic rocks and Quaternary 
moraines; the feed waters are essentially glacial run-off and meteoric water [2]. 

Chemical analysis indicate a very low concentration of dissolved salts 
(Table I). The ortograde distribution of dissolved oxygen, the low biomass and 
the hypolimnionlepilimnion ratio greater than 20 allow one t o  classify them as 
typical oligotrophic lakes. From the upper lake t o  the lower, the thermal dif- 
ference of the water is 10 OC. [l]. 

\ 
The Living DiatomzAssemblages 

The diatom flora analysis is made on the basis of recent sediment samples 
(when possible duplicated by an Isoetes sample taken in the same place), col- 
lected from the littoral zone, 10-20 cm under the water level. Two sediment 
samples come from slope moors located at  an altitude of 4850 and 4200 meters 
where the aquatic vegetation is essentially composed of Isoetes and Sciaromum. 
About 122 taxons have been identified, the most abundant genera are: in the 
lakes, Achnanthes, Cyclotella, Cymbella, Fragilaria, an 
moor, Melosira, Pinnularia, and Su 
the slope moor, contain many diatoms. In  the 
aquatic vegetation, the diatom flora is very POO 
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Fig. 1. Geographic location 

Glaciers l i m i t s  
Studied lakes 

6 Glaciar lake 
5 Slope moor 
4 Jankho Kkota lake 
3 Kkotia lake 
2 =ara n o t a  lake 
1 Slope moor 
0 Samples + Khara Kkota Core 

Figure 3 shows quantitative frequency variations of diatom species ac- 
cording to  site location and altitude. 

As seen on this figure, a number of species (56) are strictly restricted to 
certain lakes. AU the species found in the same lakes are considered as diatom 
assemblage characteristic of the corresponding altitude. From the four lakes 
and two peat bogs studied, we have named six assemblages A, B, C, D, E, F 
(Fig.$). , 

The other species (66) have a large altitudinal distribution. They have 
been classified into different assemblages, a, b, c, d, e, f, each one being defined 
by a specific upper limit. The actual altitudinal distribution of these assemblages 
and the list of the corresponding species are represented in Fig. 5. 
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Table I 

Water chemical composition of the Ichu Kkota lakes 

. 

Jnncko Kkotn 

/ GRADIENT 

5,80 
6.83 

27 
0.10 
8.64 
0.00 
1.04 
0.39 
3.04 
0.73 
4.10 

18.04 
115 
21.4 

Khotin 

7,80 
7.03 

42 
0.16 

12.96 
0.00 
1.84 
0.39 
4.46 
0.97 
4f.30 

25.08 
65 
2.2 

Khnrn Kkotn 

9,20 
7.12 

52 
0.20 

14.40 
0.00 
2.07 
0.78 
5.47 
1.09 
3.40 

27.41 
40 

<0.1 

5000]m 

4900 m Glaciar Lake 
4850 m 

4690 m L.Jankho Kkota 

4600 

N- 22% 4 / 
/ 

40001 / 

T X  TDS PH 

Fig. 2. Profile of the valley 

dcfa Geologica Academiae Scienliarum Huhgaricae 25, 1982 



182 SERVANT-VILDARY, S. 

The Fossil Diatom Assemblages 

A nine meter core was taken in the valley previously studied for living. 
diatoms (cf. Part One) near Khara Kkota lake at 4310 meters altitude 
From the base to  the top: 

930-610 cm: Clay 
930-920 No diatoms 
890-610 Very rich in diatoms. Cocconeis and Epithemia are dominant. 

580-325 cm: Clay with plant remains’ 

290-225 cm: Peat 

175 cm: Sand 

150 em: Peat 

. Abundant diatoms. Fragilaria, Cocconais, Cyclotella are dominant. 

Abundant diatoms. Fragilaria, Cocconeis are dominant. 

Few diatoms. Fragilaria pinnata dominant. 

No diatoms. Radiocarbon data: 3120 f 150 years Bp. (J. C. FONTES, person- 
al communication). 

140-40 cm: Clay 
140-100 Verv abudant diatoms. Diaioma and Melosira are dominant. 
85-40 Few diatoms. Melosira and Achnanthes are dominant. 

some fragments of frustulae. 
25-15: Clayey and 

The quàternary diatom flora presented in alphabetical arrangement in Table II 
can be classified into three groups: 

The first one is characterized by some of the species found in assemblages 
A, B, C, D, E, F (see the list of the species in legend of Fig. 6). In this figure, 
are shown the quantitative frequency variations of each ‘assemblage along the 
core. Assemblage D is preferentially developed in the middle part of the core 
(490 to 150 cm). Assemblage B is well developed in the upper part (140 to 40 
cm). In the lower part of the core the assemblages are poorly represented. 

The second group is characterized by some of the species found in assem- 
blages a, b, c, d, e, f (see the list of the species in legend of Fig. 7). This figure 
shows the quantitative frequency variations of these assemblages along the 
core. Assemblage “d” is well developed from 790 to 290 cm and from 240 to  
175 ‘cm. Assemblages “c” is abundant from 140 to 85 cm. 

The third group is composed by species which do not presently live in the 
lakes. As in the two other groups, it includes cosmopolitan and psychrophilic 
species. The quantitative variations of these last species is very interesting to  
study, (Fig. 8 No. 7), see Part Three. 

What is the significance of the variations seen in Figs 6 and 7 ? In the 
middle part of the core where assemblage “D” is preferentiallay abundant; dia- 
tom assemblages of the lake were at  that  time similar to those found in the 4450 
meters lake today. In the top part of the core dated 3120 f. 150 years BP, as- 
semblage “BB” becomes well developped showing conditions similar to those 
found in the 4850 m lake. 

4 
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i Interpretation 

I n  order t o  understand the meaning of these changes, we have charac- 
terized each level by the percentage value of the most developed assemblage 
(Fig. 8 No.4). With respect t o  the position of the core a t  4310 m and considering 
that temperature falls 0.8 ‘C/lOO meters, we have deduced temperature fluctua- 
tions for each level (Fig. 8 No. 6). For example, in samples 40 and 85, assemblage 
“B” is well developed, “B” represents the actual diatom assemblage at  4850 m. 
Considering that the core is at  4310 m, the position of assemblage “By’ descends 
540 m in altitude, from 4850 to 4310 m. This should represent temperature 
drop of 4 OC. I n  the levels 100,275,500 and 530 and in the lower part of the core, 
no assemblages (A, B, C, etc) is well developped, but the assemblages a, b, C, 
etc. can be important, in these cases temperature fluctuations cannot be evalu- 
ated with precision. 

the fossil diatom flora not considering their ecological requirements. On the 
other hand, if we plot the percentage of psychrophilic diatoms (according to  
global ecological information), we get a curve (Fig. 8 No. 7) which is very similar 
to the previous curves of B and D assemblages in Fig. 6. 

- 

1 The above analysis is based on a direct comparison between the living and 

Discussion 

This striking picture seems t o  be a result of the exceptional conditions of 
the studied lakes situation. As a matter of fact, it is rather rare to find an en- 
vironment in which one can advance an hypothesis about the preeminant role 
of altitude (or others factors which are directly associated with it) on the diatom 
flora. One can nevertheless admit that the factors which habitually play a 
determinant role (chemical factors, pH, depth) can here be neglected. 

On the other hand, by the position of the core and the absence of tectonic 
phenomena one may think that the observed variations in the sedimentary 
column, registered the same phenomena as those determined today. For this 
reason, it was possible t o  confront directly present and past data and t o  obtain 
such a good correlation. This study will soon be clarified by a second series of 
samples, and by a study in a neighbouring valley, the Ovejhuyo valley, in which 
vegetational belts defined in the aquatic flora are identical as those from Ichu 
Kkota valley. The pollen analyses are under proceeding t o  complete these 
results. 
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Fig. 3. List of living diatoms 

Achnanthes Bory 
. a f f i n i s  Grun. 

f raudulenta  C 1 .  E. 

y i b b e m l a  Grun. 

bungarica Grun. 

lanceola ta  Bréb. 

lapponica n i n k e i  Pat r ick  

microcephala Kiitz. 

minutissima Kütz. 

Caloneis Cleve 
a l p e s t r i s  Gran. Cleve 

patagonica C1. 

s i l i c u l a  (Ehr.) C 1 .  

A l  t i t u d e  

L i s t  of species Samples 

Ceratoneis Ehr. 
arcus (Ehr.) KÜtz. 

arcus amphyoxys Rbh. 
- 1  

Cocconeis Ehr. 
placentu la  Ehr. 

Cyclo te l la  Kütz. 
k u t z i n y i a n a  Thw. 

p s e u d q s t e l l i g e r a  Hust. 

s t e l l i g e r a  (Cl.) Grun. 

Cymbella Agardh. 
a f f i n i s  Kütz. 

aspera (Ehr.) C1.  

c i s t u l a  (Hemp.) Grun. 

e w b i f o m i s  (KÜtz.) V. Heurck. 

graci l is  (Rbh.) Cleve 

he terapleura  (Ehr.) Kiitz. 

1 
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20 - 50 % 
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l u n a t a  Smith 

microcephala  Grun. 

m u l l e r i  j a v a n i c a  Hust. 

n o r v e g i c a  Grun. ' 

t u r y i d a  (Greg.) Cleve 

v e n t r i c o s a  KÜtz. 

Diatoma D e  Candolle 
hiemale  (Lingb .) Heiberg 

h i e m a l e  mesodon (Ehr.) Grun. 

D i p l o n e i s  Ehr. 
o v a l i s  (Hi l se)  Cleve 

Epi themia  B d b .  
t u r y i d a  (Ehr.) K Ü t z .  

Eunot ia  Ehr. 
a r c u s  Ehr. 

e x i g u a  (Brdb.) Grun. 

p o l y d e n t u l a  p e r p u s i l l a  Grun. 

p r a e r u p t a  Ehr. 

s u d e t i c a  ( O .  Mull . )  Hust. 

t r i d e n t u l a  perminuta  Grun. 

v a l i d a  Hust. 

F r a g i l a r i a  Lyngbye 
b r e v i s t r i a t a  Grun. 

c o n s t r u e n s  (Ehr.) Grun. 

Construens  v e n t e r  (Ehr.) Grun. 

c r o t o n  e n s i s  K i t  ton 

i n t e r m e d i a  Grun. 

p i n n a t a  Ehr. 

v i r e s c e n s  Ralfs .  

4900 4850 4690 4450 4310 4200 

12 t l  

c= 

7 6  9 4 

c 

. 

- 

U 
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Fzus tu l i a  Agardh 
Frenquel l i  Mang. 

rhomboïdes (Ehr.) De Toni 

v u l g a r i s  Thwaites 

Gomphonema Agardh. 
acuminatum (Ebr.) 

acuminatum coronata  (Ehr.) W. Smith 

anqustatum (KÜtz.) Rabenh. 

imperfecta  Mang. 

i n t r i c a t u m  pumila Grun. 

l ong iceps  g r a c i l i s  Hust. 

parvulum lagenula  (Grun.) Hust. 

parvulum micropus (KÜtz.) Cleve. 

Melosira  'Agardh. 
d i s t a n s  (Ehr .; KÜtz. 

d i s t a n s  a lp igena  Grun. 

pataqonica ( O .  Mull . )  Freng. 

Meridion Agardh. 
c i r c u l a r e  c o n s t r i c t a  (Ralfs.) v .  Heurck. 

Navicula Bory. 
contenta  Grun. 

C h a r l a t i i  H. Perag. 

cryptocephala  K Ü t z  . 

cusp ida ta  KÜtz: 

cusp ida ta  ambigua (Ehr.) Cleve. 

l ap idosa  Krasske. 

mutica Kütz. 

mutica n i v a l i s  (Ehr.) Hust. 

pseudoscut i formis  (Hust .) 

4900 4850 4690 

9 8  

- 
c 

c 

c 

- 

c 

4450 

7 . 6 5  

. 

- 
- 

4 

c 

c 

187 ' 

4310 4200 
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radiosa  KÜtz. 

rhynchocephala K Ü C z ,  

seminulum radiosa  Hust.  

subdel ibera ta  Mang. 

Neidium Pfitzer 
a f f i n e  amphirhynchus (Ehr.) Cleve 

a f f i n e  minor Cleve 

apiculatum C . I J .  Reim. 

bisu lca tum (Lagerst.) Cleve 

i r i d i s  i n t e rcedens  A.  Mayer. 

magellanicum Cleve. 

Ni t z sch ia  Hassall 
b i loba ta  an tarc t i ca  Freng. 

den t i cu la  Grun. 

f r u t i c o s a  

, 
ho l l e rupens i s  Foged : 

lacuum Lange. B. 

t hermal i s  l i t t o r e a  Grun. 

Pinnular ia  Ehr: 
bogo tens i s  patagonica Freng. 

b o r e a l i s  Ehr. 

.brauni i  amphicephala ( A .  Mayer ) Hust. 

cruc icu la  Freng. 

dactylus Ehr. 

d e l i c a t a  Freng . 

d iveryens  W. Smith. 

divergent i ss ima (Grun.) Cleve. 

stamoptera (Grun.) Cleve 

l a t a  (Brdb.) Smi th .  

4900 4850 4690 

3 I I  

c 

c 

c 

c 

I 

c 

c 

c 

9 8 

4450 4310 4200 

1 6  5 

s 

. 

c 
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microstauron (Ehr.) Cleve 

microstauron ambigua 

microstauron b r e b i s s o n i i  

parva . l a g e r s t e d t i i  Cleve. 

semicruciata (A.S . )  Cleve .  

s t r ic t l i s s ima Nang. 

subcapi ta ta  Greg. 

S tauroneis  Ehr. 
acuta  W. Smith 

, 
anceps Ehr. 

anceps h y a l i n a  Brun. Perag. 

anceps l i n e a r i s  (Ehr.) Y. Heurck. 

javanica  oblonga östr. 

lapponica A. C1. 

nana H u t .  

phoenicenteron g r a c i l i s .  Dippel. 

s u b t i l i s  Hang. 

S u r i r e l l a  Turpin.  
b i s e r i a t a  Breb. 

cuspidata Hust.  

d e l i c a t i s s i m a  Lewis. 

i s l a n d i c a  östr. 

l i n e a r i s  N. Smith 

Synedra Ehr. , 
goulardi Breb. 

rumpens KÜtz. 

tabula ta  (Ag.) KÜtz. 

Vaucheriae Kütz. 

ulna  amphirhynchus (Ehr.) Grun. 

4900 

13 I I  

=II 

c 

c 

c 

c 

c 

c 

- 

1850 4690 

7 
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4310 4200 4450 
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Fig. 4. Altitudinal position of assemblages in Sichu Kkota valley 

at  4900 meters altitude 

Superficial sediments of the - 
11: superficial sediments of the gla- 

Association A: list of the diatoms only found 

Samples 12: Ice 

Association B: list of the diatoms only found 

Samples 10: Slope moor, superficial sediment 
a t  4850 meters altitude 

ciar lake 

1. Achnanthes fraudulenta 
2. Achnanthes lapponica ninkei 
3. Navicula charlatii 
4. Navicula cryptocephala 

j 5. Navicula lapidosa 
6. Navicula mutica nivalis 
7. Neidium affine amphirhynchu 
8. Neidium iridis intercedens 
9. Nitzschia hollerupensis 

10. Nitzschia thermalis littorae 
11. Pinnularia semicruciata 
12. Stauroneis anceps linearis 
13. Surirella islandica 

15. Achnanthes affinis 
16. Achnanthes gibberula 
17. Cymbella lunata 
18. Diatoma hiemale 
19. Eunotia sudetica 
20. Eunotia tridentula perminuta 
21. Eunotia valida 
22. Melosira distans alpigena 
23. Nadicula contenta 
24. Navicula seminulum radiosa 
25. Nitzschia fruticosa 
26. Synedra tabulata 

Association C: list of the diatbms only found 

Samples 9: Superficial sediments of Jankho- 

Association D: list of the diatoms only found 

Samples 7.5: Superficial sediments KICota 
at 4.690 meters altitude a t  4450 meters altitude 

ICICota lake lake 
’ 8: On Isoetes 6.4: On Isoetes 

27. Cyclotella kuetzingiana 
28. Eunotia arcus 
29. Gomphonema longiceps gracilis 
31. Surirella linearis 

” 32. Nitzschia lanceolata 

Association E: list of the diatoms ohly found 

Samples 3: Superficial sediments IChara 
4310 meters altitude 

ICICota lake 
2: On Isoetes 

39. Fragilaria crotonensis 
40. Gomphonema acuminatum 
41. Meridion circulare constricta 
42. Navicula cuspidata ambigua 
43. Navicula rhynchocephala 
44. Pinnularia delicata 
45. Pinnularia strictissima 
46. Stauroneis javanica oblonga 
47. Stauroneis subtilis 

33. Achnanthes hungarica 
34. Achnanthes microcephala 
34. Cymbella aspera 
36. Fragilaria virescens 
37. Pinnularia microstauron 
38. Cymbella cymbiformis 

Association F: list of the diatoms enly found 

Samples 1: Superficial sediments peat bog 
at  4200 meters altitude 

Khara ICKota 

48. ‘Caloneis silicula 
49. Fragilaria brevistriata 
50. Navicula cuspidata 
51. Neidium affine minor 
52. Neidium apiculatum 
53. Neidium magellanicum 
54. Pinnularia lata 
55. Pinnularia microstauron ambigua 
56. Stauroneis acuta 
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A a  

c c  

4900 in 

4850 m 

4690 in 

D d  4450 m 
pj 
.../ 

I 

Fig. 5. Actual position of the different assemblages 
Restricted species at one altitude 
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- 
A (4900 m) - B (4850 m) - C (4690 m) - D (4450 m) - E (4310 m) - F (4200 m) 

Upper limit at 4900 meters 
Association a 
Cymbella microcephala, Cymbella norvegica, Eunotia exigua, Frustulia frenguelli, Pinnularia 

borealis, Pinnularia microstauron brebissonii, Pinnularia divergens, Stauroneis anceps, 
Synedra vaucheriae. 

Upper limit at 4850 meters 
Association b 
Achnanthes lanceolata, Caloneis patagonica, Ceratoneis arcus, Ceratoneis arcus amphioxis, Cym- 

bella heteropleura, Diploneis ovalis, Fragilaria construens, Frustulia rhomboides, Frustu- 
Zia vulgaris, Navicula subdeliberata, Navicula pseudoscutiformis, Surirella biseriata. 

Non restricted species 

Upper limit at 4690 meters 
Association c 
Cyclotella stelligera, Cymbella affinis, Cymbella turgida, Eunotia polydentula, Eunotia praerupta 

bidens, Diatoma hiemale mesodon, Melosira patagonica, Pinnularia bogotensis, Synedra 
rumpens. 

Upper limit at 4460 meters 
Association d 
Cocconeis placentula, Cymbella cistula, Cymbella cymbiformis, Cyclotella pseudostelligera, Fragi- 

Upper limit at 4310 meters 
Association e 
Pinnularia subcapitata, Synedra goulardi. 
Upper limit at 4200 meters 
f = F .  

Zaria pinnata, Gomphonema intricatum, Navicula radiosa. 

13 Acta Geologica Academiae Sci&iarum Hungaricae 25, I982 
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Y -4 

k--l V- 420 - 
11-14 
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- 560 
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Fig. 6 .  Frequencies of restricted species assemblages along the core 

Quantitative .variation of A 

Achnanthes fraudulenta 
Achnanthes lapponica 
Nnsicula charlatii - . - . . . . 
Navicula cryptocephala 
Navicula lapidosa 275 (0.6) 240 (0.4) 
Navicula mutica nivalis 
Pinnularia semicruciata 
Neidium affine amphirhynchus 40 (1.6) 
Neidium iridis intercedens 
Nitzschia hollerupensis 420 (0.5) ~ 

Nitzschia thermalis littorea 
Surirella islandica 275 (0.6 890 (0.7) 

Acia Geologica dcndemiae Scientiarum Hungaricae 25, 1982 



DIATOM FLORA IN BOLIVIA 

Quantitative variation of B 

Achnanthes aff inis 
8 Achnanthes Zbberula 

Cymbella lunata 140 (0.8) 275 (0.6) 420 (1) 500 (2) 860 (3.5) 
Eunotia valida 
Navicula contenta 
Navicula seminulum radiosa 
Nitzschia fruticosa 
Melosira distans alpigena 40 (18) 85 (8) 140 (21) 275 (4.4) 
Synedra tabulata 
Eunotia tridentula perminuta 

Quantitative variation of  G 

Cvclotella kuetzinpiana 
kunotia arcus 40-(0.4) 
Gomphonema longiceps gracilis 275 (0.6) 500 (2) 480 (1) 

19s 

. . .  

Surirella linearis 
Nizschia lacuum 225 (1) 325 (0.3) 890 (6.4) 

Quantitative variation of D 

dchnanthes microcephala 670 (0.4) 820 (0.7) 860 (0.4) 890 (0.8) 
Aciznanthes hungarica 40 (0.8) 240 (1) 275 (1.2) 325 (0.3) 420 (0.5) 580 (1) 610 (0.5) 670 (0.4) 

Cymbella aspera 140 (0.8) 275 (0.6) 420 (1) 500 (1) 530 (1.7) 670 (0.4) 820 (4.4) 860 (0.4) 890 (0.8) 
Cymbella cymbiformis 240 (2.4,) 290 (3.4) 325 (1.8) 4420 (1.7) 500 (4) 580 (1.6) 890 (0.8) 
Fragilaria wirescens 40 (1.2) 100 (2.2) 175 (10.2) 225 (14~5) 24'0 (11.8) 275 (1.2) 290 (25) 

Pinnularia microstauron 14~0 (0.8) 820 (0.7) 

790 (0.4) 860 (0.4) 

325 (38.3) 370 (18.5) 420 (20.8) 4'80 (6.3) 500 (5.1) 530 (1.7) 670 (0.9) 890 (0.4) 

Quantitative variation of E 

Fragilaria crotonensis 
Gomphonema acuminatum 
Meriddion circulare constrieta 40 (0.4) 275 (0.6) 
Navicula cuspidata ambigua 
Navicula rhynchocephala 670 (0.9) 
Pinnularia strictissima 
Stauroneis javanica oblonga 
Stauroneis subtilis 140 (0.8) 

Quantitative variation of F 

Caloneis silicula 100 (0.5) 
Fragilaria brevistriata 530 (0.1) 
Navicula cuspidata 530 (1) 
Neidium affine minor 
Neidium apiculatum 
Neidium sauramoi 
Pinnularia lata 325 (0.6) 890 (0.4) 
Pinnularia microstauron ambigua 
Stauroneis acuta 100 (1) 

13* 

\ 
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Fig. 7. Frequencies of non-restricted species assemblages along the core 
I Quantitative variation of a 

Cymbella norvegica 40 (0:4) 85 (0.5) 140 (0.6) 275 (0.6) 325 (0.3) 
Cymbella microcephala 40 (0.8) 275 (0.6) 420 (0.5) 500 (1) 530 (0.5) 
Eunotia exigua 140 (0.4) 500 (1) 
Frustuliafrenguelli 40 (0.1) 85 (0.4) 140 (0.8) 175 (1.4) 530 (0.5) 
Pinnularia borealis 40 (2) 85 (1) 100 (3.3) 140 (7.2) 275 (2.5) 
Pinnularia microstauron brebissonii 40 (2.1) 85 (1.5) 100 (3.3) 140 (1.6) 175 (1.2) 
Pinnularia divergens 40 (0.4) 85 (0.6) 100 (4) 
Stauroneis anceps 40 (0.4) 85 (0.6) 100 (1.6) 530 (0.5) 
Synedra vaucheriae 85 (4) 100 (2.2) 140 (0.8) 240 (1.6) 275 (0.6) 325 (1.4) 370 (3.5) 480 (0.5) 

7 

500 (6.1) 670 (0.9) 890 (0.4) 
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Quantitative variation of b 

Caloneis patagonica 85 (2.3) 
Achnanthes lanceolata 40 (3.8) 85 (15.3) 100 (5) 175 (1.4) 225 (4) 290 (5.6) 325 (1.4) 370 (5.6) 

Ceratoneis arcus 85 (0.5 225 (0.4) 275 (0.6) 325 (0.3) 420 (0.5) 500 (2) 610 (0.5) 790 (0.4) 820 (0.7) 

Cymbella heteropleura 40 (0.8) 85 (0.8) 225 (1) 240 (0.4) 325 (0.3) 
Diploneis ovalis 40 (0.4) 100 (1.1) 225 (1) 
Fragilaria construens 40 (2.5) 85 (2.5) 175 (5.8) 240 (1) 325 (0.3) 
Frustulia rhomboides 140 (1.6) 
Navicula subdeliberata 85 (0.5 100 (1) 140 (0.8) 175 (1.4) 275 (0.6) 820 (0.4) 890 (0.4) 
Pinnularia stauroptera 100 (0.5) 140 (1.6) 610 (0.5) 
Ceratoneis arcus amphioxys 325 (0.3) 480 (0.5) 580 (1) 860 (0.4) 
Navicula pseudoscutqormis 85 (0.5) 175 (2.9) 225 (1) 275 (1.4) 325 (0.3) 370 (4.2) 
Surirella biseriata 40 (0.8) 860 (0.4) 890 (0.4) 
Frustulia vulgaris 275 (0.6) 420 (0.5) 

420 (3.5) 480 (1.5) 500 (2) 530 (1.7) 580 (5.3) 610 (0.5) 860 (0.4) 980 (0.4) 

860 (0.4) 

Quantitative variation of c 

Cyclotella stelligera 325 (4.7) 480 (18.6) 500 (11.2) 530 (4.7) 860 (17.9) 
, Cymbella affinis 175 (1.4) 225 (1) 290 (1.1) 370 (0.7) 500 (14.5) 530 (2.3) 580 (2.1) 610 (0.5) 

670 (4.5) 790 (1.6) 820 (0.7) 860 (0.8) 890 (0.4) 
Cymbella turgida 140 (0.6) 225 (1) 275 (0.6) 325 (0.3) 530 (1) 
Diatoma hiemale mesodon 40 (5) 85 (12) 100 (25) 140 (1.6) 171 (1) 240 (1) 275 (20.4) 325 (015) 

Eunotia polydentula 240 (0.6) 275 (0.6) 
Eunotia praerupta bidens 85 (1) 275 (0.6) 
Melosira patagonica 85 (0.4) 100 (16.3) 140 (27.7) 150 (2.4) 275 (7) 500 (0.5) 
Pinnularia bogotensis 100 (0.5) 
Synedra rumpens 
Synedra ulna amphirhynchus 225 (1) 670 (1.4) 790 (0.8) 820 (0.7) 860 (0.8) 890 (1.8) 

370 (1.4) 420 (1) 480 (0.5) 790 (0.4) 820 (0.7) 

Quantitative variation of d 

Cocconeis placentula 40 (2.9) 85 (0.5) 100 (0.5) 140 (0.8 175 (16.1) 225 (30.3) 240 (18.4) 290 (13) 
325 (19.5) 370 (17.5) 420 (27) 480 (26) 500 (33) 530 (26) 580 (41) 610 (32) 670 (32) 
790 (36.4) 820 (4) 860 (10) 890 (16) 

Cymbella cistula 370 (0.7) 480 (0.5) 580 (1) 610 (0.5) 820 (0.7) 
Cymbella cymbqormis 85 (0.5) 240 (2.4) 290 (3.4) 370 (1.8) 420 (1.7) 500 (4) 580 (1) 
Cyclotella pseudostelligera 140 (0.8) 175 (10.2) 225 (9) 240 (29.6) 290 (15.2) 325 (9) 370 (18.9) 

420 (20) 480 (14.8) 500 (8) 530 (13.6) 580 (9.5) 610 (17.8) 670 (11.3) 790 (18.8) 820 (5.9) 
860 (1.3) 890 (15.7) 

Fragilaria pinnata 85 (1) 140 (0.8) 175 (35.2) 240 (1.6) 325 (1.4) 530 (1.7) 670 (1.4) 
Gomphonema intricatum 175 (5) 820 (0.7) 890 (2.2) 
Navicula radiosa 325 (1.4) 530 (1.7) 670 (1.8) 

Quantitative variation of e 

Pinnularia subcapitata 85 (0.4) I 

Synedra goulardi 40 (0.8) 275 (0.6) 325 (1) 370 (0.7) 420 (0.5) 500 (1) 790 (0.4) 

i 

Quantitative variation of f 

. Acta Geologica Academiae Scientiarum Hungaricae' 25, 1982 



SERYANT-VILDARY, S. 

On 

1 

2 

3 

4 

5 

6 

7 

8 

, a  

9 ( 1 -  

1 2 .  3 4 5 

I I 

- 370 ---t - 140 m 

- 140 m 

- 140 m 

- + +  
- 140- 

I 

I- 4 I I n' O - -140m 

-540-+'140 m 

I 

6 

-4" 3 

- 20 
-403 

- 101 

-3"6 

-101 

- 2 "  

- N actual 

-2'7 

N actual  

7 

I I I  1 

* o 10% 

Fig. 8. Interpretation 

1 - Depth - 2 - Lithology - 3 - Samples - 4 - Localisation of the diatom assemblages - 
5 - Evaluation of the assemblages' position - 6 - Evaluation of temperature fluctuations2 
7 - Quantitative frequency variations of psychrophilic diatoms. List of psychrophilic diatoms. 
Achnanthes coarctuta 85 (0.5) 175 (l.5j 240 (0.41 325 (0.3) 420 (0.5) 790 (0.4) 
Achnanthes pseudotanensis 240 (5.3) 275 (10.3) 500 (1) 
Ceratoneis arcus 85 (0.5) 225 (0.4) 240 (0.6) 325 (0.3) 420 (0.5) 500 (2) 580 (2) 610 (0.5) 790 (0.4) 

Ceratoneis arcus amphioxys 325 (0.3) 480 (0.5) 580 (1) 860 (0.4) 
Cymbella heteropleuza 40 (0.8) 85 (0.8) 225 (1) 240 (0.4,) 325 (0.3) 
Cymbella norvegica 40 (0.8) 85 (0.8) 140 (0.6) 275 (0.6) 325 (0.3) 
Diatoma anceps subsconstricta 85 (0.5) 100 (1.6) 370 (0.7) 
Diatoma hiemale mesodon 4'0 (5) 85 (13.3) 100 (25) 140 (1.6) 175 (1) 240 (1) 275 (20.4) 325 (0.6) 

Eunotia arcus 4'0 (0.4') 

820 (0.7) 890 )0.4) 

370 (1.4,) $20 (1) 480 (0.5) 790 (0.4) 860 (0.7) 
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DIATOM FLORA IN BOLIVIA 199 

Eunotiafaba 530 (0.5) 580 (1.6) 
Eunotiafallax 500 (1) 
Eunotia praerupta bidens 85 (1) 275 (0.6) 
Eunotia robusta tetraedon 140 (0.8) 4'80 (0.5) 790 (0.4) 
Eunotia tecta 100 (0.5) 275 (0.6) 

' 

c Fragilaria virescens 40 (1.2) 100 (2.2) ,175 (10.2) 225 (14.1) 240 (11.8) 275 (1.2) 325 (38.3) 
370 (18.5) 420 (20.8) 480 (6.3) 500 (5.1) 530 (1.7) 670 (0.9) 890 (0.4) 

Frustuliafrenguelli 40 (0.48) 85 (0.4) 140 (0.8) 175 (1.4) 530 (0.5) 
Melosira distans alpigena 40 (17.8) 85 (7.6) 140 (27.8) 275 (3.7) 
Melosira putagonieu 4'0 (0.4) 85 (16.3) 100 (27.7) 140 (2.4%) 
Navicula lapidosa 85 (1) 240 (0.4) 275 (0.6) 530 (0.5) 
Navicula perpusilla 85 (0.6) 100 (0.5) 
Navicula pseudoscutiformis 85 (0.5) 175 (2.9) 225 (1) 275 (1.4) 325 (0.3) 370 (2.2) 
Navicula wittrockii 325 (0.3) 530 (0.5) 670 (0.5) 890'(0.48) 
Navicula subtillissima 24'0 (0.4) 480 (0.4) 530 (0.5) 790 (0.4) 
Neidium mamllanicum 820 (1.4) 860 (0.4) 

> 

Pinnularia lcrospheria 85 (i) i25  (0.3) 
Pinnularia borealis 40 (2) "85 (1) 100 (9.3) 140 (7.3) 275 (2.5) 890 (0.4) 
Pinnularia ~nicrostauron brebissonii 40 (2.1) 85 (1.5) 100 (3.3) 140 (1.6) 275 (1.2) 
Pinnularia brevicostata 40 (0.8) 140 (0.8) 275 (0.6) 610 (0.5) 890 (0.4) 

' 

. I  . ,  . .  
Pinnularia crucicula 4~0 (3.8) 275 (0.6) ' 

Pinnularia divergentissima $0 (2) 85 (1.5) 100 (2.7) 140 (2.4) 275,(1.2) 325 (0.3) 890 (0.4) 
Pinnularia streptoraphe 100 (0.3) 
Surirella'islandica 85 (1.5) 140 (0.8) 275 (0.6) 860 (0.4) 890 (0.4) 

, 
I . . '.. ' 

. . . .  
i :  . ,  

I .  

.\ .. 
, .  
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Table II 
Diatom frequencies 

Achnanthes coarctata (BRÉB.) Grun. 
Achnanthes hungarica GRUN. 
Achnanthes lanceolata BRÉB. 
Achnanthes microcephala KÜTz. 
Achnanthes pseudotanensis A. CLEVE 
Amphora ovalis ICÜTZ. 
Amphora veneta KÜTz. 
Caloneis bacillum (GRUN.) MERES. 
Caloneis incognita HUST. 
Caloneis patagonica CL. 
Caloneis silicula (EHR.) CL. 
Caloneis schumanniana (GRUN.) CL. 
Caloneis schumanniana biconstricta GRUN. 
Ceratoneis arcus (EHR.) KÜTz. 
Ceratoneis arcus amphioxys RBH. 
Cocconeis placentula EHR. 
Cyclotella pseudostelligera HUST. 
Cyclotella stelligera (CL.) GRUN. 
Cymbella affinis KÜTz. 
Cymbella aspera (EHR.) CLEVE 
Cymbella cistula (HEMP.) GRUN. 
Cymbella cuspidata KÜTz. 
Cymbella cymbiformis (KÜTz.) V. HEURCI 
Cymbella hauckii v. HEURCE 
Cymbella heteropleura (EHR.) KÜTz. 
Cymbella lunata SMITH 
Cymbella microcephala (GRUN.) 
Cymbella minuta silesiaca (BLEISCH) 

Cymbella muelleri HUST. 
Cymbella muelleri ventricosa (TEMP.) 

Cymbella naviculiformis AUERW. 
Cymbella norvegica GRUN. 
Cymbella oscura FOG. 
Cymbella sinuata GREG. 
Cymbella ventricosa KÜTz. 
Cymbella turgida (GREG.) CLEVE 
Diatoma anceps (EHR.) GRUN. subcon- 

Diatoma hiemale mesodon (EHR.) GRUN. 
Diploneis ovalis (HILSE) CLEVE 
Epithemia argus Kü,. 
Epithemia zebra (EHR.) KÜTz. 
Epithemia zebra saxonica (KÜTz.) GRUN 
Eunotia arcus EHR. 
Eunotia exigua (BRÉB.) GRUN. 
Eunotia faba (EHR.) GRUN. 
Eunotia fallax A. CLEVE 
Eunotia pectinalis (KÜTz.) RABH. 
Eunotia pectinalis minor (KÜTz.) ~ E H .  
Eunotia polydentula BRUN 
Eunotia praerupta bidens GRUN. 
Eunotia robusta tetraodon (EHR.) U s  
Eunotia sudetica bidens HUST. 
Eunotia tecta KRASSKE 
Fragilaria brevistriata GRUN. 

REIM. 

REIM. 

stricta A. MAYER 

150 175 225 
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in Khara Kkota core 
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1.4 - 
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0.3 - 
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- 
0.3 
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9 
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- 
- 
- 
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- 
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0.3 

0.3 
0.3 
0.3 
0.3 
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0.3 - 
- 
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202 SERYANT-VILDARY, S. 

Fragilaria construens (EHR.) GRUN. 
Fragilaria leptaustoron dubia GRUN. 
Fragilaria pinnata EHR. 
Fragilari pinnate hncettula (SCHUWNN) 

Fragilaria viracens RALFS 
Frusrulia frenguelli MANG. 
Frustulia rhomboides (EHR.) DE TONI 
Frustulia vulgaris THW. 
Gomphonema abbreviatum AGARDH? 

Gomphonema constrictum EHR. 
Gomphonema gracile EHR. 
Gomphonema gracile lanceolata ICÜTZ. 
Gopphonema intricatum ICÜTZ. 
Gomphonema intricatum pumila GRUN. 
Gomphonema longiceps EHR. 
Gomphonema longiceps subclavata GRUN. 
Gomphonema olivaceum (LYNGB.) ICÜTZ. 
Gomphonema parvulum (ICÜTZ.) GRUN. 
Gomphonema parvulum micropus (ICÜTZ.) 

Gomphonema subclavatum GRUN. 
Gomphonema subtile sagitta (SCHUM.) 

Hantzschia amphioxys (EHR.) GRUN. 
Melosira distans (EHR.) ICÜTZ. 
Melosira distans alpigena GRUN. 
Melosira italica valida GRUN. subarctica 

Melosira patagonica (O. MÜLL.) FRENG. 
Meridion circulare constricta (RALFS) v. 

Navicula cuspidata ICÜTZ. 
Navicula lapidosa KRASSKE 
Navicula paramutica binodis BECK. 
Navicula perpusilla GRUN. 
Navicula pseudoscutiformis HUST. 
Navicula pupula capitata HUST. 
Navicula pupula rectangularis (GREG.) 

Navicula radiosa ICÜTZ. 
Navicula rhynchocephala KÜTz. 
Navicula subdeliberatq MAN. 
Navicula subtillissima CLEVE 
Navicula vulpina ICÜTZ. 
Navicula zuittrockii (LAGERST.) A. CL. 
Neidium ccffine longiceps (GREG.) CLEVE 
Neidium iridis vernalis REICH. 
Neidium magellanicum CL. 
Nitzschia dissipata (ICÜTZ.) GRUN. 
Nitzschia lacuum LANGE. B. 
Nitzschia 'jìrustulum ICÜTZ. 
Nitzschia hollerupensis FOGED 
Nitzschia ovalis ARNOT. 
Nitzschia recta HANTZSCH 
Pinnularia aerospheria BRÉB. 

HUST. 

ICÜTZ. 

CLEVE 

CLEVE 

O. MÜLL. 

HEURCK 

GRUN. 
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275 
- 
670 

- 
890 
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Pinnularia aperta FRENG. 
Pinnularia appendiculata (AG.) CLEVE 
Pinnularia bogotensis GRUN. 
Pinnularia borealis EHR. 
Pinnularia brevicostata CLEVE 
Pinnularia crucicula FRENG. 
Pinnularia divergens W. SMITH 
Pinnularia divergens elliptica GRUN. 
Pinnularia divergentissima (GRUN.) CLEW 
Pinnularia lata (BRÉB.) SMITH 
Pinnularia leptosoma GRUN. 
Pinnularia microstauron ambigua MEIST. 
Pinnularia brebissonii (KÜTz.) RABH. 
Pinnularia molaris GRUN. 
Pinnularia pulchra OSTRUP 
Pinnularia stauroptera (GRUN.) CLEVE 
Pinnularia streptoraphe CLEVE 
Pinnularia subcapitata GREG. 
Pinnularia viridis (NITZSCH) EHR. 
Rhopalodia gibba (EHR.) O. MÜLL. 
Rhodpalodia gibba ventricosa (EHR.) GRUN 
Stauroncis acuta W. SMITH 
Stauroncis anceps EHR. 
Stauroncis phoenicenteron EHR. 
Stauroncis subtilis MANG. 
Surirella lincaris elliptica O. MÜLLER 
Surirella biseriata BRÉB. 
Surirella islandica A. CL. 
Surirella cf. davidsonii A. S. 
Synedra goulardi BRÉB. 
Synedra rumpens fragilarioides GRUN. 
Synedra rumpens meneghiniana GRUN. 
Synedra parasitica W. SMITH 
Synedra ulna amphirhynchus (ERH.) 

GRUN. 

GRUN. 

Synedra vaucheriae KÜTz. 1 
Synedra vaucheriae truncata (GREv.) 
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- -  
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Plate I ' 

X 1000 except. No. 9-10-18 x 500 
1. Surirella cf. biseriata BRÉB.; 2. Surirella linearis %. SMITH; 3. Surirella linearis W. SMITH; 
4. Surirella linearis v. elliptica FRENG; 5. Surirella cf. ovata ICÜTZ.; 6. Surirella cf. islandica 
Ostr.; 7. Achnanthes lanceolata BRÉB.; 8. Diatoma hiemale v. mesodon (EHR.) GRUN.; 9. Suri- 
rella cf. saxonica SCHMIDT; '10. Surirella cuspidata HUST.; 11. Cymbella mulleri v. javanica 
HUST.; 12. Cynibella norvgica GRUN.; 13. Cymbella turgida (GREG.) CLEVE; 14. Cymbella lunata 
SMITH; 15. Cymbella miilleri HUST.; 16. Cymbella cistula (HEMP.) GRUN.; 17. Ceratoneis arcus 
(EHR.) ICÜTZ.; 18. Pinnularia viridis (NITZSCH.) EHR.; 19. Stauroneis anceps v. linearis (EHR.) 
CLEVE; 20. Frustulia sp. 21. Neidium iridis v. vernalis REICHELT 

I 
Plate II t I 

X 1000 except. No. 28 x 500 
1. Navicula charlatii M. PERAG.: 2. Navicula mutica ICÜTZ. v.? Deruviana MANG.: 2a. Navicula 
cf. lagerheimii C1. v. nomismatqormis MANG.; 3. Navicula pseudGscutiformis HUST.; 4t. Navicula 
mutica v. cohnii (HILSE) GRUN.; 5. Navicula mutica v. undulata (HILSE) GRUN.; 6. Frustulia 
vulgaris THWAITES; 7. Frustulia rhomboides (EHR.) DE TONI; 8. Navicula subtilissima CLEVE; 
9. Navicula mutica v. nivalis (EHR.) HUST.; 10. Pinnularia divergentissima (GRUN.) CLEVE; 
11. Pinnularia microstauron (EHR.) CLEVE; 12. Pinnularicc crucicula FRENG.; 13. Pinnularia 
braunii v. amphicephala (A. MAYER) HUST.; 14, Pinnularia borealis EHR.; 15. Navicula lapidosa 
~ R A S S K E ;  16. Pinnularia subcapitata GREG. v. ? hybrida (GRUN.) FRENG. HUST.; 17. Pinnularia 
lata (BRÉB.) SMITH; 18. Pinnularia parva lagerstedti CLEVE; 19. Pinnularia leptosoma GRUN.; 
20. Nitzschia denticula GRUN.; 21. Pinnularia bogotensis GRUN.; 22. Caloneis alpestris HUST.; 
23. Neidium afxine v. minor CL.; 243. Caloneis incognita HUST.; 25. Pinnularia acrospheria 
BRÉB.; 26. Eunotia exigua (BRÉB.) GRUN. 

Plate III 

X 1000 except. No. 20.. x 500 
1. Pinnularia pulchra OSTRUP.; 2. Pinnularia appendiculata (HG.) CLEVE; 3. Gomphonema intri- 
catum ICÜTZ.; 4. Gomphonema intricatum v. pumila GRUN.; 5. Stauroneis subtilis MANG.; 6. Ca- 
loneis bacillum (GRUN.) MERES.; 7. Eunotia sudetica v. bidens HUST.; 8. Synedra vaucheriae 
'v. truncata (GREv.) GRUN.; 9. Meridion circulare v. constricta (RALFS.) Heurck. v.; 10. Navicula 
wittrockii (LAGERST.) CLEVE E.; 11. Pinnularia aperta FRENG.; 12. Pinnularia microstauron v. 
brebissonii ICÜTZ.; 13. Caloneis cf. patagonica CL.; 14. Caloneis schumanniana v. biconstricta 
GRUN.; 15. Caloneis schumanniana (GRUN.) CL.; 16. Pinnularia stauroptera (GRUN.) CLEVE; 
17. Pinnularia gibba EHR.; 18. Cymbella cymbìformis (AGARDH.) ICÜTZ.; 19. Cymbella ventricosa 
ICÜTZ.; 20. Cymbella aspera (EHR.) CLEVE; 21. Cymbella heteropleura (EHR.) ICÜTZ.; 22. Cym- 
bella miilleri v. ventricosa TEMP. REIM.; 23. Cymbella affinis ICÜTZ.;, 24. Cymbella minuta sile- 
siaca (BLEJSCH.) REIM. 

Plate I V  

X 1000 except. No. 4 x 500 
1. Neidium magellanicum CL.; 2. Navicula subdeliberata MANG.; 3. Neidium bisulcatum (LA- 
GERST.) CLEVE; 4. Surirella cf. davidsonii A. S.; 5. Frustulia Jrenguelli MANG.; 6. Pinnularia 
bogotensis GRUN.; 7. Surirella islandica CL.; 8. Diatoma anceps v. subconstricta A. MAY.; 9. Me- 
losira patagonica (O. MÜLL.) FRENG.; 10. Frustulia s ~ . ?  11. Cyclotella stelligera (CL.) GRUN.; 
12. Achnanthes pseudotanensis A. CL.; 13. Cyclotella pseudostelligera HUST.; 14. Achnanthes hun- 
garica GRUN.; 15. Gomphonema abbreviatum (AGARDH.) ICÜTZ.; 16. Eunotia praerupta v. bidens 
GRUN. 
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